INFSCI 2480: Adaptive Information Systems
Adaptive Navigation Support

Peter Brusilovsky
School of Information Sciences
University of Pittsburgh, USA
http://www sis.pitt.edu/~peterb/



A Part of Adaptive Hypermedia

 Hypermedia = Pages + Links

* Adaptive presentation

— content adaptation

» Adaptive navigation support

— link adaptation
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Adaptive navigation support: goals

* Guidance: Where I can go?
— Local guidance (“next best”)
— Global guidance (“ultimate goal ")

* Orientation: Where am 1?
— Local orientation support (local area)
— Global orientation support (whole hyperspace)



Adaptive navigation support

Direct guidance
Restricting access

— Removing, disabling, hiding
Sorting

Annotation

Generation

— Similarity-based, interest-based

Map adaptation techniques



Example: Adaptive annotation

@ =[J Netscape: ACT-R Lesson Units

T~

ACT-R Lesson Units & content [7

Init 0; Interpreting Production Eules — Blassss =

#Section 0.1: Production Rule Forms bt

¥0.1.1 Declarative Units in ACT-R Help 7

$0.1.2 Production Rules in ACT-R ——

T~ #0.1.3 Production Rule Format GERG !
$0.1 4 ACT-R's Condifion Form it Hint 7

¥0.1.5 ACT-R's Action Side
EBackeround:

3
2

Fielal

0.1.1 Declarative Units in ACT-R~

geclaranve

owledge

In ACT-E+, elements of declarative knowledge~ are called
chunks~ or WMEs -~ (for working memory -~ elements).

@

1. Concept role 3. Current section state
2. Current concept state 4. Linked sections state



What can be adapted: links

Contextual links (“real hypertext”)
Local non-contextual links

Index pages

Table of contents

Links on local map

Links on global map



Link types and technologies

Direct Sorting Hiding Annotation Map
guidance adaptation

Contextual links OK (disabling) OK
Non-contextual links OK OK ? OK
Table of contents OK ? OK
Index OK ? OK

Local map OK OK OK OK

Global map OK OK OK OK




Some Popular ANS Mechanisms

Relevance-based navigation support
— Expresses link relevance to user interests

— Mechanism 1s similar to adaptive search, but
interface 1s different

Prerequisite-based navigation support
Progress-based navigation support

A mechanism 1s different from an interface

— Same mechanism, different presentation



Relevance-based navigation
support

Sorting
- HYPERFLEX, 1993

Annotation (1cons)
- Siskill & Webert 1996

Annotation (font)
- ScentTrails 2003
Annotation (1cons) + Sorting
- YourNews, 2007



Evaluation of Relevance-based
AND using sorting

HYPERFLEX: IR System

— adaptation to user search goal
— adaptation to “personal cognitive map”

Number of visited nodes decreased (significant)
Correctness 1increased (not significant)
Goal adaptation 1s more effective

No significant difference for time/topic



Syskill & Webert vs. ScentTrails

S[I=——— SysKill & Webert- Lycos Search

Lycos search: GRANTS CONTROL WUSTL DATA
GENOME CDC INFECTIOUS UNIVERSITY
RESEARCH PHARMACY HEALTH JOURNAL
BIOLOGY MEDICAL

Lycos Nor 15, 1995 catalog, 11646653 wnique URLs

1) ® 008 Research & Data [1.0000, 5 of 14 terms, adj 1.0]

Abstract: Research & Data HHS makes a substantial investment in improving
understanding of health and social services. An ineresasing amount of the information
generated by HHS organizations will be made available on the Internet and through this page.
Program evalvation and policy research * Abstracts of HHS program evalvation studies * The
1994 Green Book: Data and information on selected social welfare programs * Office of the
Assistant Secretary for Planning and Evaluation Biomedical researck * National Institutes of
Health (NIH) * National Library of

g fiwww o5 ddks goviresdota dimi (3%)

