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Rafael Vindel Amor
junio 2014





DATA EXTRACTION METHODOLOGY TO

IMPROVE THE GAMEPLAY EXPERIENCE IN

VIDEO GAMES AND TO ANALYSE THE USER’S

PROFILE BEHAVIOUR AND ITS EVOLUTION

AUTOR: Rafael Vindel Amor
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Resumen

Resumen

Los videojuegos son la principal fuente de entretenimiento en nuestros d́ıas y la que más bene-
ficios genera en la industria de los contenidos audiovisuales.

Para las compañ́ıas que desarrollan videojuegos es muy importante saber el perfil de los
usuarios que adquieren sus videojuegos para, posteriormente, desarrollar contenido espećıfico
para dichos usuarios. Los usuarios, por otra parte, exigen un mayor realismo en la inteligencia
artificial de los enemigos y un mayor nivel de dificultad, todo ello unido a una elevada capacidad
de personalización del modo de juego. En el ámbito de la inteligencia artificial y de la perso-
nalización existen videojuegos con mecánicas dinámicas que hacen que cada partida tenga una
experiencia única.

En este trabajo se pretende, mediante el diseño y programación de un videojuego, abordar
dichos problemas para conseguir una metodoloǵıa que sirva de ayuda en este campo. Para
ello, se recopilarán estad́ısticas de uso del videojuego que serán analizadas para determinar las
mejoras realizables dentro del propio videojuego. Con estas estad́ısticas, se realizará un análisis
de los perfiles de los usuarios presentes en el videojuego con el objetivo de saber los distintos
tipos de usuarios que hay en función de su nivel de habilidad y en función de su estilo de juego.
Todo esto se realizará con el objetivo de proporcionar una experiencia más gratificante de cara
al usuario. De esta forma, se podrán crear mecánicas dinámicas de juego en función de las
acciones que hayan realizado cada uno de los usuarios.

Finalmente, este trabajo aprovecha esta información para aportar posibles soluciones para
mejorar la jugabilidad del propio videojuego y para clasificar a los usuarios en función de la
evolución de su perfil utilizando los resultados extráıdos del análisis realizado. Para realizar el
análisis propuesto se han empleado técnicas de Data Mining no supervisado y series temporales.

Palabras Clave

videojuego, perfil de usuario, evolución de usuario, series temporales, clustering
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Abstract

Video games are the main source of entertainment these days and the most profitable industry
that generates audiovisual contents.

On the one hand, video game companies consider important to understand their users profile
in order to develop especific content for them. On the other hand, current users require some
artificial intelligence improvements and gameplay customization to enrich the game experience.
In the field of artificial intelligence and gameplay customization, there are several video games
with dynamic gameplay mechanics that make each game looks like a new and unique experience.

The goal of this work, through the design and programming of a video game, is to get a
methodology that helps in this field. To do this, usage video game statistics are collected to be
analyzed in order to determine the achievable improvements within the video game itself. With
these statistics, an analysis of the users profiles present in the video game is performed in order
to know the different types of users depending on their skill level and their play style. All this
is done with the aim of providing a more rewarding experience for the user. Thus, it can be
created dynamic gameplay mechanics based on the actions of each user.

Finally, this work uses this information to provide possible solutions to improve the gameplay
of the video game and to classify the users according to their profile evolution by using the
results extracted from the previous analysis. To perform the proposed analysis, unsupervised
data mining and time-series techniques have been employed.

Keywords

video game, user profile, user evolution, time series, clustering
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esto no habŕıa sido posible.

v



Data Extraction Methodology to Improve the Gameplay Experience in Video Games and to
Analyse the User’s Profile Behaviour and its Evolution

vi



Contents

List of Figures ix

1 Introduction 1

1.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2 Introduction 5

2.1 Video Games Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.2 Gamers and their interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.3 Perspectives for Game and Gamer Analysis . . . . . . . . . . . . . . . . . . . . . 7

2.3.1 Motivations for Game Analysis . . . . . . . . . . . . . . . . . . . . . . . . 7

2.3.2 Motivations for Gamer Analysis . . . . . . . . . . . . . . . . . . . . . . . 8

2.4 Gamer behaviour Analysis using Data Mining . . . . . . . . . . . . . . . . . . . . 8

2.5 Video Game Development Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3 Architecture 11

3.1 Game Module . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.2 Data Extraction and Storage Module . . . . . . . . . . . . . . . . . . . . . . . . . 15

3.3 Data Representation Module . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

3.4 Basic User Profile Module . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

3.5 Profile Evolution Module . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4 Experiments 21

4.1 Testing Phase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

4.1.1 Hardware Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

4.1.2 Software Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

4.1.3 Starting Guide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

4.1.4 Server Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.2 Experimental Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.2.1 Data Collected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

4.2.2 Algorithms Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

vii



Data Extraction Methodology to Improve the Gameplay Experience in Video Games and to
Analyse the User’s Profile Behaviour and its Evolution

4.3 Game Representation Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4.4 User Profile Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

5 Conclusions and Future Work 33

5.1 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

5.2 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

Glossary 35

Bibliografy 36

viii CONTENTS



List of Figures

3.1 Architecture schema . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.2 Video game environment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.3 Video game areas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3.4 Basic representation example. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

3.5 Basic profile example. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.1 User movements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4.2 Enemies movements and initial positions. . . . . . . . . . . . . . . . . . . . . . . 27

4.3 User movements and items positions. . . . . . . . . . . . . . . . . . . . . . . . . . 28

4.4 User during attacks positions and enemies during attacks positions . . . . . . . . 29

4.5 User final attack positions and enemies final attack positions . . . . . . . . . . . 30

4.6 User global profile extraction based on the five metrics. These results represent
the most relevant users of the profile extraction process. . . . . . . . . . . . . . . 31

4.7 Evolution of one user in the different games that he has played. This results are
used for the time-series clustering process. . . . . . . . . . . . . . . . . . . . . . . 31

ix





1
Introduction

A video game is an electronic game in which one or more persons interact, by a controller, with
a device provided with video images. This electronic device known as a platform can be: a
computer, an arcade machine, a game console or a portable device. Currently, video games are
the main source of entertainment among the current population. The development of artificial
intelligence techniques is a very studied area by large companies to try to give their video games
a more realistic experience. Similarly, the customization of the user experience is a task that
has become especially important nowadays. That is why the development of techniques to
help improve any of the two points mentioned above have a great impact on the video games
industry.

Due to that each user typically has a different style of play compared to the rest of the users
(more offensive, more defensive or a more casual style of play) but with certain common patterns
in all of them, and their expectations about the video game vary greatly to the expectations of
the others, the data analysis process becomes very complex due to the large number of variables
presented in the system. The goal of this work is to group users according to the similarity in
their styles of play and analyze the configuration of the game to improve the experience of the
users.

Therefore, in this first model a video game is realized. This video game allows the extraction
of the statistics needed to analyze the users profiles and to determine whether the configuration
of the video game is optimal. Thus, a database with the set of actions to be analyzed of each
user is created.

To analyze the data extracted from the users, it has been chosen to use Data Mining algo-
rithms [1]. Due to it is preferred performing a blind analysis of the extracted data, it has been
decided to use clustering techniques [2]. The clustering techniques allow to group the users
by their similarities. In order to measure the evolution of the users, techniques of time series
analysis [3] which include the evolutionary factor within the clusters of the clustering algorithms
have been introduced.

