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“All technologies are important for
education only if they make our
children more Harwell.”



Al & Internet: 3 development periods
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Co-flourishing
Impact comes faster and bigger than we expect
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robotics, the Internet of Things, quantum
computing, broad chain, and others,

the speed of the world's change due to
technological infusion in the coming
decade may be several times that of the last

decade.



Due to the synergy of the Internet, Al, and
other technologies, the speed of the world's
change due to technological infusion in the
coming decade may double that of the last

decade.



However, ......

Schools are an exception.

Currently, schools are experiencing a slow pace of change due
to ‘institutional inertia’ and other reasons.

This situation cannot persist indefinitely.



De-schooling?

We first ask a question:

Should schools exist?

(because years ago people talked about ‘de-schooling.’)



Covid-19 broke out in 2020. 10 years before that,
I wrote in a paper (Chan 2010)

“Unless all parents one day work from home, unless the network communications
bandwidth one day increases to the point where interface-to-interface interactions can
supplant face-to-face interactions, schools will continue to exist.”

“Even if these two ‘unless’ conditions become true, schools will continue; this 1s
because with so many virtual worlds in which children engage or reside in the future,
the school may be the most precious place for nurturing real-world, face-to-face
socialization.”

“Schools will not disappear but change. When and how schools will change, however,
1s not clear.”



I’m not a prophet......

In 2010, | didn’t know COVID-19 would break out in 2020.

| didn’t know that schools would shut down, that students would have
to learn online, and that parents would have to work from home.

But COVID-19 proves one thing: School must exist!

And the educational experience during the Covid-19 pandemic has
heightened our concern about students’ wellbeing of learning.
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2.

3.

AIED2007 Keynote

The four problems

The productivity problem
the performance or output/input problem

The school restructuring problem Now, this leads
the problem how school is being transformed to this problem

The /lifelong, personalized curriculum problem
the extension of the Holy Grail problem of ITSs

The global educational goal problem
rethinking the educational goal from the global perspective



To tackle this problem,

We need to understand what the world, infused
with digital technology,

will be like and how it might evolve.

That is why we introduce the notion
‘Seamless Al World’.
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“The learning companion is almost there!”

| murmured to myself

when ChatGPT emerged.



What is a learning companion,
and why has everyone been suddenly talking about
technologies like ChatGPT or Generative Al

since 20227



Because it is going to pass the Turing Test
in various and subtle ways

Digital Resemblance

Intellectual
Emotion
Social Relationship
Value System

We cannot distinguish the Al companion we are interacting is
a real human or artificial human (virtual or robotic)
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Because the Rise of Al Companions (con’t)

Turning Test (1950)

Ping Pong Robot



https://www.youtube.com/watch?v=nmHzvQr3kYE

Because the Rise of Al Companions (con’t)

https://replika.com/
https://www.pcguide.com/ai/zoom-ai-companion/

https://anyflip.com/ekgm/gsfg https://neurosciencenews.com/ai-robot-loneliness-23612%/



A spectrum of
‘Al as a tool’ to ‘Al as an artificial human companion’

Al tools Al assistants Al companions

user initiative user initiative mixed initiative
(user & companion)
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How does Al empower learning?



“The further backward you look,
the further forward you can see.”

Winston Churchill




Turing Test for education?

Resembling human tutor?
Intelligent Tutoring Systems (ITSs)

SCHOLAR: The FIRST ITS
e Developed by Jaime R. Carbonell in 1970

SCHOLAR: The FIRST Chatbot for education

Al in CAl: An artificial-intelligence approach to computer-assisted instruction”
e ICAI
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Turing Test in education domain

Intelligent Tutoring System (ITS)
(Carbonell, 1970)



Bloom’s 2-sigma performance problem



SCHOLAR (1970)

The first chatbot for education

Student initiated interactions Mixed initiative interactions

*HOW MANY SQUARE MILES ARE THERE IN BRAZIL?*

*MIXINIT*

THE AREA IS APPROX 360000@. SQUARE MILES.

DO YOU WANT TO CHANGE THE GENERAL MODE OF THE INTERACTION
TO MIXINIT?

PLEASE ANSWER Y OR N.

*WHAT IS THE PRINCIPAL RELIGION IN URUGUAY?=*
THE PRINCIPAL RELIGION IN URUGUAY IS CATHOLICISM.

