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∗ Player experience
∗ The synthesis of affective patterns elicited and 

cognitive processes generated during gameplay
∗ Player experience modeling
∗ Estimating the function between game content 

and player experience
∗ Procedural content generation
∗ The automatic generation of game content

Key terms
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Motivation

∗ Computer games are 
becoming more 
popular

∗ Generating immersive 
games is the holy grail 
of game design
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Motivation

∗ Players are different
∗ More information is 

becoming available
∗ Automatic generation of 

personalized content 
will benefit both players 
and game designers
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Problems?

∗ Quantitative 
entertainment 
formulation

∗ Better understanding of 
the player-content 
relationship 

∗ Implementing and 
integrating
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∗ Construct models of player experience

∗ Build an efficient adaptation mechanism

The goals
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∗ Recognizing players’ 
affect

∗ Understanding how affect 
is manifested via behavior 

∗ Representing context and 
behavioral information

∗ Leaning the relationship 
between context, 
behavior and affects

∗ Adapting game content

What are the challenges?
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∗ Crowd-source game interaction data from 
players

∗ Model the relationship between game content 
and player behavior

∗ Assess game content quality using the 
constructed models

∗ Build content generators that explore the 
content space efficiently

∗ Apply an adaptation mechanism to generate 
personalized content

The quantitative approach
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ED-PCG Framework

∗ Player experience modeling
∗ Content quality
∗ Content representation
∗ Content generator
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Crowd-sourcing Player 
Experience 
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∗ Why?
∗ Build quantitative models of player experience
∗ Allow data-driven automatic adaptation

∗ How? 
∗ Generate content
∗ Evaluate content by players
∗ Collect data about player behavior 

Crowd-sourcing
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Capturing Player Experience
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How to capture player 
experience-subjectively
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How to capture player 
experience-Objectively
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How to capture player 
experience-gameplay

Thursday, October 31, 13



How to capture player 
experience-hybrid
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Minecraft
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Gameplay data gathering
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preprocessed. Considering that total play time differed 
widely, all variables were normalized preventing biased 
results due to different amount of time spent by players. 
Lastly, surveys with less than 30 minutes of playing time 
were rejected as it is considered there was not enough 
information, leaving 86 participants. Each survey produced 
659 parameters: 1 x ID, 96 x Reiss motivation test answers, 
16 x Reiss Motivation profile, 546 x Minecraft parameters. 
The 86 surveys produced 56.674 values to analyze. 

VI. RESULTS 

A. Minecraft Descriptive Statistics 
Participants come from 21 different countries, the top 

three are: Spain (25,58%), United States (17,44%) and 
Denmark (11.3%). The average age is 20.99, ranging from 
12 to 46. The high number of male players (91.85%, n=79 
versus 8,14%, n=7), matched previous results [24]. On 
average participants declared to have played 19.27 hours 
each week confirming previous findings [24]. The self-
reported measure of play time often diverges from the 
monitored value, possibly because of a negative social bias. 
For example a player declaring 0 hours per week actually  
played the most (450 hours in total), confirming a study that 
compared self-reported use and actual use among players 
showing systematic differences [39]. The survey shows a 
high level of expertise in the game: 4.65% of the players 
play only Minecraft, and 41.86% play more games but 
Minecraft is their main game. Minecraft players tend to 
have medium grade of studies. 76,74% have finished or are 
studying High school or Bachelor studies. School level is 
6,98%, High School 38,37%, Bachelor, 38,37%, Master 
Level 10,47% and PhD is 5,81%. The level of studies is 
positively correlated with age, so the results are as expected. 

The research correlates 571 variables. It is not very 
practical to show descriptive statistics about all of them so 
only general statistics are included in table 1. 

