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A Personalntroduction
JohanBollen

1. Principia Cybernetica Project, U.
Brussels(1994-1999)

(a) Websiteon philosoply of
cybernetics

(b) Designedo represent
“knowledge” network, systems
scienceeng/clopedia

(c) Collective effort of 4 editors
(d) Adaptive Hypertext andmodelsof
navigation

2. Active RecommendationProject,
Los Alamos National Laboratory
(1999-2002)

(a) Focuson DistributedInformation

Systems

(b) Generatiorof document
proximitiesfor DL
recommendatiosystems

(c) Applicationof spreading
actvationsystems

. Old Dominion University, Computer

ScienceDepartment
(a) Systemdor scientometri@nalysis

(b) Largescaleapplicationof
spreadingactivationfor
Cross-resourceecommendation

(c) Temporalanalysisof changesn
usercommunitypreferences
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ProblemStatement

iii. IR methods: Dependancen

1. Initially: Hypertet text, andexplicit queries
(a) Designand use Collectionof (c) Use:
documentsieedto be i. Lostin Hyperspace
meaningfullylinkedanduser ii. UserspreferBooleansearching
retrieval need4o be mademore . _ _
. 2. More generally:Digital Libraries
ef cient
(b) Design: (a) Desireto link collectionsand

provide retrieval facilitiesbeyond

.. ID H : .
I. Manual Design keytermmatching

Uneconomicalanduser _
(b) Heterogeneousollections

preferences?
ii. Taxonomies:Correspondance (format,languagegtc)
to userpreferences? (c) Scalabilityissues
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BasicApproach

1. Hypertet linking:

(a) Shiftfrom focusondesignto
usage

(b) Patternsof retrieval determine
generatiorof hyperlinks

(c) Relationsto MachineLearning:
auto-associatorsndHebbian
learning

2. Hypertet retrieval:

(a) Focusonuseof network structure
ratherthandocumentontent

(b) Recurrenspreadingactivation
(c) Relationso CLEVER and
PAGERANKER
3. Digital Libraries

(a) Reconstructiomf retrieval
patterndrom senerlogs

(b) Generatiorof largescale
documentandjournalnetworks

(c) Network analysisfor document
andjournalimpactranking
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Presentatioistructure
2. Digital Libraries
1. BackgroundHypertext linking (a) Systemfor documentinking from
(a) Theearlyexperiments senerlogs
(b) Resultsandapplications (b) Journalanddocumenimpact
(c) Relesang to generaWWW ranking(asopposedo ISI IF)
interfaces (c) SpreadindActivationretrieval
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AutomatedHypertext Linking: rst experiments

z
Designer O

@)
d3SN
AN
@)
d3asn
NN

L) L%y
Hypertext g@ Adaptive @
Hypertext 0
‘&;‘?’O >

relation
1. Replace=xplicit designor text _ o _
generatedinks by userretrieval 3. Shift from explicit authoror designer
_ preferencegpo implicit user
2. Frequeng of retrieval sequence preferences

indicatesstrengthof associatie
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ExperimentSetup

Hyperlink Traversals

1. Representation (b) LearningRulesOperateon

Hyperlink Weights

I. Smalladditionsto link weights
for eachtraversal

ii. Aaimedatgradualadaptation

(a) WeightedHyperlinks:weights
indicatedegreeof association

(b) DirectedWeightedGraph
Representationf Network

Structure of structure

I. Assumptionis asymetric
associations 3. Interface

ii. Correspond$o word (a) WeightedOrderedRankingof
associatiomesearcland Hyperlinks

WWW hyperlinks (b) DynamicRe-Ordering

2. Adaptation (c) Display“slices” of 10 hyperlinks
(a) Reinforcementbasedn
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GraphRepresentation
Hypertext GraphRepresentatio(Furnerl996),(Kleinbeig, 1999)

G VL

V. vowv Vh 1
L V V

Vi vj  Lrepresentsiyperlinkvi V. v; V
n nmatrix,H, binaryvalueshjj 01
hyperlink: vi vj L:hj 1
absencéyperlink: vi vi L:hj O
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GraphRepresentatioAssumptions

