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About the Book

Welcomes to the Artificial Intelligence and Games book, This book aims to be the first o«
and use of artificlal Intelligence (Al) In, and for, games, Our hope |15 that the book will be |

rraduate or advanced undergraduate courses on game Al as well as game Al practitiond

Final Public Draft

The final draft of the book is available

Yourreadingdrom gameaibook.org
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Overview

w Player Modeling
w Why?
w How?
w Main tasks for Al/Machine Learning

w Holistic view
w FromAffectiveComputing to Game Studies to Game Analytics
w Examples

w Player Behavior
w Player Experience



What Is PlayeModeling?



PlayerModeling

wPlayer Modeling

w Non human players
w Human players

wPlayer Modeling vs Opponent Modelint
wPlayer Modeling vs Player Profiling

w Modeling: complex dynamic phenomenon
w Categorization of players based on static information



PlayerModeling

The study ofcomputationalmeansfor the
modelingof I LI ExpesidhEear behavior
whichis basedn theoretical frameworksbout
player experiencand/or data derivedfrom the
Interaction of the player witla game



WhyModel Players?



Goals and Aims

Goal
N anderstand how the interaction with a

game is experienced by players. 0

Why use Al for Player modelling?
A Understanding player experience
A Understanding player behavior



Why Model Players?

wWhy not?

w Machines understand
numbers

w Player Experience Is the holy
grail for design and
development

w But most Importantly
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w The perfect game Is
tailored to you!

wWe are different (and
many more than before

wLFT ez2dz t S| NJ
only fair that the game
learns you




Core PlayeModelingTasks

Supervised/Reinforcement Learning
Imitation
Prediction

Unsupervised Learning
Clustering
Association mining
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Player
Modelling

G. N.Yannakakiand JTogelius@Artificial Intelligence and GamesS$pringer Nature, 2018.



Player Experience vs Playhavior

Experience how youfeel during play

w A set (a synthesis) of affective,
cognitive and behavioral states

w Or elseuser states
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oying

Excited
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w Cognition/Behavior: several
Y2RSta o0So3o .

Behavior what youdo during play

Bored

Sleepy
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A HighLevel Taxonomy



Player Model

Model-Based Top-Down]
(Psychology, Cognitive Science, Ga
{ GdzRAS&ax X0

Model Free[Bottom-Up]

(Data Science, Machine Learning)




Player Model

Model-Based Top-Down]
(Psychology, Cognitive Science, Ga
{ GdzRAS&ax X0

Model-Based




Psychology and Affective Sciences



Psychology and Affective Sciences

0Affective computingis the study and
development of systems and devices that can
recognize, interpret, process, and simulate
humanaffectt 62 A1 A0

Term coined by R. Picard (199!




Emotion

Emotion Is a subjective, conscious experience

characterized primarily by psychophysiological

expressions, biological reactions, ameéntal
states (Wikipedia)

NB: Emotion (and affect) iscanstructwith fuzzy
boundaries!



Cognitive Appraisal

High adrenaline,
increased HR, pupil

Mamfestanon(s) dilation, increased skin
conductivity

You scream, swim away, fight (?!)




Emotion Representatiog Eckman

Emotions

- Arediscrete(states)

- Are measurable

- Can be identified through % y 3 _
their physiological or _— —
bodily manifestations

The 6 basic emotions are

culture-independent
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Emotions

Arescalar values
Represented in a-8 plane:
arousalvs.valence

Are measurable

Valence

Can be identified through “*"
physiological or bodily
manifestations

Pleasant ( +)



Games Best Realizes the Affective

Yannakakiand Paiva Emotion in Gamesin Handbook of Affective Computing013

manifestatiom

Elicitation Detection/Modelling

Emotion stimuli Game parameter spacg
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Neuroscience




Neurobiology of Play

Neuroscience via fMRI

w Interest(or curiosity):visual cortex Piama cenue
(hippocampu} andendomorphin

w Explorer (Barter) / Easy Furagzard/
Curiosity (Malone)A Wonder:endomorphin

(pleasurecenter) ==
w Achiever (Bartle®\ Achievementdopamine

(pleasurecenter).
W Hardcor amers / Hard FUFL@.ZZ&TD)A Fierﬂ Bateman, Chris, and LennartNEacke "The neurobiology
eg of play" Proceedings of the International Academic
dopamine (p|ea5ur&jenter) Conference on the Future of Game Design and
) ) TechnologyACM, 2010.
w Serious FunL@zzarpA Excitement:
adrenaline (fear center)
w Socialiser (Bartle) / People FuragzarpA
Enjoyment:oxytocin (socialcenter) and

dopamine (pleasurecenter)




Game Studies and Games Researct




WA Cdzyé¢ | yR FNJ
¢ Learnability
¢ The right difficulty level
¢ Challengeg Curiosityg Fantasy
¢ Hard Fun / Easy Furk/Fun/ ...
¢ Adrenalin / Dopamine
¢ Arousal / Positive Emotions
¢ Flow
¢ X




Fun = Learning

Complex training signals /
patternsA LearningDifficulty
A FrustrationA No Fun!

@

Seen (and mastered) training &
signals / patterngy Boredom A\
A No Fun!




Fun of an Al agent

Learnabillity during the
3 YS O6ReéyIl Y
fitness function)

Togelius J., &Schmidhuberd. (2008, DecembeAn experiment in automatic game desigin Computational
Intelligence and Games, 2008. CIG'08. IEEE Symposi(pp.Q@%1118). IEEE.