There are a great number and a great variety of problems which arise in this work: the
constraints under which the project has been realized have been taken into account. On the
one hand, it is a very large project, so it is necessary to establish goals and to delimit it at
different levels to cover it. On the other hand, it is necessary that the developed video game is
entertaining enough for the users in order to extract the needed statistics for the realization of
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the analysis. The number of users can also be a problem, the project has a sufficient number of
users, but in order to obtain more reliable results, it is recommended to increase the number of
users present in the video game. If the number of users increases, it may be necessary to perform
a new architecture on the server side in order to behold that number of users. This architecture
requires a better configuration and a considerable improvement in the security system. Once
the statistics are extracted, it is necessary to provide a set of metrics that are meaningful enough
in order to obtain accurate information to build the user profiles. It is necessary to provide the
correct parameters to the algorithms used to obtain reliable results. Finally, note that during
the project possible extensions and improvements have been taken into account, so it would be
possible to realize them within a short period of time.

The rest of this work is organized as follows. The Chapter 2 introduces the state of the art
as well as work related to the project and current tools used in the industry. The Chapter 3
describes the software architecture and the operation of the model. In the Chapter 4 the tests
performed and the results obtained are shown. Finally, the Chapter 5 includes the analysis of
the results in the form of conclusions, as well as a section on future work.

1.1 Motivation

Video games are the main source of entertainment these days. The video games propose an
environment where many users develop their skills. The development of artificial intelligence
techniques allow users to evolve to adapt to the new conditions and achieve the ultimate goal
of each of the video games. The possibility of obtaining a procedure to significantly improve
the gaming experience of users is, without a doubt, the biggest motivation that has made this
project an option to take.

Obtaining an environment where the enemies are based on an artificial intelligence that
always poses a challenge for the users is the main goal of this first study. The users will also
develop their skills in order to overcome the artificial intelligence of the enemies. It is also
pretended to make a custom video game experience based on the skills of the users.

1.2 Objectives

The objectives of this work are:

• Design and programming of a video game. Development of a video game that
provides an environment where a certain number of users play in order to extract their
gameplay statistics.

• Usage statistics extraction. Extraction of the actions performed by the users within
the video game.

• Video game analysis. Analysis of usage data extracted from the users and identification
of the users behavior within the video game.

• Users profile analysis. Identification of the different types of users based on their
playing style and their skill level proposed solving the challenges in the video game.

• Video game improvements. Analysis of the possible improvements to be made within
the video game once performed the previous analysis. These improvements are ranged
from changes in video game settings to changes in the artificial intelligence of the enemies.
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• Users clustering. Obtention of what types of users are the most probable in all the
experiments performed and the main groups of users based on their skill levels.

CHAPTER 1. INTRODUCTION 3
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2
Introduction

This chapter pretends to introduce a general overview around the videogames industry, its
history and the current approaches around this market. Besides, in order to cover the analytical
techniques used in this work, it also introduces some methologies used in behavioural analysis,
specially those focused on the gamer profile. Finally, it gives some notions about the Data
Mining techniques used in this work, in this case, specially focused on time series and clustering.

2.1 Video Games Industry

Video games are one of the most profitable current business in our society [4]. This business
started with the first graphic interfaces for computers which allows users to play different games
in their PCs [5]. The main entertaiment concepts about video games have made them a situable
environment for different genres.

The different advances in technological devices such as graphic cards, RAM memory, ROM
devices, processors, and, specially, the Internet have supposed also an important improvement
to the video games market. The first generations was based on offline 2D environments while
the current versions are focused on multi-player and online 3D environments.

The games evolution has produced different games categories. The most studied genres are
[6]:

• Action. The action genre consists of two subgenres: first-person and third-person games.
This genre has usually a cinematic perspective where the player is represented by a char-
acter. This character has to overcome obstacles using tools or items, or fighting with
different enemies.

• Role-playing. Role-playing games (RPG) are usually associated with fantasy. These
games are usually focused on the story in a literary way.

• Simulation. The simulation genre includes video games that simulate sports, flying,
driving, the dynamics of towns, cities, small communities, etc.

• Strategy. There are two main subgenres which belong to strategy games: Real Time
Strategy (RTS) and Turn-Based Strategy (TBS). Usually, the former games are those
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where the player has to decide its strategy during the game play and adapt it (e.g.,
wargames); the latter games are similar but the player decides the strategy step by step
(e.g., chessgames).

One of the main problems developers face is how to create an enjoyable game [7]. This field
needs to consider several factors of different sources. Next sections explain how different works
are focused on the game analysis in order to improve the game-play experience [8, 9, 10]

Video games have an important social repercussion [11], too. One of the main problem in
video games is the aggresive behaviour which is usually produced by violent video games in
children and young adults [12]. However, the game experience can be also use to learn about
different aspects of human beings such as risk taking, strategy formulation and execution, moral
or ethic decisions, etc. [13]. Also, games can be used to help in different environments. These
perspectives are usually called gamification [14].

The main idea around gamification is to create different environments, based on games,
oriented to learning activities or cooperation between users. It usually obtains better results
than tradicional methodologies and has been successfully applied in different fields such as:

• Learning. Lecturers generate a ludification of the learning process creating cooperative
or competitive activities for the students [15].

• Marketing. Several research lines follows how gamification can improve the costumer
interest in different business and products [16].

• Military. Usually games are used to train soldiers in different aspects, such as strategies
or missions, simulating a real world [17].

• Health. Different methodologies of gamification are focused on health such as exercise
games [18].

Finally, it is also important to understand how the user adapts himself to the video game
during the game-play experience. This information provides a general profile of the gamer which
allows the developers to adjust the game to a concrete user profile, for example, according to
their age, gender, play time, etc. [19]. Moreover, the video game can also be used to define the
player behaviour, extracting data from different movements and decissions chosen during the
game-play [20].

2.2 Gamers and their interactions

Games are usually focused on players. Several games provide a virtual representation of the
gamer inside the environment created. This representation can be totally or partially physical
(e.g., a thrid-person [6] or first person [6] game) or unphysical (e.g., building games or puzzles
[6]). The former provide a whole individual inside the game which is controled by the gamer,
the latter provides a set of tools which the gamer uses in order to complete the game, such as,
for example, move the different pieces of a puzzle.

Depending on the game, the decissions made by the user are focused on solving a determin-
istic pattern (such as a fixed Artificial Intelligence or puzzles) or they have a random component
which makes the gamers change their strategy (e.g. RTS games).

Gamers usually learns within the game through a reinforcement learning methodology [21].
Usually, they receive different rewards (such as coins, level improvement, new abilities, new
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puzzles, etc.) or punishments (life reduction, less money, reduce abilities, etc) depending on
their behaviour during the gameplay.

Gamers are also the main focus for the industry. From the marketing point of view, they
are the clients and it is important to satisfy their spectatives. However, it is difficult to measure
how the game experience is attractive or not to a determine user or group. Next section explains
how several works have tried to face this problem analysing the user behaviour inside the game
and generating user profiles in order to categorize the users [22, 23, 24].

2.3 Perspectives for Game and Gamer Analysis

As was mentioned above, it is important to understand both: how the game is working and
how the user is involved in the game environment. Here, we present several points of view and
motivations for game and gamer analysis.

2.3.1 Motivations for Game Analysis

Game analysis is usually based on the analysis of the game itself or its effects in the users
from different perspectives such as psycology or marketing. Here, we collect some works which
explains different motivations for Game Analysis.

First, it is important to understand how the game interacts with the devices. This infor-
mation is extreamly important specially for online games where the company usually provides
a server and the number of user is not limited. Henderson [8] provides a good example in this
field. He studies the hardware implication in online games. In his work, he provides a server for
Half-life and studies the server behaviour specially focused on the payload and how it affects to
the users behaviour in the game play experience. They discover that players are usually toletant
to delay.

