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The dominant 
research 

questions in this 
field have yet to 

be defined.
It is an exciting time to get 

involved with games 
research!

UX Lab, Epic Games



What’s in a Game?

{"<start>" : "<template>",

 "<template>" :  
 "<object> in which players <engagement>.  
| <object> that involves <characteristics>.  
| <object> <constraints>.  
| <object> characterized by <relationship>.",

"<object>" :  
…
} molleindustria. http://www.gamedefinitions.com/



An Operational Definition

–Eric Zimmerman and Katie Salen, Rules of Play

A game is  
a system in which players engage in an 

artificial conflict,  
defined by rules,  

that results in a quantifiable outcome.
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Understanding Player & Game

• Piaget’s (1962) 
Play, dreams, and 
imitation in 
childhood
‣ Child development 

involves schema 
building

‣ Play environments 
lead to richer 
schemas



Understanding Player & Game

• Malone’s (1981) 
Heuristics for 
designing enjoyable 
user interfaces
‣ Challenge
‣ Fantasy
‣ Curiosity



Understanding Player & Game

• Bartle’s (1996) 
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value challenge, 
fantasy, curiosity 
differently



• Bartle’s (1996) 
Players Who Suit 
MUDs
‣ Different players 

value challenge, 
fantasy, curiosity 
differently

‣ Tradeoffs for 
experience

Understanding Player & Game



Understanding Player & Game

• Hunicke, LeBlanc, 
and Zubek’s (2004) 
MDA
‣ Mechanics
‣ Dynamics
‣ Aesthetics

• The indirect-design 
problem
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Human-Computer Interaction v. Player-Computer Interaction

‣ HCI
- Task Completion
- Reduce Error
- External Reward
- “Intuitive”
- Reduce Workload

‣ PCI
- Entertainment
- Fun-to-beat obstacles
- Intrinsic Reward
- New Things to Learn
- Increase Workload

• Lazzaro’s (2008)  
Gameplay Experience Goals
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A Fragmented Field

• Carter et al.’s 
(2014) Paradigms of 
Games Research in 
HCI
‣ Operative
‣ Epistemological

Plunkett, Luke. (2010). Where Board Games and 
Video Games Come Together. Kotaku. Available: 

https://www.kotaku.com.au/2010/07/where-board-
games-and-video-games-come-together/



A Fragmented Field

• Carter et al.’s 
(2014) Paradigms of 
Games Research in 
HCI
‣ Operative
‣ Epistemological
‣ Ontological

Fighter Wizard Rogue

Domínguez et al.’s Mimesis Effect 
in CHI2016



Twitch Plays Pokémon

A Fragmented Field

• Carter et al.’s 
(2014) Paradigms of 
Games Research in 
HCI
‣ Operative
‣ Epistemological
‣ Ontological
‣ Practice



A Fragmented Field

• Carter et al.’s 
(2014) Paradigms of 
Games Research in 
HCI
‣ Operative
‣ Epistemological
‣ Ontological
‣ Practice

Instrumentalize games and play 
for other non-games work



A Fragmented Field

• Carter et al.’s 
(2014) Paradigms of 
Games Research in 
HCI
‣ Operative
‣ Epistemological
‣ Ontological
‣ Practice

Interested in games and play  
as disciplines in their own right



• Nacke et al.’s (2014) Methods for 
Evaluating Gameplay Experience

Ontological v. Practical Games Research



• Nacke et al.’s (2014) Methods for 
Evaluating Gameplay Experience
‣ Psychophysiological Player Testing (e.g. EDA, 

EEG)
‣ Eye Tracking
‣ Persona / Player Modeling
‣ Game Metrics Behavior Assessment
‣ Rapid Iterative Testing and Evaluation

Ontological v. Practical Games Research



• Nacke et al.’s (2014) Methods for 
Evaluating Gameplay Experience
‣ Ethnography
‣ Cultural Debugging
‣ Playability Heuristics
‣ Qualitative Interviews and Questionnaires
‣ Multiplayer (social) Game Metrics

