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ωPlayer Modeling
ωWhy?
ωHow?

ωMain tasks for AI/Machine Learning
ωHolistic view 
ωFrom Affective Computing to Game Studies to Game Analytics

ωExamples
ωPlayer Behavior
ωPlayer Experience

Overview



What is Player Modeling?



ωPlayer Modeling
ωNon human players
ωHuman players

ωPlayer Modeling vs Opponent Modeling
ωPlayer Modeling vs Player Profiling
ωModeling: complex dynamic phenomenon
ωCategorization of players based on static information

Player Modeling



The study of computationalmeans for the 
modelingof ŀ ǇƭŀȅŜǊΩǎ experienceor behavior

which is based on theoretical frameworksabout 
player experience and/or data derived from the 

interaction of the player with a game

Player Modeling



Why Model Players?



Goals and Aims

Goal

ñéunderstand how the interaction with a

game is experienced by players.ò

Why use AI for Player modelling?

ÅUnderstanding player experience

ÅUnderstanding player behavior



ωWhy not?
ωMachines understand 

numbers
ωPlayer Experience is the holy 

grail for design and 
development
ωBut most importantly 
ōŜŎŀǳǎŜΧ

Why Model Players?



ωThe perfect game is 
tailored to you!
ωWe are different (and 

many more than before)
ωLŦ ȅƻǳ ƭŜŀǊƴ ǘƻ ǇƭŀȅΧΦ ƛǘ ƛǎ 

only fair that the game 
learns you

Why Model Players?



Supervised/Reinforcement Learning
Imitation 
Prediction

Unsupervised Learning
Clustering

Association mining

Core Player ModelingTasks



Player ModelingExamples



Player 
Modelling

Experience
Behaviour

G. N. Yannakakisand J. Togelius, άArtificial Intelligence and GamesΣέSpringer Nature, 2018.



Experience: how you feel during play
ωA set (a synthesis) of affective, 

cognitive and behavioral states
ωOr else user states
ω9ƳƻǘƛƻƴǎΥ !ǇǇǊŀƛǎŀƭ ǘƘŜƻǊȅΣ Χ
ωCognition/Behavior: several 
ƳƻŘŜƭǎ όŜΦƎΦ .5LΣΧύ

Behavior: what youdo during play

Player Experience vs Player Behavior



A High-Level Taxonomy



Player Model

Model-Based [Top-Down]
(Psychology, Cognitive Science, Game 

{ǘǳŘƛŜǎΣ Χύ

Model Free [Bottom-Up]
(Data Science, Machine Learning)



Player Model

Model-Based [Top-Down]
(Psychology, Cognitive Science, Game 

{ǘǳŘƛŜǎΣ Χύ

Model-Based



Psychology and Affective Sciences



άAffective computingis the study and 
development of systems and devices that can 

recognize, interpret, process, and simulate 
human affectέ ό²ƛƪƛύ

Term coined by R. Picard (1999)

Psychology and Affective Sciences



Emotion is a subjective, conscious experience 
characterized primarily by psychophysiological 
expressions, biological reactions, and mental 

states. (Wikipedia)

NB: Emotion (and affect) is a constructwith fuzzy
boundaries!

Emotion



Cognitive 
appraisal

Physiological 
Manifestation(s)

Action(s)

You see a shark!

High adrenaline, 
increased HR, pupil 

dilation, increased skin 
conductivity

You scream, swim away, fight (?!)

Cognitive Appraisal



Emotions
- Are discrete(states)
- Are measurable 
- Can be identified through 

their physiological or 
bodily manifestations

The 6 basic emotions are 
culture-independent

Emotion Representation ςEckman



Emotions
- Are scalar values
- Represented in a 2-d plane: 

arousal vs. valence 
- Are measurable 
- Can be identified through 

physiological or bodily 
manifestations

Emotion Representation ςRussell



Experience
Elicitation

Experience
Detection/Modelling

Adaptation and Emotion Expression

Game Content

Manifestations

Game parameter spaceEmotion stimuli

Game Agents

Games Best Realizes the Affective Loop
Yannakakisand Paiva, Emotion in Games, in Handbook of Affective Computing, 2013



Neuroscience



Neuroscience ςvia fMRI
ω Interest (or curiosity): visual cortex

(hippocampus) and endomorphin.
ω Explorer (Barter) / Easy Fun (Lazzaro) / 

Curiosity (Malone)  ĄWonder: endomorphin
(pleasure center)

ω Achiever (Bartle) Ą Achievement:dopamine 
(pleasure center).