Other of the main analysis perspective is Marketing analysis in order to generate a profitable
market. The work of Chung and Grimes [25] is a good example of how the information has to
be considered. In their work, they analyse how online games affect to children from a marketing
perspective. Authors study different websites exploring the privacy issues in order to discover
that the information provided by the users is usually ignored even when this information is
really valuable for marketing.

In this field it is also important to evaluate the enjoyable experience. For example, Vorderer
et al. [26] study the factors which produces an enjoyment experience in video games. They fo-
cused their work, specially, in collaborative and competitive games, discovering that competitive
environments obtain better results entertaining players.

From a different point of view it is also important to understant how the user is attracted by
the game. For example. Yee [10] studies the player motivation of different users to play online
games. Author tries to understand, using the game as a starting point, those relationships that
are important between the user and the game. Finally, he discriminates three main motivations:
achievement, social and inmersion.

Following this previous work, he also study an important psycological phenomena of current
video games. In [9], Yee analyses how current games has become as a second work for several
users and how these games have been designed, in order to achieve this goal. The work is
focused on describing patterns in those platforms designed to train gamers to become better
game workers. This shows social trends between play and work.

CHAPTER 2. INTRODUCTION 7
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Finally, games also migth produce some psychological effects in the gamers. The most
studies effects are addiction and aggresive behaviors derivate from games. Wood [27] focuses
its analysis on the former (game addiction). In order to evaluate previous methodologies to
evaluate game addiction, he proposes four case studies demonstrating how old techniques where
not totally accurate and concluding that the main factors behind game addiction are: ineffective
time management skills and a response to other problems users are escaping from, instead of
addictive properties of the game itself. Griffiths [28] analyses the literature around the latter:
aggresive behavior produced by violence in video games. Several studies blame video games for
producing aggresive behaviour in children, however, author proves that previous studies have
methodological problems and they only measure aggresive consecuences in short-term.

2.3.2 Motivations for Gamer Analysis

Previous section shows the importance of analysing the games and its influence in the users.
This section tries to motivate the importance of analysing the gamer, its effects on the game and
also the data that can be extracted about their profile using information about the game-play.

The first relevant step in the player analysis is how to choose the relevant data which is
going to be analysed. In order to choose the most relevant factors it is important to define the
goal of the analysis. Moura et al. [24], for example, propose a methodology to extract data from
games and analyse it in order to understant player behaviour within the game. Due to the high
amount of data, they propose different visualization techniques to identify patterns and player
behaviour. Other good approach is to focus the analysis on the player interaction. Marsh et al.
[23] propose a methodology to deal with this kind of analysis in game environments. They create
a tool called ISIS to query and indentify data of interest in order to identify actions, activities,
design problems, navigation problem, dificult tasks, etc. Moreover, it is also important to
keep information about the player tracking. In this context, Coulton et al. [29] focused their
analysis on spacio-temporal techniques to provide a 3D visualization of players movements.
This methodology is applied to real users in a pacman based real game where the players are
characters of this game and the system tracks their movements.

The information of the data extracted from the user is helpful to give some new features
to the game. For example, Weber and Mateas [30] present an approach to opponent modeling
in strategy games. They try to predict the opponent strategy before it is executed. They also
try to incorporate their approach to a full game playing agent. It also can be useful to develop
characters in game. This perspective has been studied by Hoorn et al. [31] who studied how
to create NPC AI for video games based on players behaviour. They propose a methodology
which combines record players and traditional progress functions. They apply this idea to a
modern racing game.

Finally, the information extracted from the player can be applied to personalize some features
to the game in order to make it more enjoyable. Hunicke and Chapman [22] faces this problem
focusing their analysis on the game play experience from the difficulty point of view. They
discuss how easy or frustrating games are usually worse for gamers and how static methods for
difficulty selection are not enough in order to personalize the game level. They also propose a
dynamic difficulty adjustment system.

2.4 Gamer behaviour Analysis using Data Mining

Data mining is defined as a toolset of knowledge extraction or pattern identification techniques
applied to information sources. The most famous current techniques are supervised and unsu-
pervised learning techniques. The former needs information about the quality of the proccess in
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order to identify predictive patterns in the data, while the latter identify patterns by similarity
blindly.

On the one hand, supervised [1] approaches are based on the class information of the data or
an special attribute which is the objective of the analysis. The algorithms are usually designed
to consider this information as a feedback in order to generate a good predective model adapted
to the data. There are two main approaches in these methodologies [1]: regression (which tries
to estimate the relationship between the variables using statistical models) and classification
(which tries to create a model to predict a target class variable). The are several algorithm
categories for both fields, however, the most classical categories are Linear and Logistic for
regression algorithms; and Decision Trees, Naive Bayes, Neural Networks and Support Vector
Machines for classification.

On the other hand, unsupervised [1] techniques are based on a blind search within the
data. The most classical methodologies are Hidden Markov models, blind signal separation and
Clustering. Clustering techniques group similar data points into clusters according to a cost
or objective function, which is usually minimized or maximized, making this clusters different
from each other at the same time. There is a large number of clustering approaches, similar to
classification, depending of the goal the algorithm should achieve. This work has been focused
on partitional cluster [32]. This techinque separate the instances producing that each instances
belongs to a single cluster. Depending on the clustering algorithm, there are several models focus
on the solutions. These models are divided in parametric [33] or non-parametric model [34].
The former has an statistical estimator that is adapted to the data while the latter separates
the data using different topologies or techniques.

The most classical partitional algorithms are K-means [33] and EM [35]. Both K-means
and EM are parametrical clustering algorithms, which usually try to optimize an estimator
parameters. Other classical techiques for non-parametric clustering are those based on medoids.
These algorithms try to find the solution within the data [36]. They do not need the features
of the search space in order to find a solution (they can deal with the information extracted
from the data distances). This special property makes medoid-based algorithms a good choice
for problems where the search space is not well defined, such as time series clustering. Also
a medoid is a representative instance for the cluster formed, which means that the analyzer
only needs to analyse the set of instance corresponding to the medoids, providing an easier
human interpretation of the cluster than parametrical approaches, where the estimator has to
be analyzed.

Over the last decade, clustering techniques have exploited forecasting fields, and have been
specially focused on time series analysis [3]. Measuring the evolution of several time series,
which are group by the clustering algorithms, these techniques can be used to predict a new
series trend.

There has been used different approaches, based on Data Mining, to model the player be-
haviour. These approaches try to identify and group different players according to the game
statistics. They have been specially applied to Robossocer simulations [37]. Due to this extrac-
tion process is initially blind, it is interesting to consider unsupervised Data Mining techniques,
such as, clustering, in order to face this problem.

2.5 Video Game Development Tools

In this section we presents wome relevant tools which are useful for game developers:

CHAPTER 2. INTRODUCTION 9



Data Extraction Methodology to Improve the Gameplay Experience in Video Games and to
Analyse the User’s Profile Behaviour and its Evolution

• Unity 3D1. Unity is a game development framework created to develop games for different
Operative Systems and devices. This environment uses different tools in order to help
developers to create interactive 3D and 2D content. The main features of this engine is its
facility to export the content to different platforms, the automatic integration of Artificial
Intelligence and the complete market which provides different resources for the developers
called Asset Store supported by a knowledge-sharing community.

