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The Challenge 

A new learning environment 

that creates inspired learners 

and world-class experts 
 



Standard approach 

Knowledge, 
Expert 

Principles 

Student 
Instruction 

Learners Outcomes 



Engaged Mastery 

People Engagement 
Expertise, 

Knowledge 
Discoveries, 
Education 







Prior knowledge of biochemistry 

None

High school / Basic

One undergraduate course

Majored in biology or similar

PhD in chemistry or organic
chemistry

PhD in biochemistry 30 years
ago

Professionally involved

Game developed experts 



Data-driven Game Evolution 

8 

refinement 



Optimize for  
Engagement  and Mastery 



Importance of Early Math 

Middle  
School 

Elementary  
School 

Interest 
in 
STEM 

Time in School 







Games for  
Massive Data-gathering 

to Optimize Learning Pathways 



Time 

% of  

players 

100 

0 

Secondary Award Effect 



Time 

% of  

players 

100 

0 

Secondary Awards 

Considered Harmful 



Extrinsic Motivation: 
short term effect 

 



Long term engagement: 
Self-identification 



Create an exam 

Game designer levels 



 



 



Specialized Pathways to Mastery 

 





Infinitely Adaptable Courseware 



Engaged Learning Platform 

Courseware that optimizes for each learner 

by optimizing mastery and engagement 

 

1-8 grade Math 
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What can we do with traces? 
• Rank their difficulty 

 
 

• Analyze and compare progressions 
 
 

• Synthesize new progressions 



JUMP Math 
Singapore Math 



 



Fraction Addition and Subtraction Integer Addition 



Problem 

Addition: Standard 

Addition: Counting On 

Division: Repeated Subtraction Full 

Division: Repeated Subtraction Remainder Only 

Fraction Division 

Fraction Multiplication 

Fraction Reciprocal 

Fraction Reduction: Successive Division 

GCF: Euclid’s Algorithm 

GCF: Successive Division 

GCF: Simultaneous Division 

Matrix Addition 

Matrix Subtraction 

Matrix Scalar Multiplication 

Pattern Continuation: Addition 

Pattern Continuation: Subtraction 

Pattern Continuation: Explicit Addition 

Pattern Continuation: Explicit Subtraction 

Prime Factorization 

Subtraction: Counting Back 



Conceptual Problems 

• Algebra 

• Geometry proofs 

• Solving unknown problems 



Complexity Grows Exponentialy  

 



Personalized Algebra 



In-vivo courseware adaptation 



100,000 

students 

 

100,000 

students 
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Interactive Game 
Learning 

Mastery Engagement 

Formative 
Assessment 

Optimal 10-minute 
interventions 

Teacher 
Development 



Reinforcement Learning 

… ? 

 

Goal: Maximize student’s learning & engagement 



1-0 

 
1-1b 1-2 1-3 

2-0 
3-0 

1-2 1-1a 

Transfer 

1-4 

1-5 

2-0 
3-0 

Transfer 



1-3 



Scaffolding RL experiments 
• Dwell Time (Time on Task) 
 A A A B B B AB AB 
 A B AB C ABC D ABCD 
• Concept layering 
… ABC D AD BD CD ABD ACD ABCD 
… ABC D ABCD E ABCDE 
• Concept Ordering 
B BC A ABC 
AB C ABC F D FD ABCDF 
 



Key RL experiments 

• Optimal hinting strategies 

• Persistence and tenacity 

• Long-term effects on domains 

• Self-identification 

 



The Zone Violation 



Optimize for 

• Long-term effects on learning 

• Optimal assistive strategies 

• Persistence and tenacity 

• Self-identification 

 





Engaged Learning 

• Convert courseware into infinitely adaptable 
courseware 

• Automatically adapt for each unique student 

• Optimize for robust measures of engagement 
and mastery 



Washington  
Algebra Challenge 