(c) DirectedConnections

1. H hN ? : : .
ypertext Pages GraphNodes Simpli cation

(a) Homogeneousontent

(b) SingularConcept 1. Featureatherthanbug

2. Goalis notto construct’best”
_ hypertext representatiobut study
(@) Singularanchorandtarget largerclassof linkedinformation

(b) Hyperlink Semantics systems

2. Hyperlinks GraphEdges
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LearningRules

G VL
addweightfunctionW,
G VLW
W V2 W Vi

UserRequesBequencéRS):p  vp v1 Vh 1 N
RSSub-pathlriplet: ps Vi vj w 1 ]k

i i 1k i 2i n 2
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LearningRules

Frequency(F) or F ps W :

Wvivie Wy I

=

Wvj vt WV w1 Iy
Symmetry (S),or S ps W :

Wvivie WVjVvitr Is

Wvevit Ww Vvt 1 Is
Transitivity (T),or T ps W

WV ikt WV Wt

[EEN
—
—
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User path

Frequency

Learningrules

1. Frequency

(a) Operate®nlink traversal
frequengy

(b) Reinforceexisting connections

(c) HebbianLearning

2. Transitivity:

User path

User path
——[]

+
User path

Transitivity “ B
/ Symmetry

Frequency
+

Transitivity

(a) Operate®ntransitve co-retrievals

(b) Bridgesplausibleconnections

3. Symmetry:

(a) Reinforceconnectiorsymmetric
to thosetraversed

(b) Reinforceplausibleconnections

July 5, 2002

Pagel2



Bl 4 OLD DOMINION UNIVERSITY ibollen@cs.odu.edu

freq. + freq. + freq. ¢

house == table =P stoQ| =P pbar
Y | . A~
symm. symm. symm.

Exam P le trans. trans.
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0.6
——- table

0.3 g rfamil

Example,cont.
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Act

Please choose from the following list the word most related to "act" (cf i Please choose from the following list the word most related to "action” (cf. intre)

education

-
-
L]
-
.
.
L]
L]
-
L]

More words. . * More words. .

If you are tired, click here to et the experiment. I you are tired, click here to exit the experiment.

Interface
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weight rank hyperlink
0.215 1 period GROUP 1,
0.126 2 moment
0.109 3 history
0.084 4 year Hyperlin
0.075 5 change Selection
0.074 6 day
0.038 7 section
0.028 8 age
0.026 9 situation " "
0.019 10 thought Morelitems
0.019 11 man GROUP 2
0.016 12 end
0.013 13 experience
0.013 14 week :
0012 15 blood =
0.012 16 development
0.012 17 action
0.008 18 century
0.008 19 evening "More Items"
0.007 20 light
0.007 21 mind GROUP 3,
0.007 22 morning
0.007 23 theory
0.006 24 part Hyperlin
0.006 25 movement Selection!
0.006 26 life
0.004 27 course
0.004 28 attention
0.001 29 service " .
0.001 30 nature More Items'
0.001 31 sort
0.001 32 society G%
0.001 33 music
0.001 34 government
0.001 35 way

Link Ranki :

Displaying links
1. Displayshawsgroupsof 10 links
2. Rankordered:rst slicedisplays10

strongestinks

3. Usercanshift from onegroupto the
other
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Adaptve Hypertext SystemConstruction

Interface

learning
rules

RepresentatBn

Adaptation
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Experiments

Strat@ies

1. OpenParticipation _ _
_ _ _ 3. Speci ¢ Choiceof NodelLabels
(a) No Registrationof Subjects

(b) No DataGatherecbn (a) Englishnouns

CharacteristicsMotivesof (b) 150mostirequent
Subjects 4. Two Experiments
2. Instructionsto BrowseExperimental (a) Frequeng Transitvity (r 1,
Hypertext System rr 05)
(a) Associatve Browsing: Position (b) Frequeng Transitiity +
basedHyperlink Selection Symmetry(rs 0 3)