• Blender2. Blender is a 3D modeling system which is usually used rigging, animation,
simulation, rendering, compositing and motion tracking, even video editing and game
creation. This system is free and open source. It also provides several tools to deal with
different programming languages such as PythonThis suite is usually used by individuals
and small studios.

• Maya3. Maya is a 3D modelation system used for animation, modeling, simulation,
rendering, and compositing software. It offers a tools set which is intuitive for their users
and extensible to several platforms. IT is also focused on increasing the productivity for
modeling, texturing, and shader creation tasks.

• Unreal Engine4. Unreal Engine is a set of professional tools focuses on creating games
for different platforms. This engine works with a rendering architecture which enables
developers to achieve improve visual effects easily.

• CryEngine5. CryEngine is focused on big projects related to graphical solutions. It has
been applied to the creation of games, movies, simulations, and interactive applications.
It has been also focused to special devices such as Xbox 360, PlayStation 3 and PC games
providing a good set of tools to develop games in these platforms.

• Ogre3D6. OGRE (Object-Oriented Graphics Rendering Engine) is focused on the cre-
ation of 3D scenes. It has been written in C++ and tries to provide an intuitive framework
for developers in order to produce applications through 3D graphics accelation. It provides
access to system libraries like Direct3D and OpenGL and provides an interface based on
world objects and other classes.

• Source Engine7. Source Engine is focused on character animation, AI, physics, shader-
based rendering, and an extensible development environment to develop games. The
engine tries to optimize the hardware resources of the different devices scaling smoothly
on older systems, enabling developers to reach a diverse range of gamers.

• Anvil Engine8. Anvil (also called Scimitar) is a game engine created by Ubisoft for
Microsoft Windows, PlayStation 3 and Xbox 360. Prince of Persia and Assassin’s Creed
series have been developed using this engine.

• SmartFoxServer9. SmartFoxServer is a platform focused on multi-user applications and
games with Adobe Flash/Flex/Air, Unity, HTML5, iOS, Windows Phone 8, Android,
Java, Windows 8, C++, among others. SmartFoxServer provides several features and
manuals with several example to explain how to use its administration tools for these
kinds of games.

1https://unity3d.com/
2http://www.blender.org/
3http://www.autodesk.es/products/autodesk-maya/overview
4https://www.unrealengine.com/
5http://cryengine.com/
6http://www.ogre3d.org/
7http://source.valvesoftware.com/
8http://www.desura.com/engines/scimitar
9http://smartfoxserver.com/

10 CHAPTER 2. INTRODUCTION



3
Architecture

This chapter describes the software architecture and the data model used in this work. The main
goal is to define user profiles based on gameplay data extracted from a video game. With this
information, the user profile is elaborated by calculating certain metrics from the data. Thus,
it is possible to determine the user features which describe its profile. Besides, the evolution of
each user is analyzed using time series and users are classificated according to their evolution.
Therefore, it is possible to classify the users in groups with similar learning abilities.

This analysis is useful to perform the game experience by improving; for example, the
artificial intelligence of the enemies present in the video game or the mechanics and configuration
of the video game. This analysis is also useful to apply matchmaking techniques through the
learning abilities of each user.

The architecture is divided into several modules (see Figure 3.1). The modules of the
architecture are the following:

• Game module (1). 3D environment where the user controls the main character and
overcomes a certain number of challenges. The user actions are stored for future retrieval.

• Data extraction and storage module (2). It is responsible for connecting the video
game with the database where user actions are stored. It extracts and stores in the
database the actions performed by the users in the video game.

• Data representation module (3). It plots the data stored in the database. This
module helps developers to represent user actions and decisions during the gameplay.

• Basic user profile module (4). It uses the stored data to calculate certain metrics
in order to quantify the characteristics and abilities of the users. With these metrics, it
defines the user profile. The user profile could be represented by spider graphs.

• Profile evolution module (5). It analizes the user profile evolution during a certain
number of games. To do this, it will use time series and clustering techniques to group
users with similar learning abilities.
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Figure 3.1: Architecture schema
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Figure 3.2: Video game environment.

3.1 Game Module

Dream is a 3D computer video game corresponding to the Action-RPG[]1 genre. This type of
video game incorporates elements of traditional RPGs, such as statistical character development;
attached to real-time combat, characteristic of the Hack and Slash[]2 video games. This video
game has a very similar gameplay dynamic of games like: Skyrim3, Dark Souls 24 or The
Witcher 35.

Dream has been developed using Unity3D6 and C# as programming language. Unity3D is
a video game engine platform that incorporates a development environment which enables to
program the functionality of the video game. For 3D video game elements, 3D modeling and
animation programs were used (such as: Autodesk 3ds Max7, Autodesk Maya8 or Blender9).

In Dream, the user controls the main character and its aim is to overcome a certain number
of quests that consist of defeating a certain number of key enemies. In order to achieve this
goal, the user has a set of skills that, combined with its basic attack, will face enemies that will
stand in his way.

The character has a series of control bars that will show its status during the game (see
Figure 3.2). The control bars are the following:

• Health bar. It indicates the amount of life that the character has. When life downs to
zero, the character is defeated and the player has to start from the begining. The health
is regenerated steadily over time.

• Mana bar. It indicates the amount of magical energy that the character has for its skills.
The skills consumes a certain amount of mana. If the character does not have that amount

1http://en.wikipedia.org/wiki/Action_role-playing_game
2http://en.wikipedia.org/wiki/Hack_and_slash
3http://www.elderscrolls.com/skyrim
4http://www.darksoulsii.com/es/
5http://thewitcher.com/witcher/
6http://unity3d.com/
7http://www.autodesk.es/products/autodesk-3ds-max-design/overview
8http://www.autodesk.es/products/autodesk-maya/overview
9http://www.blender.org/
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of mana, the character is not able to use that skill. The mana is regenerated steadily over
time.

• Stamina bar. It indicates the number of attacks that the character is able to do. Each
weapon consumes a certain amount of energy every time that the character attacks. When
it has not enough energy, the character is not able to attack. The energy is regenerated
steadily over time.

• Experience bar. It indicates the total experience of the character. The experience is
obtained by defeating the present enemies in the video game. Upon reaching the maximum
experience, the character will level up and will earn points to increase his attributes. After
going up a level, the experience bar will be empty again.

As mentioned above, the user is able to increase certain attributes of his character when he
reaches a new level. These attributes improve certain abilities of the character. The available
attributes are the following: strength, agility, magic, physical resist, magic resist, vitality, mana
and luck.

The character also has an inventory where he stores the items that he collects during the
game. Items may be from potions that instantly increase the health, the mana, or the energy
of the character; up to pieces of armor and weapons. The pieces of armor and the weapons
that the character collects during the game may be equipped. The character’s equipment will
consist of the following items: helmet, chest armor, pants, boots and a weapon.

The character has four skills, each one with different effects. The first skill inflicts high
damage to a single enemy. The second skill inflicts moderate damage to enemies within a
certain distance of the character. The third skill changes mana points for health points. The
fourth skill changes health points for mana points.

The enemies, like the character, have a number of attributes and control bars according to
its difficulty. They also have a type of artificial intelligence. In the game, an enemy has one of
the following artificial intelligences:

• Haunter. This type of artificial intelligence is the most basic of all the enemies present
in the video game. The enemy stands in its original location until it is attacked by the
character or until the character enters into its action range. In the event of any of the
above situations, the enemy begins to chase the character without stopping, across all the
map. When the enemy is in the proper range, he attacks the character.

• Shout. This type of intelligence is an extension of the functionality of the previous
artificial intelligence. The enemy, when his life downs below 25% of its maximum value,
emits a shout that alerts the enemies within a certain range. These enemies chases and
attacks the character. The shout can only be activated once per enemy.