ω Hardcoregamers / Hard Fun (Lazzaro) Ą Fiero:
dopamine (pleasure center)

ω Serious Fun (Lazzaro) Ą Excitement: 
adrenaline (fear center)

ω Socialiser (Bartle) / People Fun (Lazzaro) Ą
Enjoyment: oxytocin (social center) and 
dopamine (pleasure center)

Bateman, Chris, and Lennart E. Nacke. "The neurobiology 
of play" Proceedings of the International Academic 
Conference on the Future of Game Design and 
Technology. ACM, 2010.

Neurobiology of Play 



Game Studies and Games Research



ωάCǳƴέ ŀƴŘ ŦǊƛŜƴŘǎ
ςLearnability
ςThe right difficulty level
ςChallenge ςCuriosity ςFantasy
ςHard Fun / Easy Fun / XFun / ...
ςAdrenalin / Dopamine 
ςArousal / Positive Emotions
ςFlow
ςΧ

άCǳƴέ



Fun = Learning

Complex training signals / 
patterns Ą Learning Difficulty 
Ą Frustration ĄNo Fun!

Seen (and mastered) training 
signals / patterns ĄBoredom 
ĄNo Fun!

A Theory of Fun (Koster, 2005)



Fun of an AI agent 
= 

Learnability during the 
ƎŀƳŜ όŘȅƴŀƳƛŎ άŦǳƴέ 

fitness function)

Togelius, J., & Schmidhuber, J. (2008, December). An experiment in automatic game design. In Computational 
Intelligence and Games, 2008. CIG'08. IEEE Symposium On(pp. 111-118). IEEE.

Evolving Game Rules Based on Koster



[ŀȊȊŀǊƻΩǎ4 Fun-factor Model



Way too many
ωComplex ςcomposite of other 
ǘƘƛƴƎǎΧ
ςEngagement, interest, 
ƛƳƳŜǊǎƛƻƴΣ ΧΚ ²Ƙƻ ƪƴƻǿǎΚ

ωQuasi/Fake Emotion (not real!)
ω Nowhere in any model of emotion 
ωbƻ ŘŜǾƛŎŜ Ŏŀƴ ƳŜŀǎǳǊŜ άŦǳƴέ

But
ω tŜƻǇƭŜ Ŏŀƴ ǎǘƛƭƭ ŜȄǇǊŜǎǎ ƛǘΧ
ω Ask 4-ȅƻ ŎƘƛƭŘǊŜƴ ƛŦ ǘƘŜȅ ŀǊŜ ƛƳƳŜǊǎŜŘΧΦ 

tǊƻōƭŜƳǎ ǿƛǘƘ άCǳƴέ



Bartle, Richard A. Designing virtual worlds. New Riders, 2004.

Player Archetypes



Cƭƻǿ ƛǎ ǘƘŜ ǎǘŀǘŜ ƻŦ άƘŀǇǇƛƴŜǎǎέ 

When in Flow:
1. focused concentration on the present moment
2. loss of reflective self-consciousness
3. sense of personal control or agency over the situation or 
activity
4. a distortion of temporal experience (subjective experience of 
time is altered)
5. experience of the activity as intrinsically rewarding

Flow (Csikszentmihalyi, 1975)



Flow (Csikszentmihalyi, 1975)



T. Malone, Toward a Theory of Intrinsically Motivating Instruction, Cognitive Science, 1981

Challenge
Å Uncertainty of achieving a goal due to e.g. variable difficulty level, multiple 

level goals, hidden information, and randomness. 
Fantasy
Å Show (or evoke) images/situations/context not present
Å Extrinsic: depends on the skill used in a game
Å Intrinsic: related to the use of that skill.

