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The Eras of Computing

Cognitive Systems learn and interact naturally with people to extend what either humans or machines could do

on their own.
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Daniel Dennett, on Al

“The recent breakthroughs in AI have been
largely the result of turning away from ...
human thought processes and using the
awesome data-mining powers of super-
computers to grind out valuable connections
and patterns without trying to make them
understand what they are doing....It is very,
very hard to imagine ... the limitations of
entities that can be such valued assistants,
and the human tendency is always to over-
endow them with understanding”

https://www.edge.org/response-detail/26035
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Watson: A Cognitive System
s S

Understand Reason

With Watson, you can analyze and interpret all of your data, With Watson, you can provide personalized
including unstructured text, images, audio and video. recommendations by understanding a user's personality,
tone, and emotion.
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Learn Interact

With Watson, you can utilize machine learning to grow the With Watson, you can create chat bots that can engage in
subject matter expertise in your apps and systems. dialog.

Watson is available as a set of open APIls and SaaS products
https://www.ibm.com/watson/developercloud/
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The non-linearity of change...

“In the next 30 years more people will receive formal education than in all of
human history thus far” -- UNESCO
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Watson Based Cognitive Assistants For Learning Transformation

Educator Focused Learner Focused
A
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Watson Classroom Student Advisor Career Advisor Watson IntelligentTutor

Watson Enabled Cognitive Assistants for Education

Adaptive Learning Engines
IBM Watson: NLP, Machine Learning, Dialog, Concept insights, ...

Student Information Systems

Data and Content Management and Analytics Cloud Platforms

Softlayer Hybrid
Extensions

Content: Publisher and Open Education Resources
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An intelligent tutoring system (ITS) is a
computer system that aims to provide
iImmediate and customized instruction or
feedback to learners, usually without
iIntervention from a human teacher.



Past, Present and the Future of Intelligent Tutoring Systems

Mechanical Era Electronic Era Al Winter Present Day
Pressey Machine Al -based tutoring Modern ITS ITS’s revisited
1924 1950 - 1990 1974 — 1993 2006 -
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Adaptive Learning Reimagined: Watson Based Intelligent Tutor

Adaptive Learning Today

Multiple choice assessments
No real exploration or socratic inquiry

Focus on what next learning object is, not
how it is delivered

4. No affective compute based models
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IBM Approach

Image Interactive Augmented Reality (AR)

Natural language based socratic dialog

2. Analyzing natural language responses
and remediation

3. Multi-modal experiences
4. Instrumentation of the learning process



JILL WATSON:

Question-Answering with Watson in a MOOC
(A. Goyal et. al)

. Should we e aiming for 1000 words or 2000 words? | know, its variable, Dut that is a big di®erence

Jill Watson > There isn't a word imit, but we will grade on both depth and succinctness. It's important 10 explain your design
detail 50 that others can get a clear overview of your approach. It's also Important 10 keep things clear and shon

! Jill can you please elaborate on “It's important to explain your design in enough detall”.
what kind of design are you referring 10?7

Lalith Polepeddi wo | think Jil is using “design” as a catch-all staterment. For the midterm, it refers o the shortcomings of eack
technique. For the assignments and projects, it refers to the agent's approach

— oot ago Sure enough thanks Lalith

— im beginning 1o wonder if Jil is a computer, if there s anything this class has taught me, is that | should always q
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s %0 belleve that they are all humans; hopedully Ashok Goel has not created facebook and linked|

Imagine Discovering That Your Teaching .
Assistant Really Is a Robot

Students mostly couldn't te
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Jill Watson' wasn't human;
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9oth Grade Earth Science Pilot

Concept Maps overlaid with student mastery Tangible + Augmented Reality to teach chemistry

Dialog to engage students and assess Tangible + Augmented Reality to teach earth science
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Personalized one on one tutoring with Watson

' ' Analyzing Natural Language
Question Answering (Deep QA) yzing stag Related Concept Clustering
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- - Machine learning based
Conversation / Dialog AX7 Virtual Assistant ! ing

learner Modeling
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Pearson Taps IBM’s Watsonasa™
Virtual Tutor for College Students

— Artificial intelligence education software pilot expanding

— Watson can answer questions, assess students’ responses
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Watson Intelligent Tutor Demo
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Sesame + Watson = A friend who understands me!

Newborn 1Month 9 Month 2 Years Adult

S%naﬁse Density Over Time . L
Source: Corel, JL. The postnatal development of the human cerebral cortex Cambridge, MA: Harvard University press; 1975

~ 700 Neuronal Connections a second in the first few years
Critical time for language learning

Sesame and IBM Watson will create products that help kids become smarter, stronger
and kinder by harnessing the power of cognitive computing
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"Why, Dan," ask the people in artificial

intelligence, "do you waste your time EXPLAINED

conferring with those neuroscientists?
They wave their hands about 'information
processing' and worry about where it
happens, and which neurotransmitters are
iInvolved, but they haven't a clue about
the computational requirements of higher
cognitive functions." "Why," ask the
neuroscientists, "do you waste your time DANIEL C. DENNETT
on the fantasies of artificial intelligence? B,
They just invent whatever machinery they
want, and say unpardonably ignorant
things about the brain
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Assertion: Simultaneous Advances in Cognitive Science & Computing will Help
Transform Future Learning Experiences

Cognitive Neuroscience
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Learning Transformation

/e

\ g

ognitive Computing & Deh

interactivity (AR, VR, ...)




Research Questions

UNDERSTANDING LEARNING

» How is learning defined at various, inter-coupled levels of abstraction (molecular - cellular -

>
>

brain = behavior)?
How do we know learning has happened?
How is learning impacted by collaboration?

> ..

TESTING FOR LEARNING

What are some bio-, neuro-, and physical- markers of learning that we can determine?
What are all the sources of signals we can tap into to understand how we learn? What sensors should

>
>
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we be using?
What experiments should we be conducting?

Does skill training effect transfer to other tasks?

What technologies will help?

Does studying learning disabilities give us a better chance of understanding learning? If so why? And

which ones? (autism, dyslexia ...)

A\

LEARNING EXPERIENCES

What makes an effective learning experience? What does “effective” mean?
How do we keep learners engaged? Does engagement lead to learning?

>
>
>
>
>
>

What are the best learning experiences we can create?

How do we embody or encode these experiences in technology?
Should we incorporate VR into a classroom or a classroom into the VR?

—)
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Cognitive Load

Emotion Cognitive Flexibility
Conditioning
Stress
Reaction Time Transfer
Attention
Representation
Memory: Engagement

recall/retrieval/storage

Creativity _ Trust
R H . .
esarine Interruption Priming
Plasticity Scaffolding



Translational Agenda

Accelerating learning through technology, underpinned by neuroscience

........

Principles confirmed through Technology Enablement:

neuroscience Personalized intelligent tutoring systems with dialog,

rich student models, learner instrumentation, multi-

modal experiences, story telling and analogical
reasoning
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Cognitive Solutions: The path forward...and a nod to Marvin Minsky (1927 — 2016)

The Power of Combining Cogs
A model of human intelligence,
built up from the interactions of Combining relatively “simple” cognitive
simple parts called agents, services can yield surprising results...

which are themselves mindless
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