• Group. This type of intelligence is an extension of the functionality of the previous
artificial intelligence. The enemies form groups. When an enemy is attacked by the
character or the character enters in its range of action, all the enemies in that group chase
and attack the player.

The game map is divided into six distinct areas. These areas can be seen graphically in
Figure 3.3. A brief description of the features of each one of these areas is shown below:

• Tutorial. In this area the character is guided along a path and the basic controls of the
video game are explained. This part of the game may be skipped and the character will
go directly to the next area, called rest area.
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Figure 3.3: Video game areas.

• Rest area. This is the area where the character begins if he decides to skip the tutorial.
The area consists of four doors, connecting each one to the four areas of the video game.
Each one of these areas contains different types of enemies with different types of artificial
intelligence. The enemies also have different attributes. Also, each zone contains a boss.
To move between each zone, the character must kill the final boss. When the final boss is
defeated, the next area is unlocked.

• Phase one. This area contains the weakest enemies in the video game. The artificial
intelligence of these enemies is based on the haunter type. The levels of the enemies in
this area varies between 1 and 3.

• Phase two. In this area, the enemies with levels between 2 and 4 are found. The artificial
intelligence of these enemies is based on the haunter type, except for level 4 enemies, which
are based on shout artificial intelligence.

• Phase three. In this area, the enemies with levels between 4 and 6 are found. The
artificial intelligence of these enemies is based on the shout type.

• Phase four. In this area, the enemies with levels between 6 and 7 are found. The artificial
intelligence of these enemies is based on the group type. There will also be a number of
enemies who have an artificial intelligence based on the haunter type. When the final boss
of this area is defeated, the video game is completed.

3.2 Data Extraction and Storage Module

This module is responsible for extracting usage statistics of each character and user, storing
these statistics in the video game database. This module is presented in both the game and
the server (where the database is located). Therefore, it is the communication bridge between
these two services.
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The module is divided into two parts: the collection of statistics within the video game
and the transmission of the data for storage in the video game database. These two parts are
detailed below:

• Data extraction. This process is produced during the gameplay and is transparent to
the user. It means that the user knows nothing about the process of data extraction.
Due to there are different types of statistics that are extracted from the video game, not
all of them are collected in the same way. The movement of the character, for example,
is obtained every 2 seconds. However, the increase of the character attribute is only
obtained when the character increments that attribute. Therefore, one can distinguish
between synchronous and asynchronous statistics. Some of the statistics that are collected
are: tracking of the character, tracking of the enemies, attacks realized by the character,
attacks realized by enemies and initial positions of the objects and enemies, among others.
Statistics collected are sent directly to the server, they are not stored in any temporary
files, so an Internet connection is required for proper operation of the game.

• Data storage. This process is carried out when the communication between the video
game and the web server where the database is located is established. The game establishes
the communication with the web server by using HTTP protocol. It sends the character
statistics using POST parameters. In this way, they are sent to the server where the
statistics are processed and stored in the database. The statistics are sent after being
collected. The database that is used to store the statistics is a MySQL database. This
database has a number of tables equal to the number of statistics collected by the video
game.

The extraction and storage methodology that has been raised is used by the most popular
current video games that collect usage information from its users. Some examples os those video
games are: World of Warcraft10 and Call of Duty11.

3.3 Data Representation Module

This module is responsible for representing the statistics stored in the video game database. To
do this, R12 is used. A series of queries will be realized on the video game database to obtain
the statistics that can be represented. After obtaining the statistics, they are processed and
plotted using R over the video game map. Thus, the statistics may be viewed within the video
game environment itself, providing a full view of the user behaviour. Additionally, it is also
useful to do graphs where can be observed certain relevant statistics about the functionality of
the video game.

It is possible to represent the movement made by the players and enemies into the total
number of games played. With this information, it can be analyzed the behavior of players and
which parts of the areas are the most explored. Similarly, it can be analyzed the movement
made by the enemies which is useful to think about variations in their movement covering the
spaces which are the most explored.

It can also represent the position of the items present in the video game (such as potions
and equipment items) compared to the users movement. With that representation, it can be
analyzed if the users movement is based on obtaining the most part of the items available on
the map. It is expected that the users will move around the items instead of avoiding them.

10http://eu.battle.net/wow/es/
11http://www.callofduty.com/
12http://www.r-project.org/
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Figure 3.4: Basic representation example.

Likewise, it can represent the movement made by the players compared to the starting
position of the enemies present in the area. It is expected that, contrary to the case of items,
players will avoid fighting with the most part of the enemies.

After obtaining the position where the players where killed, it knows if the difficulty level in
each one of the video game areas responds properly. In lower areas is expected that the number
of deaths is less than in the higher areas due to that, in higher areas the enemies are stronger
than in the lower areas.

Together with the above, the usage of potions is an example of the difficulty of fighting
against the enemies. If a player uses a greater number of potions in the lower areas than in the
higher areas, it may indicate that the difficulty does not work according to the expected. That
is why the representation of the positions where the players use potions will be an important
fact to consider. The type of potion used is also important.

The increase of the players attributes is a statistic to consider.If there is an attribute that
predominates over the others, it is possible that may have some additional advantage and,
consequently, it may affect the evolution of the video game. That is why it will be analyzed the
number of attributes increased over the total number of attributes.

The damage done by the players attacks compared to the maximun enemies life indicates
if the game responds well to higher level characters or, on the other hand, the higher level
characters are stronger than the higher enemies

In Figure 3.4, it can be seen an example of one possible representation of the data stored in
the video game database.

3.4 Basic User Profile Module

This module is responsible for calculating and representing profiles of each one of the players
present in the video game. To do this, it is employed usage statistics drawn by the previous
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module, which are stored in the video game database. The profile consists of a certain number
of metrics. Each one of these metrics quantifies a certain characteristic of the character in order
to classify them into groups with similar profiles. All these metrics are normalized and take a
value between [0,1], with 0 being the lowest possible value and with 1 being the highest value
for a particular metric.

The metrics which are used for the construction of the profiles are the following:

• Strength. This metric indicates whether a player (pl) has an aggressive profile. A player
with a high value will be the one that prefers physical attacks (PA) instead of magical
attacks. This kind of user usually increases attributes like strength (SA) and agility
(AA) instead of the other attributes (tot(A)). Also, the metric considers the number
of enemies that the player has killed (EK) over the total of enemies present in the game
(ET). Finally, the level reached by the player (LP) also influences the final value achieved
in that metric. The value is defined by the following formula:

stpl =
1

4

(
EKpl

ET
+
SApl +AApl

tot(A)pl
+

max(PApl)

max(PAall(pl))
+

max(LPpl)

max(LPall(pl))

)
(3.1)

• Agility. This metric indicates whether the player (pl) solves the puzzles easily and
if he has chosen to kill only the minimum number of enemies to overcome each of the
phases. A player with a high value will be the one who solves each different phase in
the shortest possible time (PT(i)), compared against the times of the rest of players
(all(pl)). Moreover, the metric also considers the number of enemies killed (EK) to
complete each phase. The lower the number of enemies killed, the higher the value of this
metric. The value is defined by the following formula:

agpl =
1

2

(
4∑

i=1

PT (i)pl
max(PT (i)all(pl))

+
1

EKpl

)
(3.2)