TABLE I 
Summary of General Statistics in Minecraft 

Statistic Mean SD Min Max 
Hours Played 53,37 67,64 0,69 450,54 
Times Played 62,17 121,15 0,00 617,00 
Worlds Played 8,20 13,60 0,00 90,00 
Saves Loaded 32,56 91,84 0,00 563,00 
Multiplayer joins 110,94 129,15 0,00 571,00 
Games quit 113,86 139,65 1,00 613,00 
Distance Walked 183274,4 290325,01 1014,58 1924954,44 
Distance swam 4565,62 6815,38 1,16 46683,79 
Distance Fallen 7303,75 13662,61 0,00 89619,87 
Distance climbed 1487,33 2916,28 0,00 24624,31 
Distance Flown 36733,01 55700,29 1,07 311901,45 
Distance dove 2455,68 3608,00 0,00 22267,80 
DistanceMinecart 4203,60 15928,94 0,00 135254,50 
Distance by boat 3532,47 6238,62 0,00 28066,95 
Distance by pig 8,73 28,26 0,00 214,39 
Jumps 18616,38 26062,71 109,00 174052,00 
Items Dropped 331,87 665,14 0,00 4651,00 
Damage Dealt 14725,50 28659,31 0,00 216790,00 

Damage taken 14335,29 45967,93 0,00 367506,00 
Deaths 4,05 11,90 0,00 80,00 
Mob kills 734,19 1272,09 0,00 7361,00 
Player Kills 0,07 0,45 0,00 4,00 
Fish Caught 4,51 10,03 0,00 51,00 

On average participants spent 53.37 hours in total. 
Minecraft does not encourage for aggressive gameplay 
against other players, which is confirmed by the fact that 
the player kills are very low with an average of 0,07 and 
max value of 4. In table 1 is possible to observe the 
difference between players. For instance: players who only 
play multiplayer (multiplayer joins = high value and worlds 
created/ played = 0) versus single player (multiplayer = 0 
and world created/played = high value) and players who 
only play creative mode (mob kills and damage 
dealt/received = 0) versus those players who play survival 
mode (damage dealt/received/number of deaths = value). 

B. Motivations Descriptive Statistics 
Table 2 shows descriptive statistics for the RMPT. Mean 

and Standard Deviation were calculated for each of the 
players’  basic  desires. 

TABLE II 
Average  player’s  profile  (**  strongest,  *  >0.5  stronger  than  average) 

Statistic Mean SD 
Acceptance -0,6279* 1,364 
Curiosity 0,9767** 1,355 
Eating 0,3140 1,191 
Family 0,0698 1,196 
Honor 0,5698* 1,164 
Idealism 0,6977* 1,311 
Independence 0,6977* 1,293 
Order -0,4302 1,306 
Physical activity -0,1977 1,509 
Power -0,0930 1,271 
Romance -0,2093 1,209 
Saving 0,6860* 1,119 
Social  contact -0,0233 1,346 
Status -0,9767** 1,208 
Tranquility -0,0930 1,113 
Vengeance -0,4070 1,349 

The average Minecraft player profile has 7 basic desires 
that differentiate it from the average person. Two of them 
are clearly more noticeable than the rest as they are close to 
the value 1 or -1: Strong Curiosity and  Weak Status. 

A way to understand the relationship between the game 
and the average player profile is to assume that players are 
trying to satisfy their basic desires while playing the game. 
Both of the identified basic desires seem to align with the 
inscribed affordances provided by the game design. 
Curiosity   is  “the  universal  desire  for  intellectual  activity,  

learning, creating... people with strong basic desire for 
curiosity are easily bored and need frequent intellectual 
stimulation; they may be oriented to creative, imaginative 
ideas”[18]. The world in Minecraft is created procedurally; 
it is almost an infinite world. It includes different areas and 
materials to discover. The game itself is a mystery, when 
players start the game there are no clues about what to do; 
goals, enemies, actions: the whole game is about discovery. 
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Subjective questionnaire
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preprocessed. Considering that total play time differed 
widely, all variables were normalized preventing biased 
results due to different amount of time spent by players. 
Lastly, surveys with less than 30 minutes of playing time 
were rejected as it is considered there was not enough 
information, leaving 86 participants. Each survey produced 
659 parameters: 1 x ID, 96 x Reiss motivation test answers, 
16 x Reiss Motivation profile, 546 x Minecraft parameters. 
The 86 surveys produced 56.674 values to analyze. 