2) ) 1.0 Online Journals [0.9902, 6 of 14 terms]

Abstract: American Chemical Society Publications DOE Whitepaper on Bio-Informatics
Emerging Infectiows Diseases (EID) - CDC Ewopean Molecular Biology Hetwork
Hewsletter Human Gemome Newsletter GCG Transeript Jowrmal of Biological Chemistiy
Jowrnal of Clinical IMonitoring Jowrmal of Computer-Aided IMolecular Design Mathematics
and Biology Protein Science Recombinant DNA/Protein Resowce Faeility Mews Report:
HCHGR GESTEC Director’s Meeting on Genome Informatics Informaties Center, Vanderbilt
University Medical Center Last Modified: Wednesday, 04 October 1995
webmasten@wownw. me. vanderbilt edw

Atp:fivemelid wme vanderdilt.edunlvesonrceslinterestsijonrnal dmi (3%)

3) © 996 Selected Internet Resources Starting Points Subject 8pecific

Divar Turs saw N NIEN B AF 14 bavwm s 235 1 M

s M

Departmental and Production Copiers
(60 & up Copies per Minute, Volume above 75,000 Copies per IMonth)

5665 Copier: 60 copiesimin Space efficient design, highlight
color, versatile and feature rich with extensive sorter finishing options.

S06S Copier: . i s .

to 171"222" originals & 11"217" copies, feeder, duplex, other high end
features.

5368 Copier: 62 copies/min. 100 sheet feeder, zoom R/E, up to
171"%22" onginals & 11"x17" copies, duplex, other high end features.

Document Centre 265 Digital Copier: 65 copies/min. Scans
your originals only once, and then prints as many copies as you need.
Duplex, zoom reducefenlarge.

5385 Copier: 20 copiesimin Up to 171"x22" originals & copies,
100 sheet feeder, highlight color, image editing, many features & options.

5680 Copier: 80 copies/min. Space efficient design, 100 sheet feeder,
auto msertion of covers & transparency slipsheets, collating, stapling,

5388 CO pier: 92 pages/min. Updated and

enhanced design of the popular 1090 copier. Wide range of capabilities
and capacities.

5892 Copier: 92 pages/min. Compact size, photo mode, background
suppression, and 100-sheet universal document feeder. Easy-to-use
control panel with message display and color graphics.




Content-Based Link Annotation

1n YourNews

@ YourNews - Mozilla Firefox [S[e)] ]
File Edt View Higtory Bookmarks Tools Help “aicodex ~
@ -0 - @ @ | Mpy/inexp.sis.pitedu/gale/news-study/personalize | » | B | [Gl-] [&) +
User “jabn” WHIWIWMSO‘M! E

YourNews

| All ” Headlines ” National ” World ” Business ” Technology ” Sports " Entertainment “ Health
[v] Show all duplicate articles  » Short term | Long term  » Recent News | Recommended News

Spinach Plants Probed. £. Coll Kilis Boy (10!

' 2 & & 1 1S REYWOIGS W8 1
als Iaunch cnminal prode nto 2 spinach plant dgaho boy
s death blamed on E. coll COL' SP'NACH
o¢.u. %12 hour % - F1 PROBE INFECT DEATH

NATIONWDE STRAN OFFICIAL
CRMNAL FRESH PROMPT BLA
LINK HEALTH LAUNCH DE OL
KLL

CONTAMINAT

Add your custom keywords CC

v ldaho blameo toddler s death on E col (AP)

OLJL1""H"\’I)| ™ -~ t 2006 221228 EL
® Repon Ties Cancers to 1959 Lab MeItOOwn 11!

