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Engineering’s Grand Challenges

Make solar
energy
economical

Manage the
nitrogen cycle

Advance health
informatics

Prevent nuclear
terror

Advance
personalized
learning

Find out more about any of these Grand Challenges:

Provide energy
from fusion

Provide access to

clean water

Engineer better
medicines

Secure
cyberspace

Engineer the tools

of scientific
discovery

Develop carbon
sequestration
methods

Restore and
improve urban
infrastructure

Reverse-engineer
the brain

Enhance virtual
reality




Overview

 The Context
* Technologies

* Adaptive E-Learning Systems vs.
Learning Management Systems (LMNS)



Major Aspects of AIS

* What 1s adaptive?
— Adaptive sequencing of educational tasks

— Adaptive content presentation

— Adaptive ordering of search results

e What kinds of information about user?
— User knowledge
— User interests

— User individual traits



Why Adaptive E-Learning?

Adaptation was always an issue in
education - what 1s special about the Web?

greater diversity of users
— “user centered” systems may not work
new unprepared’ users
— traditional systems are too complicated

11 7
users are alone
— limited help from a peer or a teacher



Technologies

Origins of AEL technologies
ITS Technologies

AH Technologies

“Native” Web Technologies



Origins of AEL Technologies

N/




Origins of AEL Technologies (1)




Technology inheritance examples

e Intelligent Tutoring Systems (since 1970)
— CALAT (CAIRNE, NTT)
— PAT-ONLINE (PAT, Carnegie Mellon)

e Adaptive Hypermedia Systems (since 1990)
— AHA (Adaptive Hypertext Course, Eindhoven)
— KBS-HyperBook (KB Hypertext, Hannover)

e ITS and AHS
— ELM-ART (ELM-PE, Trier, ISIS-Tutor, MSU)




Technology Fusion

Adaptive Web Adaptive Educational
Systems



Origins of AEL Technologies (2)




Inherited Technologies

e Intelligent Tutoring Systems

— course sequencing

— intelligent analysis of problem solutions

— Interactive problem solving support

— example-based problem solving

* Adaptive Hypermedia Systems

— ac

aptive presentation

— ac

aptive navigation support



How to Model User Knowledge

e Domain model

— The whole body of domain knowledge is
decomposed into set of smaller knowledge units

— A set of concepts, topics, etc
e Student model

— Overlay model

— Student knowledge 1s measured independently
for each knowledge unit



Simple overlay model

Concept 4
ConceM no
yes Concept N
Concept 2 no
yes
no
yes
Concept 5

Concept 3



Weighted overlay model

Concept 4
ConceM 3
10 Concept N
Concept 2 0
7
2
4

Concept 5

Concept 3



Course Sequencing

* Oldest ITS technology []—@ — A

— SCHOLAR, BIP, GCAL... l
e Goal: individualized A—4A—@
“best” sequence of l
educational activities A — U . U
— information to read l
— examples to explore
A—0@—@

— problems to solve ...

e Curriculum sequencing, !
instructional planning, ... U ' A



Course Sequencing

e What 1s modeled?

— User knowledge of the subject
— User individual traits

* What 1s adapted?

— Order of educational activities
— Presentation of hypertext links
— Presented content

— Problem solving feedback



Active vs. Passive Sequencing

e Active sequencing
— goal-driven expansion of knowledge/skills

— achieve an educational goal

e predefined (whole course)
* flexible (set by a teacher or a student)

e Passive sequencing (remediation)

— sequence of actions to repair misunderstanding
or lack of knowledge



Levels of sequencing

* High level and low level sequencing




Sequencing options

* On each level sequencing decisions can be
made differently

— Which item to choose?
— When to stop?
e Options
— predefined
— random
— adaptive
— student decides



Simple cases of sequencing

* No topics
* One task type
— Problem
sequencing
and mastery
learning

— Question
sequencing

— Page
sequencing



Sequencing with models

* Given the state of UM and the current goal
pick up the best topic or ULM within a
subset of relevant ones (defined by links)

e Special cases with multi-topic indexing and
several kinds of ULM

* Applying explicit pedagogical strategy to
sequencing



Sequencing for AES

 Simplest technology to implement with CGI
e Important for WBE

— “no perfect order”
— lack of guidance

* No student modeling capability!