*

*Y ok
WELL, HAVE YOU MADE UP YOUR MIND? ¥

*THE PRINCIPAL RELIGION IN PERU IS ~--.% OK, MR. JONES. LET'S GO AHEAD.

I'M AFRAID T CAN'T ANSWER THAT. WHERE IS BRAZIL?

*IS IT TRUE THAT THE AREA OF URUGUAY 1S 7060907
THAT'S ABOUT RIGHT. THE EXACT ANSWER IS 79000.

PLEASE HURRY UP. I'M WAITING FOR YOUR STATEMENT.

*COULD YOU PLEASE INDICATE THE PRINCIPAL RIVERS IN
ARGENT INA?*

*IN SOUTHAMERICA*

I DON'T UNDERSTAND YOUR WORD "INDICATE™. I'LL GIVE I BELIEVE YOU MEANT TO TYPE *SOUTH AMERICA".

YOU ANOTHER CHANCE.

"
*THE PRINCIPAL RIVERS IN ARGENTINA ARE «===.% THAT'S RIGHT.

THE PRINCIPAL RIVERS IN ARGENTINA ARE THE RIO DE LA PLATA,
THE PARANA, THE URUGUAY RIVER, THE SALADO, THE
PARAGUAY RIVER, AND THE PILCOMAYO.

Socratic Dialogue 2



Knowledge Representation of the
domain knowledge in Scholar

' COUNTRY
{SUPERCY (6STATE INDEPENDENT))
(SUPERP4CONTINENT)
(EXAMPLES pARGENTINA
BOLIVIA/BRAZIL
URUGUHY U.S. VENEZUELA)
INENT [

CONT

SOUTH\AMERIC/
(SUPERCYCONTINENT)
(COUNTRIES SARGENTINA

URUGUAY VENEZUELA)

Fig. 2. Representation of a portion of a network on
America.
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Classical intelligent tutoring systems (ITSs)
(Self, 1974)

what

who how




The earliest chatbot?

Eliza

An early natural language processing
computer program at MIT

Joseph Weizenbaum (1966)



https://www.appypie.com/blog/what-is-a-chatbot

31



The origin of

Artificial Learning Companions (ALCs)



Learning with the Prince

e [tis assumed that the prince will learn better when he studies with his
classmate (in a social context)

e Supported by zone of proximal development (ZPD)




Vygotsky’s socio-cultural theory

Intelligent Tutoring System (lTS) Learning Companion System
(Carbonell, 1970) (Chan & Baskin, 1988)



learning with adaptive virtual learning companion

7PD-VLC 3

learning with average virtual learning com@‘nion

learning with average human peer

ZPD

individual learning

B — -

Zone of proximal development with respect to VLC (Chan, 1995/)



what

who why how

when

where
who (with)




Learning beyond knowledge acquisition

what

when
where
_ _ e
reflective affective  cognitive

social attitudinal




Expected outcomes of ALCs

1. Cognitive

2. Meta-Cognitive
3. Affective

4. Behavioral

5. Social
6. Well-being?

2222222222



Spectrum of ALC roles & strategies
(Chou, et al., 2024)
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(Chan, GCCCE1997)

teacher’s
secretary

student’s
secretary

learning
companion




My animal companions
Disneyficating the learner




Artificial Learning Companion (robotic)
(Shu, et al, 2007)




Artificial Learning Companions (virtua

by

TEmP  RAIN  YALER NUTRIENTS

TRAF LOW
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CREATE
QUESTION




Artificial Learning Companions (virtual)



Artificial Learning Companions (robotic)
(G. D. Chen & colleagues, 2006, 2010, 2022)



Artificial Learning Companions (robotic)
(Cheng, Wang, Yang, Yang, & Chen, 2021)



Lifelong Al learning companion
(Chan, 2000; Chan, et. al., 2001; Chou & Chan, 2003)

baby: learning companion as a magic cradle g

small kid: learning companion as a toy =
[ \




AIED2007 Keynote
The four problems

(Switch the order, considering its pressing need)

1. The global educational goalproblem

e rethinking the educational goal from the global perspective

2. The productivity problem
e the performance or output/input problem

3. The school restructuring problem
e the problem how school is being transformed Lifelong artificial
learning companions

partially respond
to this probem

4. The lifelong, personalized curriculum problem
e the extension of the ITS’s Holy Grail problem
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Back to the keynote at AIED'95