VI. RESULTS 

A. Minecraft Descriptive Statistics 
Participants come from 21 different countries, the top 

three are: Spain (25,58%), United States (17,44%) and 
Denmark (11.3%). The average age is 20.99, ranging from 
12 to 46. The high number of male players (91.85%, n=79 
versus 8,14%, n=7), matched previous results [24]. On 
average participants declared to have played 19.27 hours 
each week confirming previous findings [24]. The self-
reported measure of play time often diverges from the 
monitored value, possibly because of a negative social bias. 
For example a player declaring 0 hours per week actually  
played the most (450 hours in total), confirming a study that 
compared self-reported use and actual use among players 
showing systematic differences [39]. The survey shows a 
high level of expertise in the game: 4.65% of the players 
play only Minecraft, and 41.86% play more games but 
Minecraft is their main game. Minecraft players tend to 
have medium grade of studies. 76,74% have finished or are 
studying High school or Bachelor studies. School level is 
6,98%, High School 38,37%, Bachelor, 38,37%, Master 
Level 10,47% and PhD is 5,81%. The level of studies is 
positively correlated with age, so the results are as expected. 

The research correlates 571 variables. It is not very 
practical to show descriptive statistics about all of them so 
only general statistics are included in table 1. 

TABLE I 
Summary of General Statistics in Minecraft 

Statistic Mean SD Min Max 
Hours Played 53,37 67,64 0,69 450,54 
Times Played 62,17 121,15 0,00 617,00 
Worlds Played 8,20 13,60 0,00 90,00 
Saves Loaded 32,56 91,84 0,00 563,00 
Multiplayer joins 110,94 129,15 0,00 571,00 
Games quit 113,86 139,65 1,00 613,00 
Distance Walked 183274,4 290325,01 1014,58 1924954,44 
Distance swam 4565,62 6815,38 1,16 46683,79 
Distance Fallen 7303,75 13662,61 0,00 89619,87 
Distance climbed 1487,33 2916,28 0,00 24624,31 
Distance Flown 36733,01 55700,29 1,07 311901,45 
Distance dove 2455,68 3608,00 0,00 22267,80 
DistanceMinecart 4203,60 15928,94 0,00 135254,50 
Distance by boat 3532,47 6238,62 0,00 28066,95 
Distance by pig 8,73 28,26 0,00 214,39 
Jumps 18616,38 26062,71 109,00 174052,00 
Items Dropped 331,87 665,14 0,00 4651,00 
Damage Dealt 14725,50 28659,31 0,00 216790,00 

Damage taken 14335,29 45967,93 0,00 367506,00 
Deaths 4,05 11,90 0,00 80,00 
Mob kills 734,19 1272,09 0,00 7361,00 
Player Kills 0,07 0,45 0,00 4,00 
Fish Caught 4,51 10,03 0,00 51,00 

On average participants spent 53.37 hours in total. 
Minecraft does not encourage for aggressive gameplay 
against other players, which is confirmed by the fact that 
the player kills are very low with an average of 0,07 and 
max value of 4. In table 1 is possible to observe the 
difference between players. For instance: players who only 
play multiplayer (multiplayer joins = high value and worlds 
created/ played = 0) versus single player (multiplayer = 0 
and world created/played = high value) and players who 
only play creative mode (mob kills and damage 
dealt/received = 0) versus those players who play survival 
mode (damage dealt/received/number of deaths = value). 

B. Motivations Descriptive Statistics 
Table 2 shows descriptive statistics for the RMPT. Mean 

and Standard Deviation were calculated for each of the 
players’  basic  desires. 

TABLE II 
Average  player’s  profile  (**  strongest,  *  >0.5  stronger  than  average) 

Statistic Mean SD 
Acceptance -0,6279* 1,364 
Curiosity 0,9767** 1,355 
Eating 0,3140 1,191 
Family 0,0698 1,196 
Honor 0,5698* 1,164 
Idealism 0,6977* 1,311 
Independence 0,6977* 1,293 
Order -0,4302 1,306 
Physical activity -0,1977 1,509 
Power -0,0930 1,271 
Romance -0,2093 1,209 
Saving 0,6860* 1,119 
Social  contact -0,0233 1,346 
Status -0,9767** 1,208 
Tranquility -0,0930 1,113 
Vengeance -0,4070 1,349 

The average Minecraft player profile has 7 basic desires 
that differentiate it from the average person. Two of them 
are clearly more noticeable than the rest as they are close to 
the value 1 or -1: Strong Curiosity and  Weak Status. 