Repon says nudear reactor meitdown at Cal

® eteast-Feedlng lntelgence Link Probed 111
Wwdy says genetic and emaronmental ors, not breastfeeding, affect chid s inleiigencs

@ StuOy Drug Prevents Postpartum Bleedmg

dy finds drug used 10

ab may have Caused CancCers i sumouncng are

treat uicers Is effective In preventing excessive postpartum bleeding

Done

jahn's Keywords for Health News [Hide]

COLI spiNnAcH IDAHO PLANT BOISE

PROBE INFECT DEATH BACTERIA TODDLER
NATIONWIDE STRAIN OFFICIAL FAILURE OUTBREAK
CRIMINAL FRESH PROMPT BLAME WARNING CONSUMER

LINK HEALTH LAUNCH DIE OLD MONTH THURSDAY
KILL

CONTAMINATION

Add your custom keywords |contamination

LOK ]

@ & Open Notebook @ |




InterBook: Prerequisite-based
navigation in ET

« “Knowledge behind pages”

 Structured electronic textbook
(a tree of “sections’)

* Sections indexed by domain concepts
— Outcome concepts

— Background concepts
* Concepts are externalized as glossary entries

* Shows educational status of concepts and pages



Sections and concepts

Textbook
Chapter 1
=
Chapter 2
= == Section 1.2
Section 1.1

=

Section 1.2.1  Section 1,2,2



Sections and concepts

Domain model Textbook
Concept 4
ConceM Chapter 1
=
Concept n Chapter 2
Concept 2
= e Section 1.2
Section 1.1
Concept m

Concept 3

=

Section 1.2.1  Section 1,2,2



Indexing and navigation

Domain model Textbook
Concept 4
Concept o Chapter 1
O [ =
oncept n Chapter 2
’o
Concept 2
O — = Section 1.2
O

Section 1.1

Concept 3
/ .
Section 1.2.1 Section 1.2.2

Prerequisite and Outcome Links
Book Structure



=] Netscape: InterBook User and Author Manual ETE
Baok |[Forward]| Home Reload | Images | Open Frint Find Stop
InterBook User and Author Manual Conteni
® 3. Dterbooks: terBook-sexved electronic e xthooks
»3.]1 Content structuring Glossary
©3.1.3 The annotated textbook Help
Search
Hint
3.1.3 The annotated textbook §J Background:
To make the textbook+ "more intelligent” and to connect it to the ekt
glossary~, we have to let the system know what about each section» of T
the textbook 1s. It is done by indexing the textbook sections by domain domaty
model« concepts«. For each unit, a list of concepts related with this model
unit 1s provided (we call this list smacirzm ~ of the unit). For each glossary
involved concept, the spectrum of the unit can represent also the role Ll
of the concept in the unit. Currently we support two roles: each r———
concept can be either an vwicosme concept or a Aaafgrvand concept., :
A concept 1g included in the spectrum as an outcome concept~ if some Outoome:
part of this page presents the piece of knowledge designated by the
concept. A concept is included into the spectrum as a prerequisite background
concept if a student has to know this concept to understand the content | concept
of the page. Indexing is a relatively simple but powerful mechanism, :;] outeome
because it provides the system with knowledge about the content of its || concept
pages: the system knows which concepts are presented on each page spectrum
and which concepts have to be learned before starting to learn each i
page. It opens a way for several adaptation techniques.
Continue Teach me
T | | =22 [




Glossary view

Netscape: Glossary and Concepts

2=

=)

twoxmo;

=
KOO =M
NS

XHROEZT O

Glossary: A

@a parameter
@ACT-R

¥action
@ activation

@ ACT-R Environment
@ ACT-R sperling model

| Interface |

|»]

m_ﬁamm\n.mmﬁm-

[«[»

Action

The action is the part of the production which specifies the changes to the goal
and other actions to take should the production fue.