GAME

FIERO CURIOSITY

hard
fun
OPEN
GOAL ENDED
people
fun
AMUSE RELAX

LIFE

(c) Nicole Lazzaro, www.xeodesign.com



Way too many
w Complexg composite of other
0KAYy3aX
¢ Engagement, interest,
AYYSNEA2Y S XK ;
w Quasi/Fake Emotion (not real!) i{w }
w Nowhere in any model of emotion ! ,eg

wb2 RSGAOS Oy Y PR()BL IMS

NO MATTER HOW GREAT AND DESTRUCTIVE YOUR PROBLEMS MAY Seem NOw,
ReEMEMBER, YOU'VE PROBABLY ONLY SEEN THE TiP OF THEM,

But
wtS2LIXS OFy ailAaftf
w Ask4e 2 OKAf RNBY AT




Player Archetypes

Bartle, Richard Aesigning virtual worldsNew Riders, 2004.

ACTING

KILLERS
PLAYERS

WORLD

SOCIALIZERS

INTERACTING

Richard Bartle, Designing Virtual Worlds
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When inFlow,

1. focusedconcentration on the present moment

2. lossof reflectiveselfconsciousness

3. senseaf personal control or agency over the situation or
activity

4. adistortion of temporalexperience (subjectivexperience of
time isaltered)

5. experiencef the activity as intrinsicallgewarding



Flow Csikszentmihalyil975)

High Flow

channel

Challenges

Low

Low High
Skills



Malone (1981) : Challenge, Curiosity and Fa

Challenge
A Uncertainty of achieving a goal due to e.g. variatbiféculty level, multiple
level goals, hidden information, and randomness.
Fantasy
A Show (or evoke) images/situations/context not present
A Extrinsic: dependsn the skill used in game
A Intrinsic: relatedo the use otthat skill.
Curiosity
A What will happen next to the game?

A Sensory curiosity
A Cognitive curiosityc it canbe arousedvia incomplete/inconsistent knowledge

structures

T. Malone,Towarda Theory of Intrinsically Motivatingnstruction, Cognitive Science, 1981
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I Yy R Weoddlirtg &ntl Augrienting Game Entertainment through Challenge and

G. N.Yannakakis
Curiosity> gnternational Journal on Artificial Intelligence Towsld, 16, issue 6, pp. 98499, December 2007.




Entertainment (y)
=)
L4, ]

- O

Fig. 4. Fittest feedforward NN (f = 22.82),

G. NYannakak® I Yy R Wwoddlirng&ntl Augniientiig Game Entertainment through Challerayed
Curiosityz énternational Journal on Artificial Intelligence Towld, 16, issue 6, pp. 98199, December 2007.



Evolving Racing Tracks Based on Malc

Togelius J., DéNardi R., & Lucas, S. N2007). Towards automatic personalised content creation for racing gamkes
Computational Intelligence and Games, 2007. CIG 2007. IEEE Sympagsipn268259). IEEE.



micro
involvement

macro
involvement

GordonCallejaln-game: from immersion to incorporationMIT Press, 2011.



Summary of Tofpown Player Modeling

One Theory After all?

Some Examples THE THEORY OF
A Explorer (Barter) / Easy Furagzard/ EVERYTHI'ﬂf S~

K ARI Y

Curiosity (Malone) -

A Achiever (Bartle) / Serious Fun .%" | gvlgggﬁvg
(Lazzard AT

A Killer (Bartle) / Hard FurLézzard/ e TR
Challenge (Malone) / Flow aspects .\';“,'Hh?m '\m HiNG

A Socialiser (Bartle) / People Fun

(Lazzarp/ Shared Involvementalleja I_.

VILBER



Player Model

Model Free[Bottom-Up]

(Data Science, Machine Learning)

Model-free: From Theory to Dat



Game Analytics



Basic Definitions

A Gameanalytics:applicationof analytics to game development
and research.

A Goal:supportdecision making, aiperational, tacticahnd
strategic levelsor design, art, programmingnarketing, user
researchetc.

A Game metricsinterpretable measures of somethimglated to

games
A User/Player metrics

A User: customemameplay community
A Gameplay: interface, igame
A System metrics



w Understanding players
w Behaviour
w Player Experience

w How do people play a game
w Do they play the game as
Intended?

PR()BI l Mb

NO Marties HOW GREAT AND DESTRUCTIVE YOUR PROBLEMS MaY Seem Now,
REMEMBER, YOU'VE PROBABLY ONLY SEEN THE TIP OF THEM,



w Debugging costs!
wCode debugging
w Experience debugging

w Play testing costs!

w Nonlinear games
w Testing Is challenge

w Improve next game release PR()BI l Mb
costs! T e
w X -




Game Data Visualization



Descriptive Statistics in Games

» Very important to visualise data prior to further processing

» Lots of information is hidden in basic statistics and analytics



An Example: Tomb Raider: Underwo

A.Drachen A. Canossa, and G. N. O, BOo D, | b
Yannakakis PlayerModelingusing Sek 4,
Organization inTomb Raider:

Underworldg inProceedingsf the IEEE g0~ -
Symposium on Computational Intelligence

and GamesMilan, September, 2 80+
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Game Level



Heatmaps

A Plot specific information over the map of a level
A Typically, counts of a particular event in a map location
A The higher the count, the higher themperature




Heatmaps in Halo

Source: How Microsoft Labs Invented a New Science of Play, Thompson,
Wired, 2007

Number of deaths

Player navigation



Heatmap in Just Cause 2

Drachenand ShubertSpatial

Game Analyticsin EFNasr et al s |

(Eds.)Game Analytics: Maximizing W Y e 9
the value of Player Data. » . - :




gMenu Heatmap
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Drachenand S%ber pz‘ial G alyticsn EFNasr et al (EdsGame Anah}tics: Imizing the
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Player Click Heatmaps