(b) Requeshotto Apply High-level
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Nodes

act actionageamountareaart attentionauthority bed blood boardbody book boy building car
casecenturychangechurchcity committeecommonwealttcompaly conferencecontrol council
countrycoursecourtday deathdevelopmenidoordoubteducatioreffectendeveningevidenceex-
ampleexperiencdacefactfamily father eld gure Im food form friend girl governmentgroup
handheadhealthhearthistoryhousdadeaindustryin uence interesgob kind knowledgelaborland
languagdaw level life light line love man market mattermeetingmethodmind momentmoney
morning mothermaovementmusic namenatureneednight numberof ce orderpaperpart party
peaceoeriodpersomplacepointpolicy positionpower problemquestiorratereasorresearchesult
road room schoolsectionsenseserviceside situationsociety sort stagestatestory systemtable
tax theorything thoughttime town tradetraining type usevalueview voice waterway weekwife
womanword work world year
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Results

(a) Sensity2 0121

(b) Weightvalues:x 307,max=80

(c) Clusteredstructure

1. Participation
(a) 6000requests

(b) 600participants experiment (d) Wide rangeof generated

2. ResultingNetworks: connections
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Tablel: Sampleof matrixrepresentingnal structureof adaptve hypertext
network trainedin experimentl

Network Matrix

number label 1 2 3 4 5 6 7 8 9 10
(1) act O 86 0 O O O O 05 0 05
(2) action 0 O 0O O O O O o5 o0 0
(3) age 0 O O O O o0 o0 o 0O 05
(4) amount | O O O O 25 O O 0 05
(5) area 0 0 O 0 O O O 0 0
(6) art 0 O O O O o0 o o 0O 05
(7) attenton| 05 0 O O O O O 05 O 0
(8) authority | 0.5 05 0 O O O O 0 0
(9) bed O 0 O o0 O 0 0
(10) blood O 0 O O O o5 o0 0
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Centrality

Un-normalizedCentralitynodei:

o N . on ..
aj oWij aj oWii

Ci > (1)
10 mostcentralnodes:
label centrality
knowledge 416.75
experience 324.75
development 261
mind 218.25
education 210.25
method 204.5
thought 191.25
system 181
body 178.25
person 168
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ClusterAnalysis

Cluster Documents

Time Age, time, century day, evening,moment,period,week,year

Space Place area,point, stage

Movement Action, changemaovementroad,car

Control Authority, control,power, in uence

Cognition Knowledge, fact, idea, thought, interest,book, course,development,

doubt, education,example, experience Janguage mind, name,word,
problem,questionyeasonresearchresult,school,side,situation story,
theory training,use,voice

Intimacy Love, family, house peacefather friend, girl, hand,body, face,head,
gure, heart,church kind, mother woman,music,bed,wife

Vitality Boy, man,wife, health

Society Society state town, commonwealth

Of ce Building, of ce, work, room
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Hyperlink Development

CONTROL
Rank

1 Country Authority Authority Authority Power

2 Thing Society Rate Pover Authority
3 Government Rate Society Effect Effect

4 Policy Theory Theory Knowledge In uence
5 Film Problem Problem Government Government
6 Heart Job Government Society Law

7 Group Service Job Money Knowledge
8 Room Money Money Father Society

9 Paper Knowledge Effect Law Order
10 Order Day Service Rate Money

Requests: 0 600 1200 2400 4800
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Conclusion

re ects level of abstraction

1. Link generatiorn (c) Differentfrom word association

(a) Spontaneouproliferationof NOIMS
hyperlinks
(b) Fastdevelopmentof stable 3. Note:
collectionof links (a) Link generationndependentrom

(c) Rankingre ects associatie text or format

validity (b) No requiremenfor explicit user

2. Network structure; preferencestatements

(c) Distribution of link weight: few
retrievalsrequired

(a) Clusteringof relateditems
(b) In- andout-degreeof ndoes
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Digital Library Applications

systems
1. Article andJournalLinking (b) Registrationof UserRequests:
(a) Citationor IR based senerlogs
(b) Static (c) Reconstructiomf UserPaths

