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The	AI	Science	Challenge
Solve	problems	that

– All	expert	people
– all	massive	computer	architectures

cannot	solve	by	themselves



Symbiotic Human-Computer
Computing Architecture



Solving	Hard	Problems	with
Human-Computer	Symbiosis

Coadaptation	(Optimization):
1. People	 →	Experts
2. Interaction	 →	Optimal	problem	solving	tools

Games	are	an	ideal	vehicle	of	coadaptation



Signs	of	Promise
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Player solutions
Top player path

Algorithm 
solutions

Comparison	to	Algorithm

Closer	to	native
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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

Very	broad	appeal



Creativity



Drug	Design



Foldit PlayerDesigns



Accelerating	Neuroscience



Neuronal	Reconstruction

Goal:	produce	high	quality	reconstructions	at	
scale	by	developing	novices
and	speed	up	the	scientific	process	by	100x



http://mozak.science







Ontology	Classification





Temporal	Neuron	function



Modeling	conectome network



Optimal	Protocol	Scheduler

Automated	
method

Human	
Group

Consensus	
Computation

Human	Expert	
Feedback

Human	
Group

Human	
Group

Automated	
method

Automated	
method

Automated	
Tools

Automated	
Tools

Automated	
Tools

Consensus	
Computation



http://mozak.science



Rapid	Mastery





Why	Current	ML	Methods	Fall	Short

1. Ecosystem	models	do	not	exist
2. State	space	orders	of	magnitude	larger	than	

what	RL	methods	can	handle
3. Undesirable	exploration	sampling



Research	Frontiers
1. Parametric	synthesis	of	content	curriculum
2. Human-in-the-loop	ML	for	model	refinement
3. Policy	exploration	in	high-stakes	environment



Ideal	Action	Space:
Infinite	Curriculum



Content	Amplification
• Encodes	desired	thought	processes	which	
automatically	generate	content

• Produces	deep	learning	maps	with	knowledge	
connections





JumpMath and	Singapore	Math	
cover	a	tiny	part	of	the	full	space

Green:	Singapore	Math
Blue:	JumpMath





Question: can we diagnose such errors 
automatically?



if there	are	only	three	digits:
add	all	digits

else:
for	each	column:

add	column



Tractability	via	Model	Design



Three-Level	Specialization
1. Concept/Skill	Level
2. Practice	Problem	Progression
3. In-problem	through	process	scaffolding



Level	1



Personalized	progression	
through	skill	map



Level	2



Each	skill	has	a	detailed	
thinking	process	map



Personalized	progressions	
for	two	students	





Level	3



Real-time	Actions





Teacher	Actions







Algebra	Mastery	in	Elementary	School
3	equations	without	errors	with	behaviors	that	indicate	fluency

𝑎𝑥 + 𝑏 =
𝑐 + 𝑑
𝑒

𝑎𝑏𝑥
𝑏 + 𝑐 + 𝑐 + 0 = 𝑑 + 𝑦𝑧

𝑏 − 𝑐
𝑥 = 𝑐 + 𝑑	 − 𝑐



Washington	
Algebra	Challenge









Norway	Challenge
• 8	million	equations
• 42%	of	all	work	is	done	in	after	school	hours



Application	to	full	curricula
• Same	teacher
• Same	curriculum
• Paper	and	Enlearn platform



Teacher	Effects



3x



Student	Effects



4.5x



Current	Deployment
• Voyager	Sopris K-5	ELA	and	Math	
• 100	million	first	generation	learners	in	India

– basic	numeracy	and	literacy
– Deployed	by	Indian	non-profit	Ekstep

• One	of	the	largest	assessment	companies	in	US
– Generation	of	test	items	from	exemplars

• PBS	Kids	Scientific	Inquiry	(4	years	of	content)





Key	Frontiers
• AI	on	Human-Computer	Symbiosis	Architecture
• Focus	on	model	design/refinement
• Optimize	the	entire	ecosystem


