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Game-based Learning 
Environments 

ÁInterplay of cognition and affect 

ÅPerformance impacts affective states 

ÅAffective states impact performance 

ÁLong term effects 

ÅMotivation 

ÅSelf-efficacy 

ÁSupporting motivation 

ÅNatural component of 
tutoring 

ÅKeystone of effective 
learning 



Personalized Game-based 
Learning Conjecture 

Highly 
Motivated, 

Highly 
Effective 
Learners 

Affect-Informed 
AI 
 

Games 
Technologies 



Narrative-Centered Learning 
Environments 

ÁGame-based learning environments in which 
learners: 

Å!ŎǘƛǾŜƭȅ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ άǎǘƻǊȅ-ŎŜƴǘǊƛŎέ ǇǊƻōƭŜƳ-solving 
activities 

ÅImmersed in captivating, highly tailored narratives 

ÁRevolve around:  

ÅBelievable characters 

ÅCompelling virtual worlds 

ÅRich stories  



CRYSTAL ISLAND 



7 

CI: Introduction 

1. Student plays the role of a new 

visitor to the island. 

 

2. Student discovers that several 

team members have fallen sick. 



CI: Gathering Information 

3. Student views microbiology-

themed posters. 

 

4. Student reads books about 

different types of pathogens. 



CI: Gathering Information 

5. Student gathers clues from sick 

team members. 

 

6. Student asks the campôs 

pathogen experts about 

microbiology concepts. 



CI: Hypothesis Testing 

7. Student conducts tests using 

laboratory equipment. 

 

8. Student interacts with the lab 

technician to view microscopic 

images of pathogens. 



CI: Drawing Conclusions 

9. Student records findings using portable 

communicator device and a diagnosis worksheet. 



CI: Reporting Findings 

10. Student presents findings and recommended 

treatment to camp nurse. 



Example Study of Learning & 
Engagement  

Á153 middle school participants used Crystal 
Island 

Å13.3 years old (SD = 0.48) 

Å50% Caucasian, 32% African American, 13% 
Hispanic or Latino, 5% Other 

ÁSecondary analysis from a study investigating 
scaffolding in narrative-centered learning 
environments 

 



Study Procedure 

Á Measures 
ÅMicrobiology content pre-test and post-test 
Á16 multiple-choice questions 
Á8 factual questions,  

8 application questions 
ÁCreated by interdisciplinary  

team of researchers 
ÅPresence Questionnaire 
ÅPerceived Interest Questionnaire 
Å In-Game Score 

Á Intervention 
ÅCRYSTAL ISLAND 
ÅSessions lasted until: 
ÁStudent completed scenario, OR 
Á60 minutes elapsed 

 



Presence Questionnaire 

Á32-items, divided 
among three subscales  
[Witmer & Singer, 1998] 

ÅInvolved/control 

ÅNaturalism of 
experience 

ÅInterface quality 

ÁMeasured on 7-point 
Likert scale 

 

Example Items: 
 

How compelling was your sense of 
moving around inside the virtual 
environment? [Involved/Control] 
 
How much did your experiences in the 
virtual environment seem consistent 
with your real-world experiences? 
[Naturalism] 
 
How much did the visual display quality 
interfere or distract you from 
performing assigned tasks or required 
activities? [Interface Quality] 
 

 
 

 



Situational Interest 

ÁAdapted from 
Perceived Interest 
Questionnaire  
[Schraw, 1997] 

Á10 items measured 
on a 5-point Likert 
scale 

Example Items: 
 

I got absorbed playing Crystal Island 
without trying to. 
 
I thought Crystal Island's topic was 
fascinating. 
 
Crystal Island really grabbed my 
attention. 

 
 

 
 



In-Game Score 

ÁRewards: 
ÅEfficient goal completion 

ÅDemonstration of 
content knowledge 

ÅDeliberative hypothesis 
formulation and testing 

ÁPenalizes guessing and 
άƎŀƳƛƴƎ ǘƘŜ ǎȅǎǘŜƳέ 

ÁPresented in upper-left 
corner of screen 



Findings 

ÁSignificant learning gains 

 

ÁLearning gains independent of gender (i.e., no 
gender effect observed) 

 

ÁEngagement significantly associated with learning 
ÅContrasts with view that places engagement and learning 

at odds with one another 

ÅRelationship is independent of background knowledge and 
game-playing characteristics 



Narrative-Centered Learning 



CRYSTAL ISLAND for New Student 
Populations and Subject Matters   

CRYSTAL ISLAND τ Middle School  
Microbiology 

CRYSTAL ISLAND τ Elementary School  
Landforms 

CRYSTAL ISLAND τ Middle School 
Literacy 

CRYSTAL ISLAND τ Middle School 
Computational Thinking 



CRYSTAL ISLAND: ENGAGE 

Å Middle-grade CS 
Principles focus 

Å Compelling 
computational 
challenges arise 
organically within 
storyworld 

Å Narrative game-based 
environment supports 
relevance and 
connecting computing 



Learning Computing in a Game-
Based Environment 

Societal 
Relevance of 
Computing 

Collaboration  
and 

Creativity 

Compelling narrative 

¢ŜŀƳǿƻǊƪ ƛƴ άǊŜŀƭέ  
and virtual worlds 