(c) Non-speci c(UserCommunity) 3. LargeNumberof Articles andJournals

2. Applicationof Adaptive HT: Off-line (a) Heterogeneous’/alidity Atomic
DL Setting Conceptepresentation?
(a) Nointerventionin actuallibrary (b) Scalability?
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Methodology

(b) JournalRelationssubsum@rticle
1. Reconstructiomf co-retrieval events Relations

from DL Senerlogs

: 3. UseNetwork
(a) UseSequencef Retrieval

Requests$o Derive Article and (a) Generatelocumentinks without
JournalAssociations resortingto text-contentbasedR
(b) Integrateacces$atternsfor Large (b) Map Preferencesf LANL User
Rangeof Applications,Users etc. Community
2. Generateédssociatve Network of (c) RecommendationSystemghat
Journals Operateon Network Structure

(a) EveryArticle appearsn ajournal

July’5, 2002 Page28
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TestApplication

search,andmetadataetrieval
1. LosAlamosNationalLaboratory

Researchibrary: 2. Availability of senerlogsfrom 1998

to present
(a) Downloadrates:10,000/mo.

(a) Largedigital library with focuson
managemernf own material

(b) Usercommunity:focuson (b) Senerlogsused:2001
physicsandnuclearscience (c) Log le used:5 months40,847

(c) SciSearcldatabase+20,000,000 requests1829journalsand
articles 20,720articles

(d) Downloadable PDFformatafter

July’5, 2002 Page29
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?_Search - SciSearch® at LANL -

-

|| File Edit View Favorites Tools Help

. .0 D 4 Q@ @M D B

Back Forwa Stop Refresh  Home Search Favarites History Mail

Address l-ﬂ hitp: ifscisearch2 lanl. gawlanksciguery. html

Interface &

HMEW Tr}r -
2 Los Alamos Research Library
s::::,fat;‘; Home Gen Search | Cited Search Alerts
Search - SciSearch® at LANL
T IAumDr E” iand 'I
? [Tite/AbsvactKey 7 | fand 2]
T ISDurce E”
Options:
Daies me;l'IBQEi;IE;lPresentj Furmat:lAH '|
Language: IA” 'I Daocument Tvpe: IA” __—"_l
Resulis per Display [50 ] Sori Resulis By [Relevancy rank 2]
@ mamat zone

Exmo :ﬁ#iﬂi
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Eile Edit ‘jew Fgvorites Jools Help g

J

Stop  Refresh  Home

9 4| 8 @ I B I W 9

Search  Favorites  History (LET] Print

N BesMmE [ T

o e DEE G A

| Bookmarks| Thumbnails “ticles

»

Interface =

1.

e e T RO ey

T

Implicit learning: news
from the front

Axel Cleeremans, Arnaud Desirebecgz and Maud Bover

Cam we lesrn without swareness? While the current consensus is most likely to be 'no’.
there is, howeves, considerable cagoing debate about the role that consciousness plays
in cognition snd shout the nature of consciousness itself. In this srticle, we review

recent advances in the Feld of imoluit learning, based on three perspectives: empirical

— = i i o
th i i vy co-mp The overall pictire that
s arvd & field that is very much in flus: while it seems

that cogn some form of unconscious processing, it is as yet
wnclear haw 10 best separate conscions and unconscious influences on learning, and
vow to best think sbout the status of the cognitive unconscicus | We suggest that
is best a3 & comples form of taking place in

and that the distributions| knowledge 5o

shy be sl
¥

guired can be iy e i e of that this kmow bedgs
weass acquired or that it is that is. in the shaence of
‘metaknowbedge.