— Requires external sources of knowledge about
student

— Problem/question sequencing 1s self-sufficient



ELM-ART: question sequencing

fl = —-———————Netscape: EIM-ART: Lisp-lowrse =B B

i (=] [ S [ = (1 N A

@ LISP Course
@ Lesson 1
@ Datatypes .
2 dtoms (exercises solved) .. C——_—_—_—1 H
2 S-Atom {exercises solved) ... C_—_—_—__
= Numbers {with exercises) .. [
# Lists (exercises solved) ... C__—_—_—__
2 Mested Lists {exercises solved) ... C____1
@ Empty List, NIL, and T (with exercises) ... BN P Co

® Fes?&gﬁ Dsts Types ...

All tasks in the last exercises were solved correctly.
However, you should work at some more tasks.

Exercises .
EXERCISE

4|l »
Is the character string a mumdier?
store
-0,4e+4
O '\’.93 HELF
@ No

Is the character string a st

1
@VBS

O No

;

T”\Q)I ‘Working at this page is not yet recommended.




SIETTE: Adaptive Quizzes
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Models in SIETTE

Domain knowledge

Teaty Tasty

Tests

Tasty

Teat,




Beyond

Static Referencing Environment

Sequencing: Generation

=10l x|

Format  \iew

Generate

Options

Help

pragram main;
var a: Boolean;
var i Boolean;

Assuming static scoping is used, select all the variables which lie
within the non-local referencing enviorment of Lanbda,

procedure lambda;
var o: Integer;
var b Integer,
var a: Char;

pracedure chi;
var c: Boalean,
war r. Char,
var p. Char;

pracedure iota;
var a: Boolean;
begin {iota}

end {iota)
begin {chi}

end {chi)

pracedure kappa;
var g Char;
var ¢ Char,
var ¥ Char,

pracedure rho,
var g Integer;
begin {rho}
end {.r.ﬁo}
hegin {kappa}

end {.k.appa}
hegin {lambda}

end {lambda)

procedure zeta;
var g: Real;
varx Boalean;
var a: Real;

pracedure tau;
var a: Char;

procedure ¥
varx Char,
i it

N

1]

YoWr response: main.a D
Correct answer: Mone
These were incorrect: main.a

maihga: The variable a has been redeclared in lawhda. Therefore, main
.a iz not i the non-local referencing erviranment of Lanbda.

Select New pioblem to generate another problem of this
type, or sedsct any mexnu option.

E

ANV

4]

Elapsed Time 2:56 Time Remaining

24

5 L4
| New Problem

|Ja\ra Applet Window




Adaptive Problem Solving Support

e The “main duty” of ITS
 From diagnosis to problem solving support

* Highly-interactive support

— 1nteractive problem solving support

e Low-interactive support

— intelligent analysis of problem solutions



Adaptive Problem Solving Support

e What 1s modeled?

— User knowledge of the subject
— User individual traits

* What 1s adapted?

— Order of educational activities
— Presentation of hypertext links
— Presented content

— Problem solving feedback



Intelligent analysis of problem
solutions

Intelligent analysis of problem solutions
Classic system: PROUST

Support: Identifying misconceptions (bug
model) and broken constraints (CM)

Provides feedback adapted to the user
model: remediation, positive help

Low interactivity: Works after the (partial)
solution 1s completed



Example: ELM-ART

nNeeeerrrrv————— Netscape: ELM-ART: Lisp-Course =]
el S 2 A >0 =00) Sl
elﬁ] TUTOR HRP MODEL BACK NE:T FR; %IIN'E?‘ SEARCH EVAaL
-~
@ LISP Course = " P
@ Lesson 1 —
@ Self-defined Functions
@ Further Tasks
2 4REA-OF-SQUARE ( programming task solved)
= RECTANGLE-AREA {programming task)
@ CUBOID-YOLUME-NEY {programming task)
@ WEIGHT-0F-PURCHASE {programming task)
0
1J.
RECTANGLE-AREA
Define a function RECTANGLE-AREA, that takes as input the side lengths of a -
rectangle and calculates its area.
Examples: 5 .
(RECTANGLE-AREA 3 5) =
15
(RECTAWGLE-AREA 4 2)
8
(RECTANGLE-AREA 0 10)
0
Type in your solution here:
(defun r-a (noml num2) 1= —
(* oml num2)) <Ll »
store
« [l IC
[ define ][ diagnosis ]
[ Return formatted code
show ixampl_e
v
:rﬂ\OJI Shows an example that may help to solve the problem. | 2