This concept is introduced on these pages:

@].1.2 Production Rules in ACT-R
@ ].6.2. The Action Side of Produictions
¥ Action

Knowledge about this concept is required for:

@ ].1.3 Production Rule Format

@].1.5 ACT-R's Action Side

@ Section 1.6: Writing Productions

@ ].6.3. Tutor Exercises on Writing Productions
@ Section 1.7: Creating a Production System

@ ].7.2. Example Production with Goals
@2.]1.3. The Top Level Rule

1

«|»]

N




Navigation 1n InterBook

* Regular navigation
— Linear (Continue/Back)
— Tree navigation (Ancestors/Brothers)

— Table of contents

* Concept-based navigation
— Glossary (concept -> section)
— Concept bar (section -> concept)

— Hypertext links (section -> concept)



Adaptive navigation support

* Adaptive annotations
— Links to sections
— Links to concepts

— Pages

* Adaptive sorting
— Background help

* Direct guidance (course sequencing)
— Teach Me



User modeling

Overlay student model for domain concepts

Knowledge states for each concept
— unknown (never seen)

— known (visited some page)

— learned (passed a test)

Information for sections
— visited/not visited
— time spent

Information for tests: last answers



Adaptive annotation

* Educational status for concept
unknown
+ known
s+ learned
* Educational status for sections
® not ready to be learned
@ ready to be learned

» suggested



Adaptive annotation in InterBook

=[J Netscape: ACT-R Lesson Units

ACT-R Lesson Units BT et | 7
Init 0; Interpreting Production Eules — Glossar =
#Section 0.1: Production Rule Forms St
V0.1.1 Declarative Units in ACT-R Help 7
3 ¥0.1.2 Production Rules in ACT-R = b -
$0.1.3 Production Rule Format i s -
¥0.1 4 ACT-R's Condition Form i Hint 7

0.1 .5 ACT-R's Action Side &

i—:’.’. EBackeround:

0.1.1 Declarative Units in ACT-R~

In ACT-E declarative knowledge- are called
®/ chunks~ or WMEs - (for working memory -~ elements).

1. State of concepts (unknown, known, ..., learned)

O
JE— MALl-T V

YR SR S
geclaraive

owledge

2. State of current section (ready, not ready, nothing new)

3. States of sections behind the links (as above + visited)




Backward learning: “help” and “teach this”

Netscape: ACT-R Lesson Units

[ Ty

ACT-R Lesson Units
M Unit 2: Enowledge Representation in ACT-R
o Section 2.2: Designing Chunk Types Glossary
®2.2.1 Goals as Sewrces of Chunk Types Help
©2.2.2. Paper Exercises on Chunk Types
® 2 2.3 Answer 1o Chank Type Exercise Search

Interface

Content

 Cititees
CM we
goal
[0 === Netscape:Help on "22.1 Goals as Sources of ChunkTypes' = E1 & sttial $0al
These pages could help you understanding = e following addition fact i54 siot
'2.2.1 Goals as Sources of Chunk Types'" slot
@114 ACT-R's Condition Form Outoomme:
@Goal
@1.5.2. Creating Declarative Chunks chunk
@ISA vhich was perhaps solved by a repeated Freation
@ 1.1.1 Declarative Units in ACT-R s a set of arguments (ARG1 and ARG2 Désﬁ%kjng y
@ Section 1.7: Creating a Produiction System Types
®].6.1. Condition Form 12 of objects from the environment. 20l
@ Chunk type Ea line of symbols into a left and 1ight churk
@Slot |||t and 1ight hand side would be the result.
@ Defining Chunk Types [«]][be
@7 3] The Initialize-Additinon Production b
o 7




ELM-ART: Lisp ITS on WWW

* Model: adaptive electronic textbook
— hierarchical textbook
— tests
— examples
— problems
— programming laboratory

* Navigation Support
— Uses both progress-based and prerequisite-
based navigation support