“Learning Companion Systems, Social Learning Systems,
and the Global Social Learning Club” (Chan, 1996)

_ _ Learning Beyond Cognition
Social Learning System Networked Social Learning

Environment Five Educational Goals

cognition, motivation,
sociability, attitude, ethics o



Stimulated by our networked learning research
that began in the late 80°s, I had a dream about

‘Global Social Learning Club’

(As a Program Co-Chair,
I established the theme of the ICCE1998 in Beijing as ‘Future of Global Education’)

Y



In 2000, we built a large online learning
community, EduCity,

possibly the largest one early in this century
(1.5 millions users in 2004)







2000




2001



2001
e-schoolbags

classroom
clickers




2002

one tablet per student
or
1:1 Learning



1012
President Ma’s Visit




2004
EduCart




2002

mobile learning

learning
in the campus



2002

mobile learning

Taipei Zoo
bird watching study




USA: National Education Technology Plan Draft 2010
EduCity established in the early 2000s was the first learning society in the world




But | noticed there was a seam there...

virtual learning community  1:1 learning in physical space

EduCities

(1.5 million people) /

EduTowns

(2,500 schools) _—
EduVillages

(20,000 classes)




Co-authoring
one-to-one Technology Enhanced Learning &
seamless learning notion




Seamless Learning
International Researcher Coauthors

Asia
Tak-Wai Chan, National Central University,
Taiwan

Chee-Kit Looi, Nanyang Technological
University, Singapore

Europe
Mike Sharples, Nottingham University, UK
Nicolas Balacheff, Laboratoire Leibniz, France

Pierre Dillenbourg, Ecole Polytechnique Fédérale
de Lausanne, Switzerland

Marcelo Milrad, Vaxjo University, Sweden
Ulrich Hoppe, University Duisburg-Essen

America

Jeremy Roschele, Stanford Research
International, USA

Roy Pea, Stanford University, USA
Elliot Soloway, University of Michigan, USA
Sherry Hsi, The Exploratorium, USA

Charles Patton, Stanford Research
International, USA

John Cherniavsky, National Science
Foundation, USA

Cathie Norris, University of North Texas, USA

Marlene Scardamalia, University of Toronto,
Canada

Africa

Tom Brown, University of Pretoria, South Africa



Seamless Learning Space

seamlessly learning across over
learning scenarios from
Physical Space X Virtual Space X Social Space

Physical Space X Virtual Space: classroom, campus, home, museum, etc.
Social Space: individual, small group, class, online community, agents, etc.



Seamless Learning: a long definition

(International Researcher Coauthors, 2006)

“Seamless learning implies that a student can learn whenever they are
curious in a variety of scenarios and that they can switch from one scenario
to another easily and quickly using the personal device as a mediator.
These scenarios include learning individually, with another student, a small
group, or a large online community, with possible involvement of teachers,

mentors, parents, librarians, workplace professionals, and members of
other supportive communities, face-to-face or at a distance in places such
as classroom, campus, home, workplace, zoo, park, and outdoors.
Seamless learning space refers to the collection of the various learning
scenarios supported by one-to-one technology.”




“... marked by a continuity of the learning
experience across different environments.”



Mainly advocated by Lung-Hsiang Wong & Chee-Kit Looi

7 books on seamless learning



Imagination of metaverse

But much more beyond AR/VR/MR




Metaverse VS Seamless World



Metaverse VS Seamless World

e Metaverse is an interconnected digital world that seamlessly integrates

physical and virtual spaces (Chris Wang, MetaACES2(22)

e Seamless World is a real world that seamlessly integrates physical and

virtual spaces
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We may define
Seamless Al World

A real world that seamlessly integrates all things, including

physical and virtual spaces and empowered by Al



More specifically,

Seamless Al World

is a world in which resource

can be seamlessly and equitably accessible, Al-empowered and safe!
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1.

2.

3.

Seamlessness?

Talking about Seamless AT World, should we define ‘seamlessness’?

If we should, will there be

e accessibility seamlessness
° digital support

e continuity seamlessness
° continuity of activity across time, physical & social spaces

° resemblance seamlessness
° digital resemblance

If we should, will there be

° ‘well-seamlessness

° ‘ill-seamlessness’
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