Example: SQL-Tutor

AR http://132.181.10.22:0000/ sql-tutor /respond-to-main-form - Microsoft Intemet Explorer =101 x|
| Be £ Yew Fawetes Iodk Heb | @ |
| wagack » = - ) ) A Qsewch [sjFavorkes (PHstory | v L W] - =)

| Address [£] herp://132.181,10.22-8000] sqhtubce Jrespond-to-man-foem > P60 ks ®

Feedback Lavel M Submat Answer m

Schema for the COMPANY Database

The geaeral description of the database Is avallable here, Clicking on the name of 3 table brings wp the table details, Primary keys i the
stribute list are ynderlined, foreign keys are in Halicx
Table name Attribute list
DEPARTMINT DNAME DNUMBER MGR MGRSTARTDATE
EMPLOYEE IED LNAME MINIT FNAME BDATE ADDRESS SEX SALARY SUPERYISOR DAMVO
CEPT LOCATIONS DAUSFER DLOCATION
PROMCT PNAME PNUMBLE PLOCATION DAUS
WORKS ON EIRD PNQHOURS
DEPENDENT £IKD DEPENDENT NAME SEX BOATE RELATIONSHIP




Interactive Problem Solving
Support

e (Classic System: Lisp-Tutor
e The “ultimate goal” of many ITS developers

* Several kinds of adaptive feedback on every step
of problem solving

— Coach-style intervention

— Highlight wrong step

— What is wrong

— What 1s the correct step

— Several levels of help by request



Example: PAT-Online

You have just been promoted at PAT-E-OH Furniture Inc. and hawve received a
raise to $5.50 per hour.

1. How much would you get paid if you worked 5 hours?

2. How much would you get paid if you worked 25 hours?

3. How much would you get paid if yvou worked 10 1/2 hours?

4. How much would you get paid if you worked 100 hours?

5. How much would you get paid if yvou worked 200 hours?

6. If you plan on working 10 hours a week during a forty week school year, what
would be your total earnings be for the entire year?

For the formula, define a variable for the time worked and use this variable to
write a rule for your total pay.

Heading  Time worked Earnings

Unit [Hour 4| @ | ©
Formula | @ | ©
Question 1 | @ | @




Example WADEIn

ploration Mode

1. Expression: () predefined TR B

STOP !

> 2. Variables: Integer: A [10 B G
e LUouplie L

Original Expression —=K * 3 / 2 4+ L++
Correct Order @ (2]

K 9.0 L 20.0

9.0 * 3 / 2 + L++

© ) ) Evaluate Expression

The value of '9.0 *3' is ...

27.0|

~,:Cancel ' ( OK )

E Step E’E]Operator‘EEExpression‘E]

User: peterb | Current topic: Increment / Decrement

http://adapt?2.sis.pitt.edu/cbum/

back to topics list



Problem-solving support

 Important for WBE
— problem solving 1s a key to understanding
— lack of problem solving help

e Hardest technology to implement
— research 1ssue

— implementation 1ssue

e Excellent student modeling capability!



Models for interactive problem-
solving support and diagnosis

e Domain model
— Concept model (same as for sequencing)
— Bug model
— Constraint model

e Student model

— Generalized overlay model (works with bug model and
constraint model too)

* Teaching material - feedback messages for bugs/
constraints



Bug models

e Each concept/skill has a set of associated
bugs/misconceptions and sub-optimal skills

e There are help/hint/remediation messages for
bugs



Do we need bug models?

e Lots of works on bug models in the between
1974-1985

 Bugs has limited applicability

— Problem solving teedback only. Sequencing
does not take bugs into account: whatever
misconceptions the student has - effectively we
only can re-teach the same material

— Short-term model: once corrected should
disappear, so not necessary to keep



Models tor example-based
problem solving support

* Need to represent problem-solving cases
e Episodic learner model

— Every solution 1s decomposed on smaller
components, but not concepts!

