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Question 1:

How can we make (higher) education

accessible and affordable?



Answer:

Online and blended education



Question 2:

How can we make online education

efficient and effective?



Answer:

Use AI to support online 

teaching and learning



Question 1:

How can we make (higher) education

accessible and affordable?

Answer:

Online and blended education





Largest MS in CS Program in the US

Spring 2014: 200 students

Spring 2020: ~10,000 students

Approximately 10% of all MS students in the US

Highly selective

Fully accredited

Only $7,000 - $8,000 in tuition fees



OMSCS 7637: Knowledge-Based Artificial Intelligence



Motivations

1. To propagate Knowledge-Based AI to a 

larger group of students.

1. To use the learning sciences to design the 

online learning class. 

1. To conduct research into

online learning.

4. To use AI to support online learning.



Methodology

Design-Based Research

Formative Assessment

Quasi-Experimental Study



Course Design and Background

● Course on Knowledge-

Based AI (Cognitive 

Systems)

● 16-week course with 26 

~1-hour video lessons, 

each with ~6 interactive 

exercises

● 200 online students, 75 

in-person students, 

taking the identical class 

in parallel

● 8 written assignments, 4 

individual projects, 2 

exams

● Interaction via Piazza, T-

Square, and a dedicated 

Peer Feedback tool

● Blind grading: graders 

are unaware of which 

students are online and 

which are in-person



Learning Strategies

Learning by Example

Learning by Doing

Authenticity

Project-Based Learning

Learning by Reflection

Peer-to-Peer Feedback

Learning by Teaching

Personalized Learning

Collaborative Learning

Communities of Practice



Learning by Example & by Doing

http://youtube.com/v/HcEEC4oQ6o0
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Learning by Example & by Doing

http://youtube.com/v/crQtyihpICw


Learning by Example & by Doing

150 exercises across 26 lessons:

~6 exercises per lesson, approximately an 

exercise every 8 minutes

Every exercise equipped with a “nanotutor”, an 

AI agent narrowly targeting the skill of that 

exercise



Project-Based Learning
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Project-Based Learning



Project-Based Learning

Four projects, each with program code and a 

reflective design report

Eight written assignments, each tying into the 

four projects



Student Performance on the Projects

Number of Problems Correct

Project 3 Stats

Median: 27

Mean: 26.1

Best: 38/40



Question 2:

How can we make online education

efficient and effective?

Answer:

Use AI to support online teaching and 

learning



Teacher Presence?



Teacher Presence?

Social Presence?



Teacher Presence?

Social Presence?

Cognitive Presence?



Teacher Presence?



Teacher Presence
AI TAs for course management

AI Agents that live in the class discussion forum

and automatically answer student questions

Administrative questions

Questions about Assessments 



Discussion Forum → Virtual Classroom



Can we automate question answering in a way that 

students cannot tell that the answer coming from a human 

or a virtual teaching assistant?

Three dimensions of evaluation:

Coverage

Correctness

Authenticity

Research Question



Jill Watson 1 used IBM’s Watson Tool

Question Answering based on previously answered questions



Question
Answer

CATEGORY 1

Question Answer

CATEGORY 2

Question Answer

CATEGORY 3

Focus on Questions about Assessments



Question Answer

CATEGORY 1

Question Answer

CATEGORY 2

Question Answer

CATEGORY 3

Question



Question Answer

CATEGORY 1

Question Answer

CATEGORY 2

Question Answer

CATEGORY 3

Question



Question Answer

CATEGORY 1

Question Answer

CATEGORY 2

Question Answer

CATEGORY 3

Question Answer
Confidence: 97%



Spring 2016 KBAI Teaching Staff



Enter your message…

What is the allowed maximum running time the 

agent can take to solve one problem? Is there 

any constraints on the running time?

Assignments can be at the level of a high 

level software design. You need to give a 

level of detail to show that you have mastered 

the topic you are covering, as well as to aid 

you in creating a rough implementation for 

your projects.

Send

Jill Watson

Initially some of Jill’s  answers were incorrect ….

… because of insufficient training data.



Enter your message…

Are we allowed to use any modules from 

PILLOW? Sorry, if this was already stated 

somewhere.

In Python, the only permitted libraries are the 

latest version of the Python image processing 

library Pillow and Numpy. You can use all 

modules inside these external libraries. No 

external libraries are permitted in Java.

Send

Jill Watson



Enter your message…

Question to those who’ve tried submitting already, 

how did you submit any extra files you created?

Please submit as a PDF. There isn't a 

specific format for the file name, so you can 

name it what you'd like.

Send

Jill Watson



Should we be aiming for 1000 or 2000 words?

Jill, can you please elaborate on what kind of 

design you're referring to?

There isn't a clear word limit, but it is 

important to explain your design in enough 

detail so others can get a clear overview of 

your approach.

Jill Watson

I think Jill is using "design" as a catch-all 

statement. For assignments and projects, it 

refers to the agent's approach.

Lalith Polepeddi



Small sample of student reactions

▪ "This is incredibly cool.”

▪ "Mind blown.”

▪ "Just when I wanted to nominate Jill Watson as an outstanding 
TA!”