Ontological v. Practical Games Research



A Fragmented Field

• Carter et al.’s 
(2014) Paradigms of 
Games Research in 
HCI
‣ Operative
‣ Epistemological
‣ Ontological
‣ Practice
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Training simulations

Gamification Science discovery

Procedural rhetoric

A Science of Game Design is Needed

• Games are a Significant Engineering Challenge™
• Advances in technology create more problems
• Research should target both artifact and person



Games are a Significant Engineering Challenge™

• Costly
• Difficult
• Poorly understood



2011 2012 2013 2014 2015 2016

$124M

$80M

$140M$137M

$105M

$200M

Cost of Most Expensive Games per Year

MGSV



2011 2012 2013 2014 2015 2016

5 Years

3 Years

4 Years4 Years

3 Years3 Years
MGSV

Time to develop those games



Authorial Combinatorics Problem

• Bruckman’s (1990) 
The Combinatorics 
of Storytelling: 
Mystery Train 
Interactive
‣ Content authoring 

increases 
exponentially with 
player choice

Event

Action



12 full-time writers + 3 years 
= 200,000 lines of dialogue 
(approx. 1,000,000 words) 

(1,094,170 words) 



Similarity
9%

Sequel
9%

Word of mouth
11%

Graphics
12%

Interesting Story
16%

Price
21%

Other
22%

Essential Facts About the Computer & Video Game Industry 
(Entertainment Software Association, 2016)

Factors Influencing the Decision to Buy a Game



Engineering Successful Games



Engineering Successful Games



more tools, less processes



more tools, less processes



more tools, less processesThere’s a lot of hacks and kludges to 
get things working… I’m sure you would 
find tons of duplication of effort, 
definitely. I’ve been an audio 
programmer on [X] different games and 
I’ve written [X] different audio engines.



Meaningless Procedural Content Generation



Procedural content generation
• Artificial intelligence for game content creation



Meaningless Procedural Content Generation
• No Man’s Sky can generate 1.8 × 1019 Planets



• Cardona-Rivera’s 
(2017) Cognitively-
grounded 
Procedural Content 
Generation
‣ We can summarize 

expressive range in 
our heads

The Kaleidoscope Effect



The Player Modeling Principle

Research should target 
artifact and player!

• Sylvester’s (2013) 
The Simulation 
Dream
‣ “The whole value 

of a game is in the 
mental model of 
itself it projects into 
the player’s mind.”



Tacit Learning and Expectations



The Bard’s Leap

Bethesda Game Studios; The Elder Scrolls V: Skyrim.  Bethesda Softworks, 2011.



Ontological Framework: Games as Conversation

• Cardona-Rivera and 
Young's (2014) 
Games as 
Conversation
‣ Games are contexts 

for communicative 
exchange

• Blow's (2016) AIIDE 
Keynote
‣ Level Design as an 

NLG Problem



The Science of Game Design
• The systematic organization of design 

knowledge encompassing game structure 
and player behavior

‣ The search for invariant relationships
- e.g. F=ma, Fitts’ Law, Hick-Hyman Law
- My research: AI generation as understanding

Content Game
Interface Cognition



Recap

• Past: Understanding Player & Game
• Present: A Fragmented Field
• Future: The Science of Game Design



• My work targets the science of game design 
through the invention of its digital camera

• Photography used to require 
expertise
‣ Digital camera changed that

Rogelio E. Cardona-Rivera, Ph.D. 
rogelio@cs.utah.edu
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Shameless Plug
Spring 2020 Course!
EAE 6900-023: 
Game AI
In this course we will examine 
both traditional and modern 
artificial intelligence (AI) 
techniques that are used in the 
design of computer games. We 
will look for techniques for 
game playing as well as the 
design of AI agents tasked with 
creating targeted experiences 
for players.