— Keeping track what components were used and
when - not an overlay!

e ELM-PE and ELM-ART - only systems that
use this model



Adaptive hypermedia

Hypermedia systems = Pages + Links

Adaptive presentation

— content adaptation

Adaptive navigation support

— link adaptation

Could be considered as “soft” sequencing

— Helping the user to get to the right content



Adaptive Navigation Support

e What 1s modeled?

— User knowledge of the subject
— User individual traits

* What 1s adapted?

— Order of educational activities
— Presentation of hypertext links

— Presented content

— Problem solving feedback



Adaptive Annotation: Icons

S

] Netscape: ACT-R Lesson Units

ACT-R Lesson Units R et | 7

«Unit 0: Interpreting Production Eules — P =

@ Sertion 0.1: Prosiuction Rule Forms 4 1

$0.1.1 Declarative Units in ACT-R Help 7

0.1 2 Production Rules in ACT-R —— -

T~ #0.1.3 Production Rule Formas eare :
¥0.1 4 ACT-R's Condition Form i Hint 7

¥0.1.5 ACT-R's Action Side

Background:

@

Hie el

ACT-R

0.1.1 Declarative Units in ACT-R-

declaranve

Mowledge

In ACT-R~, elernents of declarative knowledges are called
chunks~ or WMEs~ (for working memory.~ elements).

InterBook system
1. Concept role 3. Current section state

2. Current concept state 4. Linked sections state



Adaptive Presentation

e What 1s modeled?

— User knowledge of the subject
— User individual traits

* What 1s adapted?

— Order of educational activities
— Presentation of hypertext links
— Presented content

— Problem solving feedback



Example: SASY

2 v o rebMas s Moprses ANE DAY Saie?

D Mip iAwww, s, 1

B B Ben Fpows [k b
Ow -0 WEAG Ped ireem @ -5, W-)D 3

__Home Conterts  Your Profile  Make Notes Feedback

Parsonalisation

Plan Your Next Escapel

S neme removed
Adrenaln Junkie Junket 2 e ncluded
QUEArETomn i known 35 the a0ton Cazdtdl of New Zealnd, Treve is plenty to 60 yeor
round ard & offers grest food, accomreadation and entartainmnent, and need we mention -
A0 ANeDTe sraw season!

o

Guthreys Pacifc has » saven days/as nights package to Chrisschurch and domestic fight
to Quesnstoan. Proes are $3948 from Sydney

Thare are plentlty of bars and chubs where you mate mest sormecns specin |

2 http:/Ahvww s, usyd. edu. aw/~marekfsasy/explain. cgi?ottr-mod. .,

JASY believes You're seelang edventiuze beceuse:

e SASY assumed you're siterested i an adventure hobiday Decause tias type of
hobday 12 very pogulas with singls people

This caused content to be included/removed from the pege. If this 15 wrong ot no
loeger trae, ik ks 10 update yous prodile.

Scrutable adaptive
presentation

s HUL DAY St 2 e W romlt lnleenet

VeormandusesyA os

e & Yew Pportes Joch ek

Qs Q H DG P Joroms @ (3-5 B -
Home Conterts Your Profile  Make Notes  Feedback

Instrustions:

Key: e Content removed (not shown to you)
o Content nduded just for you
* No colowr - content noiuded for sveryore

Plan Your Next Escape!

Wine Country T
w&_mnymm
One of the ¢ t places LIS setng abwinse b Lodge, located on the Towsr Estate. Tre

estate has two haghly regarded restaurants Robert's and Blasdand plus the boubgue Tower
Winery . The well-known winamakar and bon vivant Len Evare gathered 13 busness
asvocistes from homm and sbroad to sxtabinh Tower Lodge.