A way to understand the relationship between the game 
and the average player profile is to assume that players are 
trying to satisfy their basic desires while playing the game. 
Both of the identified basic desires seem to align with the 
inscribed affordances provided by the game design. 
Curiosity   is  “the  universal  desire  for  intellectual  activity,  

learning, creating... people with strong basic desire for 
curiosity are easily bored and need frequent intellectual 
stimulation; they may be oriented to creative, imaginative 
ideas”[18]. The world in Minecraft is created procedurally; 
it is almost an infinite world. It includes different areas and 
materials to discover. The game itself is a mystery, when 
players start the game there are no clues about what to do; 
goals, enemies, actions: the whole game is about discovery. 
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(achievement) entails defeating the ender dragon and 

entering the Exit Portal, considered to be the prescribed 

winning condition for the game. Torches are items that emit 

light. They are used to explore and to secure areas from 

enemies. 

D. Motivations and Correlated Features 
Each of the basic desires was correlated against the 546 

Minecraft statistics. The number of nominally expected 

significant correlation is 27.3 at the significance level p 

0.05. Six traits showed significant correlations above the 

nominally expected: curiosity, saving, honor, idealism, 

vengeance and family (table 4). Table 5 shows all game 

features correlated for each motivation factor. 
TABLE IV 

Number of correlations per motivation factor  

(*above expectation) 

 
p.05 

Small 
corr. 

Medium 
corr. max min 

acceptance 13 13 0 -0.297 -0.217 

curiosity 58* 49 9 0.365 -0.213 

eating 23 21 2 0.332 -0.212 

family 31* 24 7 -0.34 0.212 

honor 38* 33 5 0.336 0.213 

idealism 34* 31 3 -0.335 -0.213 

independence 21 19 2 -0.371 -0.213 

order 17 17 0 -0.283 0.212 

physical activity 14 14 0 0.295 0.212 

power 16 14 2 -0.333 0.214 

romance 18 14 4 0.329 0.214 

saving 44* 40 4 0.323 0.213 

social contact 23 22 1 -0.332 -0.213 

status 25 23 2 -0.353 -0.216 

tranquility 13 11 2 0.358 -0.22 

vengeance 35* 32 3 0.312 -0.212 

TABLE V 

Game features and motivation coefficient of correlation  

(* significant at p.01, ** significant at p.001)  

(M=Mined, C=Crafted, U=Used, D=Depleted) 

Acceptance Curiosity Eating Family 
Bookshelf M 

-0.297* 

Cobblestone P 

0.365** 

Compass C 

0.332* 

Gold Sword U 

-0.34** 

Mycelium M 

0.256 

Stone Shovel D 

0.36** 

Bricks M 

-0.326* 

Gold Sword D 

-0.334* 

Fire Charge U 

0.253 

Stone Axe C 

0.358** 

Vines P 

-0.297* 

Cobblestone M 

-0.318* 

Snow M 

0.249 

Stone Shovel U 

0.355** 

Clay M 

-0.284* 

Cactus M 

-0.316* 

Iron Sword D 

-0.24 

Torch M 

0.339** 

Stone C 

0.257 

Stone Hoe U 

-0.311* 

Honor Idealism Independence Order 
Lapis Block C 

0.336* 

Stone Sword U 

-0.335* 

The End? 

