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What is Learning?



• Learning results from 
what the student does 
and thinks and only from 
what the student does 
and thinks. The teacher 
can advance learning 
only by influencing what 
the student does to 
learn. 

- Herb Simon



the movie in which no babies are born 
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”Computers are useless. they can only 
give you answers.”   - Pablo Picasso













MOTIVATION: Students’ motivation 
determines, directs, and sustains what 
they do to learn.

CONSTRUCTIVISM: To help students 
revise inaccurate beliefs and flawed 
mental models ask them to make 
predictions ... and give them an 
opportunity to test those predictions.
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MASTERY: To develop mastery, students 
must acquire component skills, practice 
integrating them, and know when to 
apply what they have learned.

DIALOG: Goal-directed practice coupled 
with targeted feedback enhances the 
quality of students’ learning.

SOCIAL: Students’ current level of 
development interacts with the social, 
emotional, and intellectual climate of 
the course to impact learning.
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”Every time a student makes a mistake in math, 
they grow a synapse.”    -- Jo Boaler





Optimize Motivation
• Engagement (early adopter, enthusiasts)
• Authenticity (instructors, Stanford)
• Peer support (forums, outside groups)
• Instructor support (email, video)
• Due dates
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�Richard Hamming told me his secret: 
First get together the problem sets and 
exams that you want the students to be 
able to solve. Then write a book that 
will teach them how to solve them.�

-- Hal Varian
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What does this
have to do with

Machine Learning?
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20 bits per year
12 Mbps



ML / Data Analysis
• Who drops out? When? Why? (Explain / Predict)
• What does each student know?
• Create content that maximizes impact on students
• What should we present next to this student?
• How to best allocate human assistant time?
• Who learns / teaches what in forums?
• Which students should partner together?
• How do students rate the course?
• How do students succeed beyond the course?
• Timing of due dates and of spaced repetition
• What responses cluster together?



Real-Time Dashboard
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Experimentation



Open-Ended Work
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“The Impact of Self-and Peer-Grading on Student Learning”.
P. Sadler, E. Good. Educational Assessment (2006).

“Tuning Models of Peer Assessment in MOOCs”.
C. Piech et al, International Conference on Educational Data Mining (2013)





Gamification



Gamification

• Scores?
• Leader Board?
• Badges?
• Timer?
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Benjamin Bloom: �Two Sigma Effect�



Benjamin Bloom: �Two Sigma Effect�

Tutoring +
Mastery



Replication:�0.8 Sigma Effect�

Human or Computer Tutoring +
Mastery





Question we can’t answer

novice master

several years







“The first million miles are always 
the hardest.”

“The Journey of a billion miles
starts with a million data points.”



Courseware Engineering?



Modern sequencing 
methods (11 min)

Genomic 
economics (8 

min)

Personalized 
medicine (13 min)

History: The 
Human Genome 
Project (12 min)

Modern GenomicsGenes and alleles 
(10 min)

Basic Genetics 
Refresher (OPTIONAL)

Mendelian
inheritance 

(13 min)

What is DNA?  
(12 min)

Genetic testing in 
the commercial 
world (11 min)

Protecting privacy 
(9 minutes)

Case study: direct-
to-consumer 

genetics (12 min)

Case study: 
family planning 

(13 min)

Commercial Genomics 
(OPTIONAL)

Authored Multipath Sequence









£ 100 million



One on One Tutoring; Mastery Learning

Social;
Motivation

Large-Scale Courseware Engineering

Machine Learning; Continual Improvement