Hold y our mosse over & colowed section to see the reason for the personaisation.

<pnrer

. B3

Personalisation

8 itere ramoved
2 iterms nciuded

Batum to noomal
Rage Vaw

Your profie says:

T -
Qm

http://www.cs.usyd.edu.au/~marek/sasy/




Adapting to User Knowledge:
Other Ideas

* Adaptive interface

— Presence of menus and widgets in an
educational applet can be adapted to user
knowledge

e Educational animation and simulation

— Adaptive explanations
— Adaptive visualization



Demo: WADEIn

® Predefined 3/2)-14+5*6 v
© Custom Set everything and

START the evaluation

Goals and Progress 1. Expression:

Monitor your progress
with operations that
are your current goals 2. Mode: @® ExplurationG@ Knowledge Evaluation

3. Variables: Integer A& fi0 B po | c po |
Double K hoo L boo Select one of the predefined
B expressions OR type in your

own

Original Expreggian 1 4 ( K * 3 / 2 ) = ( 4 + 5 ) * 6

Correct Order

Navigate the
evaluation of the
current expression

Go slowly on a step-by-step
basis attending all the
changes on the screen

Go quicker sl
operators

Quickly jump to the
beginning or the end of the H
evaluation




Adapting to Individual Traits

e Source of knowledge

— educational psychology research on individual
differences

 Known as cognitive or learning styles

— Field dependence, wholist/serialist (Pask)
— Kolb, VARK, Felder-Silverman classifiers



Style-Adaptive Hypermedia

 What 1s modeled?
— User knowledge of the subject

— User individual traits

* What 1s adapted?

— Order of educational activities
— Presentation of hypertext links

— Presented content

— Problem solving feedback



Style-Adaptive Hypermedia

e Different content for different style
— Recommended/ordered links
— Generated on a page
— Mixed evidences in favor

* Different navigation tools for different styles
— Adding/removing maps, advanced organizers, etc.

e Good review:

— Bajraktarevic, N., Hall, W., and Fullick, P. 2003. Incorporating Learning
Styles in Hypermedia Environment: Empirical Evaluation, In Proceedings
of Workshop on Adaptive Hypermedia and Adaptive Web-Based Systems,
Nottingham, 41-52. http://wwwis.win.tue.nl/ah2003/proceedings/
paper4.pdf



Example: AES-CS
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Interface for field-independent learners



Example: AES-CS

yolbs
Toolbar

I
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Interface for field-dependent learners



Style-Adaptive Feedback

 What 1s modeled?
— User knowledge of the subject

— User individual traits

* What 1s adapted?

— Order of educational activities
— Presentation of hypertext links
— Presented content

— Problem solving feedback



Overview: Classic Technologies

What? Knowledge Styles

Order of Sequencing ?

activities

Feedback Adaptive Style-adaptive
diagnosis feedback

Content Adaptive Adaptive

presentation presentation
Links Adaptive Adaptive

navigation support

navigation support




Origins of AEL Technologies (2)




Native Web Technologies

e Availability of logs
— Log-mining
— Intelligent class monitoring
— Class progress visualization

* One system, many users - group adaptation!
— Adaptive collaboration support

* Web is a large information resource - helping to
find relevant open corpus information

— Adaptive content recommendation



Modern Fusion Technologies

e Collaborative Content Recommendation
— Logs, CF, sequencing
— Challenge — changing context

* Social navigation
— Collaboration, logs, ANS

e Learning Analytics
— Helping the teacher and the process
— Logs, visualization, data mining



What You Can Get from Logs?