-0.371** 

Sprucewood stairs M 

-0.283* 

Stone Pickaxe D 

0.322* 

dead shrub M 

-0.329* 

The End 

-0.345** 

Iron Pickaxe C 

-0.272 

Torch M 

0.322* 

Mushrooms P 

-0.312* 

powered rail P 

-0.297* 

Spruce wood stairs C 

-0.248 

WeNeedToGo 

0.319* 

Coal Ore M 

-0.294* 

StonePress. Plate P 

-0.297* 

Flowers P 

0.24 

Stone pickaxe U 

0.3* 

Jukebox C 

-0.294* 

Dragon egg P 

-0.276* 

Stick C 

-0.226 

Physical Power Romance Saving 
Mycelium P 

0.295* 

Redstone Ore M 

-0.333* 

Flint And Steel C 

0.329* 

Stone Axe D 

0.323* 

DiamondBlock P 

0.283* 

Wood P 

0.324* 

Glass Pane C 

0.312* 

Iron Axe U 

0.316* 

SilverfishStone C 

-0.276* 

Mossy Stone M 

-0.254 

Nether Brick 

0.31* 

Stone Axe U 

0.312* 

Redstone Rep. C 

-0.262 

Coal Ore M 

-0.244 

Wool M 

0.305* 

Chest C 

0.311* 

Wheat Seeds U 

-0.258 

Dispenser P 

-0.238 

Stone Shovel D 

0.284* 

Sand P 

-0.293* 

Social Status Tranquility Vengeance 
Cobblestone M 

-0.278* 

Cactus M 

-0.353** 

Fence gate C 

0.358** 

Games quit 

0.312* 

Bookshelf C 

-0.272 

Stone Hoe U 

-0.326* 

Fire Charge U  

0.308* 

Silverfish Stone C 

-0.308* 

Magma cream C 

-0.253 

Getting an Upg. 

-0.295* 

Cobblestone M 

0.285* 

Times Played 

0.303* 

Music disk  U 

-0.252 

Fermenspider C 

0.294* 

Gold Sword U 

0.283* 

Redstone Torch  M 

-0.278* 

Coal Ore M 

-0.249 

Cactus P 

-0.291* 

Locked chest P 

-0.279* 

Nether brick C 

-0.278* 

VII. NOTEWORTHY AND SURPRISING CORRELATIONS 

The research also included other variables: age, gender, 

declared hours of play, level of education and gaming 

preferences. There were some significant correlations 

between demographic information and game behavior: Age 

is negatively correlated with the number of jumps: young 

people seem to skip through the level. Age is negatively 

correlated with multiplayer joins. Young people join 

multiplayer games; older people tend to play alone. Women 

are positively correlated with glass and cakes crafted, 

distance swum, bows depleted. Age is positively correlated 

with the number of deaths, older players die more. Gaming 

preferences  show  that  the  more  player’s  dedication  the  more  
it uses and crafts objects made with diamond and less 

objects made with stone and wood. 

Some interesting facts emerge when looking at motivation 

factors and in-game behavior: People with strong curiosity 

tend to use (and reuse) more torches. They also use more 

stone objects. People with strong family reject the use of 

gold swords; it could be due to its lack of efficiency to 

protect people. Players with strong honor use more rail 

tracks and craft/use bows consistently. Players with strong 

idealism deal less damage and use fewer cacti. People 

strongly motivated by power place fewer flowers. Saving is 

related with the type of material used, people with strong 

saving   tend   to   use   “cheap   materials”:   stone,   cheap,   sand,  
and iron and place fewer amounts of beds. People with weak 

saving use diamonds materials. Players reporting strong 

status do not use cactus but tend to use potatoes. People 

reporting strong vengeance tend to quit the game more 

times, maybe because of the few aggressive affordances 

provided by the game. 