• Items. This metric indicates whether the player (pl) behavior is based on the acquisition
(ac()) and use (use()) of objects that can be found in the video game or, on the contrary,
he dispenses with the items to complete the game. A player with a high value is the one
who collects as many objects scattered around the map and use those objects for his own
benefit. The use and acquisitions of potions (PO) and equipment (EQ) increases the
value of this metric. The value is defined by the following formula:

itpl =
1

4

(
ac(PO)pl
tot(PO)

+
ac(EQ)pl
tot(EQ)

+
use(PO)pl
ac(PO)pl

+
use(EQ)pl
ac(EQ)pl

)
(3.3)

• Defense. This metric indicates whether the player (pl) chooses to avoid damage and
confrontations. A player with a high value increments attributes that increase resistance
(RA) over other attributes (tot(A)). The minimum hit (min(H)) by an enemy is also
considered. Finally, the total number of deaths that the player suffers (DE) and the
enemies killed (EK) are part of the metric. The value is defined by the following formula:

dfpl =
1

4

(
1

EKpl
+

RApl

tot(A)pl
+

1

min(H)pl
+

1

1 +DEpl

)
(3.4)

• Intelligence. This metric indicates whether the player (pl) bases its offensive strategy in
the use of magic skills (MS), and whether he increases his level (PL) killing the minimun
possible number of enemies (EK/PL). A player with a high value uses offensive skills
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User  3

strength

agility

intelligence

defense

items

Figure 3.5: Basic profile example.

compared to other players (all(pl)). He also increases magical abilities MA over other
attributes (tot(A)). The value is defined by the following formula:

inpl =
1

3

(
MSpl

max(MSall(pl))
+

MApl

tot(A)pl
+

(EK/LP )pl
max(EK/LP )all(pl)

)
(3.5)

Figure 3.5 shows an example of the representation of the metrics calculated of one of the
video game players.

3.5 Profile Evolution Module

This module is responsible for making the necessary operations to group the users into different
groups according to the similarity in the evolution of their profiles along each one of the games
played. It will also be responsible for selecting a representative user for each one of the groups
obtained.

This allows the analyser to consider not only the global information of each player, but also
his learning abilities. Thus, the gameplay experience may be customized for each user by using
the previous analysis.

The analysis steps are as follow:

• The first thing to be done is to calculate the value of each metric for each game played
by all users present in the system. Thus, the module has the resulting profile of each user
in each game that the user has played. This way, the module has the neccesary data in
order to realized temporal series clustering and compare the users profile similarity.

• Once the user profiles are calculated, the time series statistics of the players are generated.
The statistics represent the evolution of each metric of the user profile during all the
games. The temporal statistics are generated by round, this allows to compare the player
evolution during different rounds.

• With the time series data for each user, the time series data of the players per metric are
clusterized. By using this information, the model generates a matrix with the metric clus-
ter and the player associated. Thus, the evolution of each metric is analized individually
and compared to the others. The matrix has the following configuration:
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C(st)1 C(st)3 C(st)4 . . . C(st)1

C(in)2 C(in)3 C(in)2 . . . C(in)4

C(it)1 C(it)2 C(it)1 . . . C(it)3

C(df)3 C(df)2 C(df)3 . . . C(df)3

C(ag)4 C(ag)3 C(ag)1 . . . C(ag)4

 (3.6)

In this matrix, each row represents a metric and each column represents a player. The

elements of the matrix C(metric)
i represents the assignation of each user to a determined

cluster during the time-series clustering process. Thus, it can analize which one of the
users are more similar according to the cluster value of each one of their metrics.

• Using the previous matrix, it generates a dissimilarity matrix around the players. This
dissimilarity matrix is used to clusterized the players using a medoid based clustering
algorithm.

To calculate the dissimilarity matrix, the model calculates the dissimilarity between each
user. The dissimilarity measure applied for players is the following:

diss(pi, pj) = 1−
∑

Cq
δiCq
· δjCq

M
(3.7)

Where M is the number of metrics considered, pi, pj are the players to be compared, Cq

represents the posible clusters per metric, and δiCq
is the Dirichlet delta defined by:

δiCq
=

{
1 if pi ∈ Cq

0 otherwise
(3.8)

Where the value is 1 if the cluster is the same in both users or 0 if is different.

• The medoid based clustering algorithm is applied with the dissimilarity matrix. It clusters
the user into different groups according to their evolution similarity. It also determines
the most relevant medoids of the datasets which corresponds with the most representative
players.

The medoid based clustering algorithm is chosen because a representative user of each
cluster is obtained and the features of the search space are unknown.
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4
Experiments

In order to evaluate the previous modules defined in Chapter 3, this chapter shows how Dream
has been tested from different points of view.

In the first part, the tests are focused on the video game itself. These tests are realized before
the video game is provided to the users to start playing and, consecutively, before beginning
to extract the statistics of usage. The existing problems and the possible solutions to these
problems are presented.

In the second part, the experimental setup of the analysis is described. This includes the
total number of players and items that have been used for the study and the parameters that
have been used in the algorithms. It also provides the methodology of time series clustering
and user profiles clustering that have been used during all the experiment.

In the third part, an analysis of the data extracted from the video game is realized. These
data indicate: the movement of the users, the movement of the enemies, the most used objects,
the number of the attacks realized by the users and the enemies, the most used attribute, etc..
The analysis of these data provides certain conclusions that will help significantly to improve
the gameplay experience.

Finally, the last part details the profile analysis of the groups of users obtained and the
representative user of each group. A description of each extracted profile is performed. These
profiles are obtained as a result of applying time-series clustering algorithms as was explained
in Section 3.5.

With all this, a complete view of the main objective of this work is displayed. Additionally,
it will pave the way for improvements that arise from the analysis, allowing to increase the
functionality and the gameplay experience of the video game and adapt it to each user.

4.1 Testing Phase

In this first phase, it proceeds to perform a set of tests on the video game and on the architecture
before it will be provided to the users, in order to begin to extract the statistics that will be
used on the experiments.
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The device that has been chosen to play the video game is a computer. This computer must
have a minimum requirements for the video game to work correctly. These requirements extend
both hardware and software level.

4.1.1 Hardware Requirements

The necessary hardware requirements are explained below. The computer must have, at least,
the following components:

• A processor with, at least, two processing cores. The optimal is a quad core proccesor.

• A graphics card with 512MB of memory. The optimal is a graphics card with 1GB of
memory.

• A total of 512MB of free RAM memory. The optimal free space is 1GB of RAM.

• A total of 50MB of free space in the hard drive.

• A normal internet connection with 10Mb is enough to the video game to work correctly.

• A keyboard and a mouse are required to play.

4.1.2 Software Requirements

The necessary software requirements are explained below. The computer must have, at least,
the following software installed:

• A computer with a Windows XP operating system or higher is required. The game is not
supported on computers with other operating systems. There is no implementation for
UNIX and UNIX-derived systems.

• Due to the video game may be played in an internet browser, a plugin is required. This
plugin may be downloaded from Unity1.

4.1.3 Starting Guide

Once the user has a computer capable of supporting the implementation of the game, all he
needs is to run the video game itself. The video game is an executable file that will launch all
the 3D environment. Thus, no installation process is required.

Just begin, the user is asked to identify himself within the video game to be able to monitor
his actions. The identification process needs a valid username with a valid password. The
username is chosen by the respective user and the password is randomly generated. Such
identification performs a check against the database of the video game. That is why the video
game requires an internet connection. Without the identification process, the user will not be
able to start playing.

Once the user has logged in, he can start playing normally.

1http://unity3d.com/
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4.1.4 Server Characteristics

Here, the components required by the video game to provide a good service are detailed below.
Alongside this, the possible problems that may arise in extreme conditions and the possible
solutions are also detailed.