ELM-ART: Navigation

O Netscape: ELM-ART: Lisp-Course B
i =) d B S ) S (N BN P4
e TUTOR HELF MODEL BACK NEIT PREFS 'EIINTEN SEARCH EVAL ERERCISE
@ LISP Course = .
@ Lesson 1 = =
@ Datatypes N G2
2 Atoms (exercises solved) ... C_—_—_—__—1 H
2 S-Atom (exercises solved) .. C__—_—___1
= Numbers (with exercises) ..l
# Lists {exercises solved) .. C___——__ R
2 Mested Lists {exercises solved) .. C_—_——_1
@ Empty_ List, NIL, and T {with exercises) ... I P Co
® F&S‘e‘:‘léﬁ Dels Types ... =
: .
All tasks in the last exercises were solved correctly. =
However, you should work at some more tasks.
Exercises .
ERERCISE
4|1l
|s the character string a snriliar?
store
~0,de+d .
g;eos HELF
Is the character string a mwmiear?
1 .
8;{]?)8 HELF
v
/o) | Working at this page is not yet recommended. | A Z




=M Netscape: UIser Model =cFF—F———————————H 8
o ' ! I ) =
Iﬂ] TUTOR A P.R?F; SEARCH
Learner Model:
Page Link-Status % learned User Modification
[ already known
The system suggests to work at this (Modification will be
@ Dotatypes section. inherited to all
subordinated pages)
2 itoms (exercises solved) *;g;uesuccessfullu worked at this %I:_I 100 [ already known
N ; : The system assumes the content of  [CEEIETTIIEN 10 [ already known
@ S-atom (with exercises) this page is known to you already. %
@ Numbers (with exercises) Z:gesustem suggests to work at this P 17 [ already known
2 Lists (exercises solved) ‘;g;esuccessfullu worked at this %I_"‘__':l 100 [ already known
@ Nested Lists (exercises solved) *;g;uesuccessfullu worked at this % 100 [ already known
@ Empty List, NIL, and T {with The system suggests to work at this smm— [ already known
exercises) page. :
‘Working at this page is not yet — [ already known
@ Tastoon fots Types recommended. ’ 0%
| Change Model I
Back to current page (Datatypes)
ELM-ART-3.4.3 is a project of the ELM Research Group using ££-477F° 2 |
In case of problems send Email to &4 s ——— Gedober 13, 1997 (11 .:02.:58) bud

0|

(

-
Y




Effects of Prerequisite ANS

Red
Red

uces navigation efforts

uces repetitive visits to presentation and

pro

blem pages

Educational goal achieved faster

Increases learning outcome

Adaptive annotation encourage non-
sequential navigation

Make system more attractive for students



Where 1s the Magic?

No magic: Knowledge behind material
Knowledge about domain (subject)
Knowledge about documents

— Simple concept indexing
Knowledge about students

— Learning goal model
— Overlay student model

Straightforward techniques of user modeling and
adaptation



Adaptive Hypertext: The Secret

Domain Model Pool of Learning Items

 Adaptive hypertext has knowledge “behind” the
pages

* A network of pages like a regular hypertext plus a
network of concepts connected to pages



Hyperspace structuring

Concept-based hyperspace
No imposed structure
Hierarchy

ASK approach - conversational
relationships



Progress-Based Mechanism

* The 1dea of the mechanism to express the
progress of user knowledge/experience

— With domain concepts

— With content pages

* Possible interfaces
— Removing links to well-known concepts (AHA)

— Annotating links to concepts and pages
(InterBook, Inspire, QuizGuide, NavEXx)



Progress-Based Hiding

Adaptive course on Hypertext (De Bra)
Hiding “not ready” links

Hiding obsolete links to support content
Small-scale evaluation

No significant differences

Students are not comfortable with
disappearing links



Progress-Based Annotation

ZR INSFIRE - Baowkéc Aeitoupyies - Microsoft Inteinet Explorer

] Fle Edit View Favontes  Tocz  Help

nsioe % St 8 20 LB

TFlwssdm Inps1OcELg AvannpEvo E-m=il Boflsrx Howr£do H&Bnpo
@, Kpvon Muriun

H Oppivcn Kpvons Momns = Layer 1 ay
H Teprcts dvasotnme o ﬁBfmmtg Agrrovpyice Kpovoing Myiung
E Baosxic Asizovpyiss Layer 2
Ty Evooyuyh
P dowhocve ATvoddvaome Exox;
i NeTapopic S=dops vy
’?f- Aoxfnosrc Abrodoynonc
(. ¥t¢veBoc pndck
. Avoxepodoiwoy
ol TomsGémon
u Eviomoude W
D Ay ; L W o mpoctopliets to pédio me vpuptic AU o= Sve umoRoyponyd alorma
D & o Koot Mvign '.. P voopilets ™) kT poviSo TpacTEAean g STV KDUGT T