Log processing and presentation

— Presenting student progress on topic and
concept level: making sense of class

Course/site improvements
Grouping users by learning styles

Intelligent class monitoring

— Comparing progress, identifying students way
ahead and behind



Adaptive Collaboration Support

Peer help
Collaborative group formation

Group collaboration support
— Collaborative work support
— Forum discussion support

Mutual awareness support



Personalized Access to
Educational Resources

e A lot of resources are available on the Web
and 1n educational DL/Repostitories

* A new direction of adaptation - provide
personalized access to these resources
— Content based recommender

* Adding advantage of community wisdom
— Collaborative recommender systems

— Social navigation systems



Modeling User Interests

e Concept-level modeling

— Same domain models as in knowledge
modeling, but the overlay models level of
interests, not level of knowledge

 Keyword-level modeling

— Uses a long list of keywords (terms) in place of
domain model

— User interests are modeled as weigthed vector
or terms

— Originated from adaptive filtering/search area



Use of Profiles in AES: ML Tutor

ML Tutior

ML Tutor

(sd & | -
Foretetet Hotory 1 Eit

Links & ]FreeHotmal & ]Inbemet Explorer Mews @] Intemet Start & ] Windows

ML Tutor's

suggestions

Web Site Bookmarks

E rwiroramenital Probilems ) = '-J - _d&- Hr
i Fan 2000 acichan 2000 him
C il ok ']

Clear Air Action _:""’ “I;I";"'hIT

Deme Depletion oTonecepleion him

& [ ol intemet
i Stant| TP Micsosol Word - Document_| €] MLT utor - Micsosol brtsre | [ ML Tutor W Java Conole | [Wdk® 16




Social Computing for WBE

Web 2.0 for education

Collaborative resource discovery systems
— CoFIND
— UMtella (Demo)

Presence-based collaboration (Educo)

Social navigation support for open corpus
resources (Knowledge Sea II)

Social guidance (Progressor)



Example: UMtella

|

The Social Web at Pitt Logout

(—————————— "}

Peter
Welcome Select Community Search Create Community Share Link Share File Discussion Community
:Current Community: The Social Web at Pitt Favorites Add to My Communities Help
Keyword: | Global Search: ~
Start Time:| E=H End Time:| s Search
Tags:
Result: <<Previous Nexi>> Total: 12 Page(s) Current Page: 1
Resource Shared by ::{E:;‘: .Iyi:::s Reviews Favorite? Info

i@ PHD Comics: Facebook Hoyt 3 6 1 + Detail Remark
@ Web 2.0 ... The Machine is Us/ing Us John Harkins 3 6 1 + Detail Remark
@ Chris Anderson discusses the long tail Savinell 2 2 1 + Detail Remark
;@ Social Navigation Hoyt 2 2] 1 + Detail Remark
@ Social Networking in Plain English John Harkins 2 3 1 + Detail Remark
@ Top Ten Second Life Tutorial Videos Hoyt 2 3 1 + Detail Remark
@ Teach Yourself Programming in Ten Years Rosta 1 1 1 5 Detail Remark
I@ Mashup on digg Rosta 1 1 1 + Detail Remark
@ 100 Funnest Web 2.0 Words to Say (YouTube) Peter 1 5 Delete Ecit + Detail Remark
@ Flock: A Social Web Browser Matthew Wood 1 5 1 + Detail Remark
@ Page Rank Checker Savinell 1 7 | Rate + Detail Remark
M e e e e A D R R A S - = | PR | RO~ Y | I e o REyet B




Example: EDUCO

= Hetscape: EDUCO [

File Edii View Go Communicator Help
i Back Forward Reload Home  Search Frint  Securily 2log
i .§ " Bookmarks A Location: [littp:f/cdufucn cs helsioki £i/educo/denos

Course Sequencing for Static Courses? Applying ITS
Techniques in Large-Scale Web-based Education

Peter Brusilovsky

Carnegre Technelogy Ednoadion and
BT Inseetnte, Carnegee Mellon Unversity

= =)
S virtusl Le=cning
Bnvircnmente

BRB

#6115 Forbes Avenue, Fittsouigh, PA 15213, USA

pb@es omuedi

Abstract. We argue that traditional sequencing technology developed in the fisld of int=lligent tutoring,
systems could find an immediate place m Jarge-scale Web-based education as  core techmelogy for
concept-based course maintenance, This paper describes z concept-based cowrse malntenance system
that we have developed for Camegie Technelogy Educaton, The system can check the consistency and
quelity of a course at any merment of its Life and also assist course develepers in some routine operations,
The core of this system is & refined approach to indexing the course material end @ set of “scapts® for
performing different operations.
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Comionts: 1 Introduction