VIII. SUPERVISED LEARNING AND PREDICTION OF 

MOTIVATION BASED ON BEHAVIOR 

The correlations employed hitherto in the paper have 

been standard Pearson product-moment correlations. While 

very useful for capturing linear dependencies between 

variables, this method cannot capture nonlinear 

dependencies or dependencies between more than one 

variable. For example, if game feature X was high only for 
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∗ Content can be:
∗ Story
∗ Graphics
∗ Sound effects
∗ Mechanics
∗ Items
∗ Maps/levels
∗ rulesets 

Content generators
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∗ Direct
∗ Simulation-based
∗ interactive

Evaluating game content
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∗ Content representation
∗ Content generation

Optimizing game content for 
experience

Thursday, October 31, 13



Case study: Super Mario 
Bros 
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∗ Content can be:
∗ Story
∗ Graphics
∗ Sound effects
∗ Mechanics
∗ Items
∗ Maps/levels
∗ rulesets 

Content generation
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Content generation in Super 
Mario Bros
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∗ Level = list of chunks
∗ Each chunk can be
∗ A gap
∗ An enemy
∗ A box
∗ A platform
∗ A hill

∗ Each chunk has a list of parameters
∗ E.g. Level = platform( position, width) 

gap(position, width) enemy(position, type) 

Grammatical evolutionary 
generator
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Design Grammar
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∗ Present pair of games
∗ Collect player behavioral information 

(gameplay and visual reaction)
∗ Ask players to report their experience (4-AFC)
∗ Engagement
∗ Frustration 
∗ Challenge 

Experimental Protocol 
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∗ Content data
∗ Direct features (controllable)
∗ Full structure of the levels

∗ Gameplay data
∗ Direct features
∗ Interaction events

∗ Head movement 
∗ Player experience
∗ 4-AFC (engagement, frustration and challenge)

Types of data
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∗ Direct representation
∗ Frequencies of items and interactions

∗ Sequential representation: 
∗ Frequent patterns of

∗ content features
∗ gameplay features
∗ Fused sequential features

Feature extraction
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Modeling Player Experience
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PEM framework

Phase-2: MLP Feature SelectionPhase-1: SLP Feature Selection

Fe
at

ur
es

SLP

SFS

Selected Feature 
Subset

Remaining 

MLP

Phase-3: MLP Topology 
Optimization

Selected Feature 
Subset

MLP

MLP topology 
with best accuracy

1 hidden layer
of two neurons
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∗ High prediction accuracies for 
the three emotional states
∗ Engagement: 83.80% from 

patterns of players' actions
∗ Frustration: 80.70% from direct 

features
∗ Challenge: 86.28% from fused 

features of direct and sequential 
patterns of game content and 
player behavior

Experiments: Dataset 2

∗ Dataset 2
∗ Parameterized 

generator
∗ Content data

∗ Direct features 
∗ Full level structure 

∗ Gameplay data
∗ Direct features
∗ Interaction events

∗ Head movement 
∗ Player experience

∗ 4-AFC
∗ 780 game pairs
∗ Levels of 100 
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Game Adaptation
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∗ How often?
∗ How?
∗ Evaluation?

Problems
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∗ Use the constructed PEMs
∗ Adjust the models for control 

∗ Apply adaptation to optimize a particular 
experience
∗ Exhaustive search
∗ Global search

Adaptation-How?
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∗ Capture player behavior
∗ Search the space of controllable features
∗ Select the combination that maximize/

minimize the PEM output
∗ Use this combination to generate the 

personalized content

Exhaustive search
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∗ Capture player behavior
∗ Generate random population of levels
∗ Rank each level according to its appeal to the 

player
∗ Use the PEM

∗ Evolve “better” levels

Evolving personalized content
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Evolving personalized content
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Evolving personalized content
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Extract the values of 
the 

gameplay features

Evolving personalized content
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Extract the values of 
the 

gameplay features

Evolving personalized content
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Extract the values of 
the 

gameplay featuresPopulation

Evolving personalized content
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Extract the 
values of the 

content 
features

Extract the values of 
the 

gameplay featuresPopulation

Evolving personalized content
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Extract the 
values of the 

content 
features

Extract the values of 
the 

gameplay features PEM-
score

individua
l

levels

Population

Evolving personalized content
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Extract the 
values of the 

content 
features

Extract the values of 
the 

gameplay features PEM-
score

individua
l

levels

Population

Evolving personalized content
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Extract the 
values of the 

content 
features

Extract the values of 
the 

gameplay features PEM-
score

individua
l

levels

Population

Grammatical Evolution

Evolving personalized content
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∗ Simulation-based approach
∗ AI agents

Evaluation
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