▪ "This is awesome! Any chance I could share it within my 
company?”

▪ "Wow - that's hilarious. ... , for one, welcome our AI overlords.”

▪ "I feel like I am part of history because of Jill and this class! :))))"



State of the Art in 

Fall 2020

Jill Watson 5:

Our own semantic

technology







Jill Watson Performance



Jill Watson 3’s 

performance

Dimension 3 -

Authenticity:

About human-level



Instructor Traits and Effectiveness

Jill Watson appears to have 

three personality traits:

• Conscientiousness

• Grit

• Joyfulness

According to the literature on learning sciences, these are 

also three of the main traits of effective teachers.

Impact of Jill Watson on Student Learning



Student Performance:

Initial evaluation indicates 

that prompt feedback leads 

to enhanced engagement. 

Jill Watson is very prompt. 

Impact of Jill Watson on Student Learning

Delay in feedback Δ

Student
Performance

π



Agent Smith:

Use AI to Create AI



Teacher Presence

Social Presence?



Student Introduction

Whats your name?

Where are you located?

Why are you taking this class? I have always 

been interested in AI, and the research aspect 

should do me good for the future

What other OMSCS classes have you taken?

What else do you like to do?

What else would you like to share with us?



Jill Watson’s Response

Hi “…..”, nice to meet you. Before starting 

this program, I didn’t know much about AI. 

I think you are going to enjoy this class. 

When I took it, it really changed how I 

think about AI.







Teacher Presence

Social Presence

Cognitive Presence?



Learning by Example & by Doing

http://youtube.com/v/HcEEC4oQ6o0


Project-Based Learning



Some numbers from the online class

● Started in Fall 2014

● Offered each term (typically including summers)

● >6,000 students have completed the online KBAI course (interacted 

with the nanotutors)

● >3,000 students have interacted with Jill Watson

● >100 (human TAs)



Student performance in online classes: 

Completion ratio

Completion ratio in the OMSCS class is about ~80%:

Just slightly lower than the residential class



Some numbers from the residential class

● Offered each fall 

● ~100 students each term, >500 students since Fall 2014

● Blended Learning

● Same instructor, syllabus, structure, pace, assessments in online and 

residential sections

● Blind grading; TAs don’t know whether assignment is from 

residential or online section



Student Performance (KBAI class, Fall 2014)

Maximum

points

Online students

(Mean)

Residential students

(Mean)

Assignment 1 4 3.9 3.52

Assignment 3 4 3.95 3,53

Assignment 6 4 3.86 3.62

Project 2 100 92.74 89.64

Project 4 100 92.0 88.5

Final Exam 75 93.76 93.48

Final Grade 100 92.32 91.31



Student performance in online classes: 

Assessments

Online students have typically performed about as well as the 

residential students. 

But is this due to demographic differences 

between the student populations?

So in Fall 2018, we received permission from the Georgia Tech 

Provost to offer an online section for residential students. 



Self-Regulated Learning

Social Psychology of Learning

1. Intrinsic Value 

2. Cognitive Strategy

3. Self-Efficacy

4. Teaching Assistance



Self-Regulated Learning

Fall 2017

N = 73

* Mean ± STD Mean Diff. Std. Error p-Val t-Stat Effect Size

Self-Efficacy 5.717 ± 0.789

5.444 ± 0.789

0.273 0.094 0.005 2.888 0.350

Cognitive 

Strategy Use

5.665 ± 0.777

5.584 ± 0.758

0.081 0.087 0.357 0.928 0.115

Intrinsic 

Value

5.764 ± .964

5.997 ± 0.793

-0.232 0.101 0.025 -2.294 0.28

Confidence 

in Teaching 

Support

6.085 ± .812

5.829 ± 0.831

0.225 0.088 0.005 2.879 0.35



Impact of Jill Watson on Student Learning

Social Psychology of Learning

Student Survey: 7-Point Likert Scale

( 1= not at all true of me,  

7= very true of me)

All four measures were ~6 on the 1-7 Likert scale

Further, student’s assessment of teaching support

increased from 6.14 to 6.31 over the term

(Spring 2017)



Challenge 1: Technology: Human-AI 

Interaction



Challenge 2: Medium: A Jill for every class and 

teacher, and every student and parent in the 

world



Agent Smith:

Use AI to Create AI



Challenge 3: AI as an 

Actor: Human-AI Co-

Existence

An (unplanned) social experiment in human interactions with 

AI’s, and with one another in the presence of AI’s.

How do humans perceive AIs? How do AI’s perceive 

humans?

How do we construct ethical AI’s? What does it even mean?

How will we – humans - live, work, learn and play with AIs?



TWO OPPORTUNITIES 

Human 

Cognition

Human 

Learning
Artificial 

Intelligence?

Human 

Cognition

Human 

Learning

?

Artificial 

Intelligence

Q1: Given what we know of 

human cognition and 

learning, what new AI 

techniques can we invent to 

help make education more 

accessible and affordable, 

efficient and effective?

Q2: Given what we know of 

human cognition and AI, 

what new models of 

learning can we invent to 

help make learning more 

accessible and affordable, 

efficient and effective?
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