P o mepuypdpeTe T GECY) Tow EYELT ASTOUPYIL TG KEUGT § PWAMLTG KE T ASToupile e
ST T TG SFYpRpts ToU SmefepynoT

P o opidets Tig Sevorss STITUNLE, RTOTUYIE KoL TOWT| eToriying oTNY Kpupr Lufum
P Sunpivete tig Proucts ACLTOVPAES TG KPLOT S KYHILNG

Emépewm [

W ovegepBolie ote pdie TG KPVPTC WLTG Kot B 0piTomLe TH ULKpSTERTY) Lovido Thnpopopiog
e B cvopepBotis o0 Sevotss T smruyine, G eroTopng v ™G ot emotoyiog G
Sueplvons Tug téoospis Paoikés Asutovpyiss ™o kovgn e waium e kon e mepuypdiyou s T oraon o
SYoUV [LE TN ARITOUp iR evdpea o g 1 syypents Tovu emelepynom.

Otew Ho eyete peheTon Ly Poctds, MAToUpyies ™G Kpupre WU, Be pnepeize va:

IMpoorcrovpevee Evvoeg
Opryavmoan KOpLRG T ILnS

Eyemukéc Evvmneg
Eneeprvoctic, Actn, Ebyie, Brte, AbvipBuoc, MevBuvorsdommuém Myiun, Eopue Mwun

Emorp o’ ooy Aprr Enduam >

=




What Size of “concept’ ?

How much domain knowledge should a
concept cover?

Two practical approaches
Topic-based student modeling

— Large topics, one per ULM/page
Concept-based student modeling

— Small concepts, many per ULM/page



Topic-based Student Modeling

* Benefits
— Easier for students and teachers to grasp
— Easier for teachers to index content

— Clear interface for presentation of progress

* Shortcomings
— The user model is too coarse-grained
— Precision of user modeling 1s low



TOplC Based ANS: QulzGulde

"'& N QuizGuide. Adaptlve quiz recommender.

ESE Amazon Cyberspace Atlas citeseer NRHMO04 eBay Yahoo! Newsv 0012-42 Blackboard KT ELENA

Qumz Gumde

4
@Gy . . . - .
=/ arithmetic expressions ~ Question 1
G
I')Y variables M
4G main()
("95 constants (define) {
\{ int i = 0;
1) loops (while) .
if (7 % 2)
(G i+=2;
’jf increment decrement else
4(7)({ i++;

compound assignments }

logical expressions
loops (do while) -
conditionals (if else) i

Quiz1
Quiz2

What is the final value of i

» ( Submit )
conditional operator

character processing

<l

@ logical operators




QuizGuide: Topic-level Adaptive
Annotations

e Target-arrow abstraction:

,
'I

— Number of arrows — level of loops (while)
knowledge for the specific Quiz1
topic (from O to 3). Individual, Quiz2
event-based adaptation. O
2 increment decrement
A f)or

2 compound assignments

@(5 A@(j Quiz1

— Color Intensity — learning goal

® . .
(current, prerequisite for d logical expressions

current, not-relevant, not- Quiz1

ready). Group, time-based '

adaptation. loops (do while)
Quiz1
Quiz2

0% & conditionals (if else)



Influence on Motivation

Adaptive navigation support increased student's activity and

QuizGuide:

persistence of using the system

300
250
200
150
100

50

Average activity

2002 2003 2004

100%
80%
60%
40%
20%

0%

Active students

2002 2003 2004

60%
50%
40%
30%
20%
10%

0%

Average course
coverage

2002 2003 2004

20
15
10

Average num. of
sessions

2002 2003 2004

Within the same class QuizGuide session were much longer than QuizPACK
sessions: 24 vs. 14 question attempts at average.