S e 8 ) i B | NI

4 Interret zone
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Network Generation

Setof co-retrival events:E e & ex
Co-retrizval eventei: & Vi vj t V; V;
wheret v; v; representimein secondelapsedetrieval requests
for document; andy;
& ViVjtVvy r,r f g reinforcementvaluesothat:

mj r
ijmj O
for (i=1;i n+1;i++)
6 Vi Vi TV V) I myj f g

July 5, 2002
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Retrieva

Server
Log

Events

i

Document Network

U100S1 U10:S1 U102S1
Ew2) E3) E,5) Ee) Ee4
+ T + T + T
W12 W23 Wa,s Ws,6 W2,4 We,1
Userioo Session1 Userio1 Session1 Useri02 Session1 | Userio2 Session2

US: User Session
D: Document Retrieval
E: Co- retrieval Event

July 5, 2002
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SciSearcliRetrieval Log

useriD data/time DocumentD Service
100  24/Aug/2001:17:12:52 02721716;14;4;6%9dacfrtip SciSerer
100  24/Aug/2001:17:14:41 01689274,;25;4;499rtuauma  SciSener
100 24/Aug/2001:17:15:43 00978493;19;2;2Bapiaaaortars SciSenrer
101 18/Jun/2001:12:084 00207225;38;3;34.6tfrim SciSenrer
101 18/Jun/2001:12:040 02780062;19;3;2L aotdfmfct  SciSener
101 18/Jun/2001:13:130 08956111,25;2;13 asgt3tr SciSenrer

Table2: An exampleof thetransformedscienceSenerlog usedto recon-
structjournalanddocumento-retriezal events.
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Table3: Co-retriaval eventsderived from setof userretrieval requestsn

table?2.

SciSearcliRetrieval Log Analysis

100

(0272-17160168-9274) (0168-92740097-8493)

101

(0020-72250278-0062) (0278-00620895-6111)
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Analysisapplication
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GeneratedNetwork

Journal 01 02 03 04 05 06 07 08 09 10
ADV COLLOID INTERFAC 01 0 0 0 0 0 0 0 0 0 0
ADVAN MATH 02 0 0 15 0 0 0 0 1.5
ANALYT CHIM 03 0 0.3 0 6.9 0 0 0 1 0 1.2
ANALYT BIOC 04 0 0 19.6 0 0 0.6 0 1 0 2.1
ANIMAL BEHAVIOUR 05 0 0 0 0 0 0 0] 0 0
ANN PHYS-NEWYORK 06 0 0 0 3 0 0 0 0.6 0 0
APPLIED ACOUSTICS 07 0 0 0 0 0 0 0 0 0 0
APPLPHYSLETT 08 0 0 0.3 0.3 0 2.5 0 0 0 0
ARCH RATION MECH AN 09 0 0.3 0 0 0 0 0 0 0 0
ARCH BIOCHEM BIOPHYS 10 0 0 55 10.5 0 0 0 0] 0
ARTIF INTELL 11 0 0 0 0 0 1.5 0 0 0 0
ASTRONOM J 12 0 0 0 0 0 0 0 0 0 0
PUBL ASTRON SOCJPN 13 0 0 0 0 0 0 0 0 0 0
ASTRON ASTROPHYS 14 0 0 0 0 0 0 0] 0 0
ASTROPHYSICALJOURNMNAL 15 0 0 0 0 0 0 0 0 0 0
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GeneratedNetwork

2. meanlink weight=1.196,standard
1. density0.176% deviation=0.821for all mjj : mj; O
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Network AnalysisandComparisorto Impact
Factor

Structural Features frqueng (ratio of citationsover

1. Highestlink weights publicationsfor last2 years)

(b) JournalConsultatiorFrequeny:

2. Graph-theoreticatetwork .- o N
Fvi aj mj ajim

characteristiceomparedo Impact
Factor (c) ImpactFactorDiscrepang Ratio:
(| JCF |

IF |

(a) ImpactFactor:basedn citation
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Table4: Five pairsof journalsfor which highestco-retrieval frequencies
have beenfound.