The video game must have a server where the database and the web-services are running.
The former contains the player statistics while the latter is the bridge between the video game
and the database. In this case, a Linux server, specifically a Debian, is chosen. The database
that is used is a MySQL database. A Linux server and a MySQL database have been chosen
due to both are free software.

Therefore, the system must arrange to keep active the server during the extraction of statis-
tics because, if the server is not available, the statistics may not be stored in the database and
the users will not be able to access to the video game.

The server security is also one of the most important requirements. In this case, the di-
rections for accessing the web-services and the database are managed by different users with
limited permissions.

The database must be able to allow a certain number of users to connect at the same time.
These connections are concurrent. The maximum expected number of concurrent connections
is 30. The MySQL databases have, by default, a number of 100 concurrent connections. This
value can be changed in the configuration file. This may be a problem in the case where the
number of concurrent user connections increases and the specified value in the configuration
file does not cover all the users that are attempting to connect to the video game database. If
our system needs more than 100 concurrent connections, one possible solution is to increase the
RAM capacity of the system and other solution is to change the threading library used by the
database. These libraries are system dependent and may reach 4.000 concurrent connections.
If the system still needs a higher number of concurrent connections, the best solution is build
an architecture with different databases and an user load balancer.

The delivery of the usage statistics, as mentioned above, depends crucially on the user
internet connection and the server availability. If a user loses the internet connection while is
already playing the video game, the video game will not be able to report the usage statistics
and his profile analysis will be incomplete. To manage this issue, the development of temporary
files containing the statistics that have not been possible to send is proposed. Thus, when
the system reclaims the connection, it sends these statistics, making the data consistent and
providing a complete study of the user profile.

Regarding potential bottlenecks in the system, apart from the concurrent connections to the
video game database, it can be noted the number of HTTP requests to the server. Due to that
the web-services are based on HTTP requests, the number of simultaneous HTTP request that
are sent to the server may be a bottleneck. As shown in the case of the video game database,
it may be solved with a load balancer that redirects the requests to a different server for their
properly treatment. It is important that these load balancers always redirect the user requests
to the same server, in order to avoid the fragmentation of the user data.

4.2 Experimental Setup

In this section, the environment on which the study is developed is properly detailed. The
environment consists of the number of examples that have been treated and the procedures
used to perform the user profile analysis. Among the procedures, it is also explained the
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specifications employed in each one, such as metric used in each algorithm or configuration
values.

4.2.1 Data Collected

Regarding the number of examples used, the study is realized on a total of 36 users and a total
of 107 games. This indicates that, on average, each user has made 3 games although, as will be
shown later, the study is only performed on those users who have a total of 5 or more games.
Thus, their profile evolution is more accurate.

The number of users may seem small but it is a fairly high number for the conditions of the
study. These users have provided a fairly high number of examples which largely compensated
having a small number of users.

Rearding the number of examples of each usage statistics retrieved, there is a fairly large
number of them to make an intensive study. In relation to the movement made by the players,
there is a total of 18.500 examples. In the case of the movement made by the enemies, there is
a total of 16.700 examples. In general, as mentioned above, the number of examples is enough
to perform a deep study. This study will show how these statistics can be used to improve the
gameplay experience.

After specifying the number of examples of both users and data that the system will handle
during the study; the methodology that is used for the user profile analysis is detailed.

4.2.2 Algorithms Parameters

As mentioned above, the experiments have been carried out with around 30 users. These users
have been playing to Dream during several rounds. Each round has been a complete game
which has finished when the user has complete all the phases or when he has been defeated
by an enemy. All the data per round has been colected in order to extract the user profile.
Also, the evolution of the metrics during each round has been used to measure the user profile
evolution.

The algorithms which have been used for the analysis are a combination of time-series clus-
tering and Partition Around Medoids2 (PAM) clustering. For time-series clustering, TSClust3

package has been used. TSClust is a R package which contains certain functions that allows
working with time-series.

The time-series clustering process has been carried out in the following steps:

1. The times-series have been set in the search space.

With the user data extracted, a time-serie is generated for each user and for each user
metric. After doing this, all the users have, for all their metrics, time-series values that
are used to clusterize their evolutions.

2. The time-series dissimilarity is calculated to generate a dissimilarity matrix.

In this case, the metric used is the dissimilarity metric called Autocorrelation-based Dis-
similarity. This measure performs the weighted Euclidean distance between the simple
autocorrelation coefficients. It is defined as:

2http://cran.r-project.org/web/packages/cluster/cluster.pdf
3http://cran.r-project.org/web/packages/TSclust/TSclust.pdf
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d(x, y) = {(ρx − ρy)tΩ(ρx − ρy)}
1
2 (4.1)

where ρx, ρy represent the autocorrelation vectors, and Ω is a inner product which depends
on a geometric weights decaying factor p, as follows:

Ω =


p(1− p)1 0 . . . 0

0 p(1− p)2 . . . 0
...

...
. . .

...
0 0 . . . p(1− p)n

 (4.2)

PAM needs the number of clusters that are use. In this case, the number of clusters that is
selected is 3, because it provides the most stable solutions, according to the Within-Sum
quality metric. That value has been selected because the study presents 3 groups of users
according to their learning abilities: low, middle and high.

The last value that PAM needs is the decaying factor p. The p value which provides more
stable solutions in this analysis is 0.075.

3. PAM is applied to group the time-series by their similarities.

Once the time series are clusterized, the similarity matrix among the users is generated
for the user profile evolution phase (see Section 3.5). The final clustering process is also
carried out using PAM. This algorithm uses a dissimilarity matrix as a search space and
chooses the most relevant instances in this dissimilarity matrix. All the data instances are
candidate solutions for the algorithm, and the final solutions are composed by the most
representative data instances, called medoids. In this case, these medoids correspond with
the most representative user of each cluster.

4.3 Game Representation Analysis

This section shall carry out an analysis of the representations made with the data stored in
the database. As was seen in Section 3.3, the users behavior based on the representation of
their actions on the map of the video game is analyzed. Additionally, also shall carry on an
quantitative data analysis.

As shown in Figure 4.1, the movevements made by the characters all over the map of the
video game can be represented. It can be seen that, usually, the users prefer to move around
the sides of the areas instead of venture inside of the areas. This indicates that the sides of
the areas are safer because of the low number of enemies or because there are items placed in
that sides. On the one hand, it can also be seen that the more explored areas are the first and
second, where the characters explore practically all the area. On the other hand, the third and
fourth are the less explored areas, also due to the small number of players who have been able
to overcome the first and the second area.

As shown in Figure 4.2, the initial position of the enemies and the movements that they
have can also be represented. It can be seen that the most of the enemies are distributed in
the interior of the areas, leaving the side of these areas free. This explains the behavior of the
users as discused above. In relation to the movement of these enemies, it can be seen that the
first area has been the one that had the most activity. The entire area has been covered. The
movement made by the enemies decreases in higher areas, due to the lower activity of players
in those areas of the video game.
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Figure 4.1: User movements.

As shown in Figure 4.3, the initial position of the objects is represented along with the
movements realized by the characters all over the map of the video game. It can be observed
that the most of the objects are positioned in the side of the areas, leaving the low part of the
objects in the interior of these areas. It can also be observed that the players movement is aimed
at obtaining such items, being clearly reflected in the movement performed by the players in
the tutorial area.