) Caurse sequencing is one of the oldest technology in the field of intelligent tutoring systems {[T8). The
Tastd atheesta ajankohtomen idea of cowrse sequencing is to generate an individualized course for cach studeat by dynemically
camedhy: _ selecting the most optimal teaching operation [presentztion, example, question, or problem) at any
wrw bidenporta.com moment of educadon, An ITS with course sequencing represents knowledge about the subject as &

nework of concepts where each concept represents & srnall pieces of subject knowledge, The learning
materialis stored in 8 databasc of teaching operations, Each teaching operation is indexed by concepts it
deals with. The driving force behind any sequencing mechanism is o shident model that is a weighed
overlay of the domamn model - for every domain model concept it reflects the current l=vel of student

= nichael xeller (23.1 14:288)

Jog cppuriep elin tekee hyvin, on knowledge zbout it. Using this model and sorme teaching stratesy 2 sequencing engne can decide which
m“‘-"dm'f", P“!”}'l’m'“ one of the many teaching operatons stored in the dzta base is the best for the student given his or her
AL g level of knowiedge and educstionsl goal.

oppikif an cekeminen i

T Verious spproaches to sequencing were explored in numerous 1TS projects. The majority of existmg [TS
’ Add cnmmcn.tl can sequence only one kind of teaching operations. For example, 2 number of sequencing systems

| ncluding the oldest sequencing systerns [2; 14] and some others [8; 12; 15] can only mandpulate the
| | 4% % aP @ 2|
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What LMS Can Do

e For students
— Course information and content delivery
— Assessment and grades

— Communication and collaboration

* For teachers
— Authoring
— Learning control
— Student monitoring

— Communication



What AES Can Do for Students

Presentation

— Adaptive presentation, adaptive navigation support,
adaptive sequencing

Assessment
— Adaptive testing

Communication and collaboration
— Peer help and collaborative group formation
— Collaboration coach

Learning by doing

— Problem solving support



What AES Can Do for Teachers

e Student monitoring

— Identifying students in trouble
e Control

— Sequencing

— Adaptive navigation support
e Authoring

— Concept-based authoring and courseware
engineering



AES vs. LMS

* Adaptive E-Learning systems can provide a
more advanced support for most functions

— Course material presentation - InterBook, AHA

— Assessment with quizzes - SIETTE

— Threaded discussions - collaboration agents

— Student management - intelligent monitoring

* Why LMS are not really adaptive?

— Except simple control and learning design



Challenges

* How to make it working in practice?

— AES systems use advanced techniques - hard to
develop

— AWBES content is based on knowledge - hard to create

— AES require login and user modeling - hard to integrate

e Possible solutions - (watch, PhD students!)
— Component-based architectures for AWBES
— Authoring support
— Open Corpus adaptive systems



Component-based Architectures

Research systems can provide a better support of
almost each function of E-Learning process

Adaptive systems show how to implement nearly
each component adaptively

We need the ability to assemble from components

— Course authors can choose best components and best
content for their needs

— Components providers and content providers have a
chance to compete in developing better products



Current State

Several component-based frameworks
— ADAPT?, ActiveMath, MEDEA,...

Attempts to develop systems with internal
components

Reusable user/student model servers

Some matching work in the standardization
movement



Re-use/Standards Movement

Learning Object Re-use supported by coming
standards 1s another major research direction in E-
Learning

The re-use movement joins many existing streams
of work driven by similar 1deas

— Create content once, use many times
— Content independent from the “host” system

— Content and interfaces with the host system are
based on standards (metadata, CMI, etc)

Let content providers be players in E-Learning
The future 1s components and re-use



What 1s the Future?

e How to use good component/content if you have a
Blackboard, Moodle or other major CMS?

e Is the future model a Blackboard-style giant
system where all components are advanced and
adaptive?

— Wait for the CMS giants to integrate better
tools?

— Create our own adaptive Blackboards”
* Is there any other choice?



ADAPT? Architecture
. Portal

) Activity
Server

‘ Value-added
Service

<> Student Modeling Server
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