HighestLink Weights

Frequeng Startnode EndNode
22.0 PHYSICAC PHYSICAB
18.0 PHYSICAB PHYSICAC
14.0 NUCL INSTRUM METH A IEEET NUCL SCI
12.0 PHYSICAB JMAGN MAGN MATER
11.0 JMAGN MAGN MATER PHYSICAB

July 5, 2002
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JCFvs. 2000IF

Frequeng IF JournalTitle
176.00 0.893 PHYSICAB
134.00 0.964 | NUCL INSTRUM METH A
132.00 1.576 APPL CATAL A-GEN
112.00 0.897 | MAT SCIENGA-STRUCT
107.00 0.845 JALLOY COMPD
106.00 1.060 IEEET NUCL SCI
104.00 1.933 CATAL TODAY
96.00 3.030 JCATAL
93.00 2.198 SURFSCI
92.00 1.241 JNUCL MATER

Table5: List of 10 mostfrequentjournalsin LANL RL ScienceSener

network and2000ImpactFactors.
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ScatterplotICFvs. ISI IF (2000)

r=0.13(p 005)

35 T T T T T T T T
JCFvs. IF  +

+
30 - —
25 —

+
+

20 F —

§ +

I +

i
15 -+ -

+
+ + -
+
+ + +
| | |
120 140 160 180
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Table6: List of 10 journalsfor which highestratio of JCFandISI IF has

ImpactFactorDiscrepang Ratio

I JCF IF JournalTitle
232.80423| 44.00 | 0.189 | ASTROPHYSSRACE SCI
199.00497| 40.00 | 0.201 NUCL ENGDES
197.08847| 176.00 | 0.893 PHYSICAB
189.87341| 45.00 | 0.237 | JMATERPROCESSTECH
189.80170| 67.00 | 0.353 ADV SRACERES
172.04301| 32.00 | 0.186 ACTA ASTRONAUT
153.68852| 75.00 | 0.488 | JRADIOANAL NUCL CH
143.93939| 38.00 | 0.264 PROG NUCL ENERG
139.00415| 134.00 | 0.964 | NUCL INSTRUM METH A
128.67647| 35.00 | 0.272 | MATH COMPUT SIMULAT

beenfound.
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SpreadingActivation

cepts.
1. Model Facil-

itated, Au-
tomatic Re-
trieval from
human mem-

3. Concept Acti-
vation spreads
through net-
work,  mod-

ory. ulated | by
connection
2. Assumes As- :
weights.

sociatve Net-
work of Con-
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SpreadindActivationfor InformationRetrieval

2. Problems
1. Promises (a) Establishmenof Document
(a) Text andLanguagdndependent Networks

(b) Cue-basedetrieval or retrieval by (b) Questionsegardingef ciency

example (Salton,1988)
(c) Useof Network structure:

incompletestructurecanstill lead
to completeretrieval

(c) Main Applicationin Concept
Networks,QueryExpansion
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SpreadindActivationon JournalTitles

I. Third-partyservicefor LANL

1. Features DL
(a) Transformatiorof initial keyterm ii.http://wwwcs.odu.edu/"jbollen
queryto network initial activation (b) PackedQuery
values

(c) Link to LANL RL journalpages

I. Whereavailable

“Query by example” i. Addedlink to LinkSeeler
(c) Networkinterface(Serviet), service
marked-upoutput

(b) RecommendatioRe nementby

3. Prototype:
2. Implementation http://biosis.lanl.ge:8077/jserv-
(a) JavaServlet bin/SpreadAciSciSloop
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Implementation
Servlet
Client Modules Data
Query
Parameters ‘
Refinement
Query
Client ‘
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Query
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Results

July 5, 2002 Page49



jbollen@cs.odu.edu

QueryExpansion

July 5, 2002 Page50



jbollen@cs.odu.edu

DynamicNetwork representation
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Conclusion

(d) Spreadin@ActivationRetrieval

1. Whathave we got?
2. Issues:

(a) Methodologyto link documents

acrosdormats.contentand (a) Applicationsto otherinformation

resources

languages.

(b) Methodto analysenetworksand (b) Scalability
obtaininformationon preferences (c) Sufcient senerlogsfor network
andstructureof usercommunity training

(c) Generatiorof alternatvesfor (d) Hebbianlearningassumption
citationbasedmpactfactors (invalid labeling,userrelevance)
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