Considering the three previous representations, it can be concluded that the players move-
ment is aimed to avoid combats and to obtain all the items that they are able to. It can also
be concluded that the players movement is realized in the sides of the areas, instead of in the
center. In order to improve the gameplay experience, it is possible to make that the enemies
patrol around the items. That will force the players to combat them if they want to obtain a
determine item. With this video game version, the enemies stand into their spawning position
till they are activated. It is also possible to make the enemies move randomly around certain
area. This will force the users to change their rute to avoid the combats.

As shown in Figure 4.4, the position of the attacks realized by the characters can be repre-
sented along the position of the attacks realized by the total number of enemies. Both plots are
very similar, indicating that the combats between the characters and enemies have been static.
Once the character is facing the enemy, the combat occurs without any movement of the two
opponents. It can be deduced that the combats do not offer too much choice to the user. Thus,
the combats are monotonous.

As shown in Figure 4.5, the position where the enemies were eliminated and the position
where the characters were eliminated can be show. The largest number of character deletions
have occurred in the first zone, followed by the area of the tutorial. As for the enemies, most
of the enemies in the first area have been eliminated, prompted in part by the need of the
characters to gain experience to level up. The number of enemies killed by the characters
descends in higher areas. This indicates that the level of the video game difficulty descends in
higher areas. The difficulty should increase in higher areas so the parameters of the enemies
must be changed in order to improve the gameplay experience.
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Data Extraction Methodology to Improve the Gameplay Experience in Video Games and to
Analyse the User’s Profile Behaviour and its Evolution
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Figure 4.2: Enemies movements and initial positions.
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Data Extraction Methodology to Improve the Gameplay Experience in Video Games and to
Analyse the User’s Profile Behaviour and its Evolution
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Figure 4.3: User movements and items positions.

28 CHAPTER 4. EXPERIMENTS



Data Extraction Methodology to Improve the Gameplay Experience in Video Games and to
Analyse the User’s Profile Behaviour and its Evolution
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Figure 4.4: User during attacks positions and enemies during attacks positions
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Figure 4.5: User final attack positions and enemies final attack positions
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Figure 4.6: User global profile extraction based on the five metrics. These results represent the
most relevant users of the profile extraction process.
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Figure 4.7: Evolution of one user in the different games that he has played. This results are
used for the time-series clustering process.

4.4 User Profile Analysis

The application of the time series clustering techniques have some three relevant profiles as
the chosen medoids for the final analysis. Figures 4.6 and 4.7 show the global profiles and the
evolutionary profiles, respectively, of the chosen users. These results discriminate three different
user behaviours and evolutions:

• Inexperience Gamer Profile: This profile is associated with User 15 and covers the
60% of the total users. Analysing the general profile of this kind of player (see Fig. 4.6)
we can discover that the values related to strength, items and intelligent are low, the
agility is the lowest and his strategy is only focused on the defense. The evolution of the
player (see Fig. 4.7) shows that this kind of gamer has usually been defeated several times
and he only starts to learn after several rounds. In this case, the learning improvement is
remarkable for all values but the agility. It means that this kind of gamer does not deeply
adapt to the game.

• Average Gamer Profile: This profile is associated with User 29 and covers the 20%
of the total users. The average profile, in general terms (see Fig. 4.6), has balanced and
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low results according to all the metrics except for the intelligence. These users tries to
profound in the game-play and interact more with the environment. According to their
evolution (see Fig. 4.7), it is clear that their learning process is fuzzy but there are some
trends which indicates that they are trying to improve a metric per match, specially the
defense, agility and items used.

• Hardcore Gamer Profile: This profile is associated with User 26 and covers the 20% of
the total users. The hardcore gamer shows good general statistics (see Fig. 4.6) according
to all metrics (the best for the three representative users). This means that these users
quickly adapt to the game enviroment and have a deep game-play experience. Their
evolution is a little fuzzy (see Fig. 4.7), which is usual with this kind of user because the
real adaptation becames during the first or second round. These users specially focused
their evolution on the strength and agility trying to optimize their game-play decisions.
They modify their behaviour according to satisfy this goal, using a deep knowledge of the
game, as it is shown in the high values of each metric.

With the information of the users profile, we are able to choose those users which could
be more interested on the different extensions and propose different options to each profile,
for example, helpful objects and equipments for average users, new habilities which makes the
game easier for inexperienced gamers and more complex phases for hardcore users (which can
provide and interesting challenge for them). Also, given a new user, we are able to identy the
most accurated profile according to his features and evolution.
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5
Conclusions and Future Work

5.1 Conclusions

In this work it has been developed a methodology that, through the analysis of usage statistics
of a particular video game, it allows concluding improvements of the video game and grouping
users in terms of their evolution in their skill level. To perform this analysis, it has been
developed a video game that serves as an environment where users perform actions that are
extracted and stored in a database for later analysis. Once stored, they can be represented
and used to see, in graphic form, the evolution of the users actions on the video game map
or to obtain usage data. Besides being represented, these statistics are used to analyze the
profiles of the users present in that video game. To do this, time series clustering techniques
and clustering algorithms based on medoids are used, such as PAM. With this algorithm, it
can be also analyzed the most representative user of each of the groups obtained, giving a more
particular view of each user profiles.

After performing the experiment, it can be found different constraints that can be high-
lighted:

• In case that the system has a very high number of users, the proposed architecture would
have to be changed to one that supports that number of users.

• It could have benefited from a greater number of users that allows to obtain more repre-
sentative samples.

The results demonstrate that:

1. The model allows to draw conclusions on the optimal configuration of the variables of the
video game to give the video game a better experience for the user.

2. The model used allows to know the users profiles to allow make better decisions when
making modifications to the video game. With the users profiles, the most used playing
style is known, so it is easy to conclude what changes cause a greater impact among those
users.
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5.2 Future Work

There are also some issues that could be developed and studied in the future:

• With the results obtained from the analysis of the representation of the game, it could
make changes to the configuration of the video game in order to balance or improve the
aspects that have not been satisfactory. Thus, a second version of the game that would
improve the gameplay issues would be launched.

• Improvements could be applied to artificial intelligence algorithms of the enemies to im-
plement the proposed behaviors. This would increase the dynamism of the video game
making the gemeplay experience for the user more satisfying.

• Improvements could be applied when sending statistics to the server in order to deal with
the potential problems of the connection lost. A system that stored the statistics in a
file and, if the connection is lost at some point, sent the missing statistics in order to not
cause partition in the information could be developed.

• MatchMaking techniques could be applied matching users with the same kind of evolution
of its profile. To do this, the video game should be improved to add the online component.

• It could be improved the video game to allow interaction between users. To do this, the
tool called SmartFoxServer provides an environment integration with Unity for managing
the configuration of online video game effectively.

• It could be improved the performance of the video game allowing a decrease in the min-
imum requirements to play. Likewise, it could be developed the video game for UNIX
platforms.

• In case of having a large number of users, it would proceed to make a new server-side
architecture that should manage the new user connections. To do this, SmartFoxServer
has configuration options to accomplish this task.

• It could be improved the analysis techniques and extend them to contemplate more data
analyzed in this work. As already mentioned, this work is a model that can be extended
to consider a greater number of features when performing the analysis.

34 CHAPTER 5. CONCLUSIONS AND FUTURE WORK



Glossary

• FPS: First Person Shooter

• TPS: Third Person Shooter

• RTS: Real Time Strategy

• RPG: Role-Playing-Game

• PAM: Partitioning Around Medoids

• TBS: Turn-Based Strategy

• RAM: Random-Access Memory

• ROM: Read-Only memory

• NPC: Non-Player Character

• MMOG: Massively Multiplayer Online Game
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