Curiosity
Å What will happen next to the game?
Å Sensory curiosity
Å Cognitive curiosity ςit can be aroused via incomplete/inconsistent knowledge 

structures

Malone (1981) : Challenge, Curiosity and Fantasy



Prey/Predator Games

G. N. YannakakisΣ ŀƴŘ WΦ IŀƭƭŀƳΣ άModeling and Augmenting Game Entertainment through Challenge and 
CuriosityΣέInternational Journal on Artificial Intelligence Tools,vol. 16, issue 6, pp. 981-999, December 2007.

Entertainment Modelling based on Malone



Playware Playground

G. N. YannakakisΣ ŀƴŘ WΦ IŀƭƭŀƳΣ άModelingand Augmenting Game Entertainment through Challenge and 
CuriosityΣέInternational Journal on Artificial Intelligence Tools,vol. 16, issue 6, pp. 981-999, December 2007.

Entertainment Modelling based on Malone



Togelius, J., De Nardi, R., & Lucas, S. M. (2007). Towards automatic personalised content creation for racing games. In 
Computational Intelligence and Games, 2007. CIG 2007. IEEE Symposium on(pp. 252-259). IEEE.

Evolving Racing Tracks Based on Malone



Gordon Calleja. In-game: from immersion to incorporation. MIT Press, 2011.

Player Incorporation Model (Calleja, 2011)



Some Examples
ÅExplorer (Barter) / Easy Fun (Lazzaro) / 

Curiosity (Malone)
ÅAchiever (Bartle) / Serious Fun 

(Lazzaro) 
ÅKiller (Bartle) / Hard Fun (Lazzaro) / 

Challenge (Malone) / Flow aspects
ÅSocialiser (Bartle) / People Fun 

(Lazzaro) / Shared Involvement (Calleja)

Summary of Top-Down Player Modeling
One Theory After all?



Player Model

Model Free [Bottom-Up]
(Data Science, Machine Learning)

Model-free: From Theory to Data



Game Analytics



ÅGame analytics: application of analytics to game development 
and research. 

ÅGoal:support decision making, at operational, tactical and 
strategic levels for design, art, programming, marketing, user 
research, etc.

ÅGame metrics:interpretable measures of something related to 
games
ÅUser/Player metrics 

ÅUser: customer, gameplay community

ÅGameplay: interface, in-game

ÅSystem metrics

Basic Definitions



ωUnderstanding players
ωBehaviour
ωPlayer Experience

ωHow do people play a game?
ωDo they play the game as 

intended?

²ƘŀǘΩǎ ǘƘŜ tǊƻōƭŜƳΚ



ωDebugging costs!
ωCode debugging
ωExperience debugging 

ωPlay testing costs!
ωNon-linear games
ωTesting is challenge

ωImprove next game release 
costs!
ωΧ

²ƘŀǘΩǎ ǘƘŜ tǊƻōƭŜƳΚ



Game Data Visualization



ωVery important to visualise data prior to further processing

ωLots of information is hidden in basic statistics and analytics

Descriptive Statistics in Games



An Example: Tomb Raider: Underworld

A. Drachen, A. Canossa, and G. N. 
YannakakisΣ άPlayer Modelingusing Self-
Organization inTomb Raider: 
Underworld,έ inProceedingsof the IEEE 
Symposium on Computational Intelligence 
and Games, Milan, September, 2



ÅPlot specific information over the map of a level
ÅTypically, counts of a particular event in a map location
ÅThe higher the count, the higher the temperature

Heatmaps



Player navigation

Number of deaths

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

Wired, 2007

Heatmaps in Halo



Drachenand Shubert. Spatial 
Game Analytics, in El-Nasr et al 
(Eds.) Game Analytics: Maximizing 
the value of Player Data.

Heatmap in Just Cause 2



Drachenand Schubert. Spatial Game Analytics, in El-Nasr et al (Eds.) Game Analytics: Maximizing the 
value of Player Data.

Menu Heatmap



Drachenand Schubert. Spatial Game Analytics, in El-Nasr et al (Eds.) Game Analytics: Maximizing the 
value of Player Data.

Player Click Heatmaps