Average Knowledge Gain for the class rose from 5.1 to 6.5




QuizGuide: Success Rate Increase

One-way ANOVA
shows that mean
success value for
QuizGuide with
ANS 1s significantly
larger then:

F(1, 43)=15.07
(p-value = 0.03).

S 0.30
(7))

0.70—

0.60—

0.50—
0
 0.40—
O

0.20—

0.10—

0.00

QuizPACK QuizGuide
Application




Goal

A Deeper Look
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Concept-based Student Modeling

 Benefits

— The user model 1s fine-grained
— Precision of user modeling is good

* Shortcomings
— Harder for students and teachers to grasp
— Harder for teachers to index content

— Presentation of progress 1s harder to integrate
into the system interface



Concept-Based ANS: NavEx

< L10: capital.c - Microsoft Internet Explorer =10l x|
J File Edit View Favorites Tools Help ,,".
J Address @ http: //kt2.exp.sis.pitt.edu:8080/Y 2/kt/TShow?kt_user=sergey&kt_sid=111&gid=-1&intf=P&cid=18id=481&svc= j
(> L08: printing2.c Al L10: capital.c
(@ L09: exchange_kiosk.c @) @

@ L09: variables.c

) Code Dissection
@ L10: better_kiosk.c

O L10: capital.c Example 3.3 Al
OL10: fahr_input.c
(OL11: capitalyears.c Click on a green bullet to see the annotation.

O L11: countdownl.c

OLH: countdown2.c F #include <stdio.h> phis is a

(O L11: factorial.c J main() { preprocessor
& L12: accumulator.c - float , command. System

. interest rate; /* i
."“2: apples_lids.c interest rate in Z:Zgirhfﬁil be
R L12: capitaltable.c percents */ inserted there
lXLl2:f2<: table.c l _I;I I. int capital; /* during ' _lj
< [« >

€l | [T [ @ ntemet /




Indexing Examples in NavEx

* Concepts derived from language constructs
— C-code parser (based on UNIX lex & yacc)
— 51 concepts totally (include, void, main func,
decl var, etc)
» Ask teacher to assign examples to lectures

— Use a subsetting approach to divide extracted
concepts into prerequisite and outcome
concepts



Increased Motivation

e The increase of the amount of work for the
course

300 -

250
200
150
100

50

Clicks - Overall
2 10
8
o -~ °
4
—l— Examples

. — 2

m —@— Quizzes
‘ 0

Non-adaptive Adaptive

12

Lectures - Overall

o/ -
¢
—l— Examples
—O— Quizzes
Non-adaptive Adaptive

30

25

20

15

10

Learning Objects - Overall

/.
/I

o«
-

—l— Examples
—@— Quizzes

Non-adaptive

Adaptive




Next Step? Social Progress-base
ANS 1n Progressor

& Progressor

File Edit View History Bookmarks ‘Window Help

<[] (z]@]

(4 ] | Q~ Google

rSort by
O overall progress
o
® access to my data
® name

Top Progress (3)

Inheritance
Twio-dimensional Interfaces Objects

Arrays

ArrayList

Variables |
Wrapper‘
Classes

|

Primitive
Data Constants
Decisions Types
Statememtrithmetic
Operations

y For-Loop

' N Boolean \-—
. Expressions
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ANS vs Recommendations

* Relevance-based ANS vs. recommendations
— Same engine, different interface
— In-context guidance vs. ranked list

* More sophisticated ANS vs.
recommendations

— ANS can display simultaneously several
aspects of importance/interest/relevance

— Ranking used in recommendation approaches
can only display only one dimension



