WISDeM — a Human Computer Interactive Model
for
e-Learning

by
William Alan Janvier

A thesis submitted in partial fultilment ot the
requirements for the degree of

Doctor of Philosophy in Computer Science

in the

Liverpool John Moores University

2004



TABLE OF CONTENTS

ACKNOWLEDGEMIENTS .ccccccocossscosossssosssssssssssssssssssssssssesssssssssssssssossssssssesssesstsssiorssssessssssssssssssesssss 8
P e e m e PR 9
ANDEENVEA T IIND cosmecrssctrsboioiotivemntoniotidllints A g DA B PN L S 10
GLOSSARY (DEFINING TERMS AS MEANT AND REFERRED TO IN THIS THESIS)....... 11
LR O I oot e cicssssiossiosnboibinss U TR RO R 14
1 Lo By B g, T AR TUSE SOC R OETPRSTMOP—— 18
1.1 PR DRIV RN o o cototciio date il tuteint e AT T e ov iR o e va T i it e A e 18
1.2 RESEARCH RATIONALE AND HYPOTHESIS..........ccccccerrmrrerrrnressesssssssssssssssssssssssassssssssssarssss 18
1.3 RO T N A I TUII N L .o ciiivisivnisosimissvsvavessiniiomn it s rhssstishesssenivanabatsnsy 19
1.4 WISDEM AS AN ONLINE INTUITIVE INTERACTIVE DISTANCE E-LEARNING TOOL ............... 19
K BRIEF SUMMARY OF WISDEM’S FUNCTIONALITY .....ccccuveerirmrerensereeesssssesssnssnmnssesssssssnsenns 21
1.6 I NI T I - i i i B s e A A e TN E S AT e AR SR AR SR AT RSO 21
1.7 PUSRIEE AR .. . siihisiis ol tctiti sttt AR sastessaatmvns s sAires A S s 23
2 LITERARY REVIEW - DISTANCE LEARNING (E-LEARNING) & INTELLIGENT
TUTNIRING SYSTIEREE ..o cooniosscssrommssssssssssssreosessssosssssssesssass st s sssonessesssstnssessssssosisessssssssssssson 28
2.1 I TR o N eI o idsrciotonsarimesssseabharsersabobisvadutl 28
2.2 DISTANCE LEARNING E=ONLINE LEARNING.........ccuueiiuieeeseeesssesssssesssssesssssssssssssssssssasssses 29
2.2.1  Distance Learning Tools - general facilities........................cuuuueeerniooceeeeneeiiississsnanee 30
s.2.2 Distance Learning ToolS EVaUGHION......................c.cccooeecoisosssssssassosessssssssessssssasssseras 31
22232 T e ol o g I e B e ARSI P D - S I SRR 32
2222 ] o W ol s B 5 R e O O e T A s M S S N 34
2.3 DISTANCE LEARNING TOOLS SUMMARY ........cccoviiiiiiiieeiieseesssesssssssessesseesesssssssssssssssssssssses 36
2.4 T L Y T I Il .. A eorassonses s asavseisasusasssobasssssrsba savatesass 39
2.4.1  Overview of listed Intelligent TUtoring SYSIEMS ..................ccccoucurieimeissnnsssineinnienns. 43
2.4.2  ADELE - Bayesian Network Model - Animated Avatar (2000) .................ccccoevcuvvenn... 43
2.4.3 AHAM - Natural Language system (1999)................oouuueeereeessruscssenssrsssssnsssssessssasasane, 44
244  ANDES - Al, special purpose -Physics & maths (1995) ...........ccooeeeeeeiiincnieeciiiaaannn, 45
24.5  CiRCSUM-Tutor - Natural Language (1999) .............cceooeeeeceeeveeereeriesisesiesaissisnens 46
2.4.6  CREAM - Al, Natural Language, Multiple Knowledge (1996) ..............ccccccovveurununnne. 46
2.4.7  CRYSTAL - Al, Multiagents - Collaborative Observation Learning (2000).................. 47
2.4.8  Demonstr8 - Al, Maths orientated, Domain Expert System (1997) .......c.cccccccveueueuneee. 47
2.4.9 DT Tutor - Decision-Theoretic-Networks F R S e < B S PR 48
2.4.10 I-Help and S'UM - Multi-agent systems (2000).......................cccoeeeeemmiviiiiiniiirinnannn. 48
BRI I BRI o eyt 49
2.4.11 IMITS - Interactive Multimedia ITS (2000)................c.oooeeeeeevieeerieeesiesiiiieeeniaeenns 49
2.4.12 IRIS/IRIS-Tutor - Al semantic net, Multiple Knowledge (1997) ........ccccccoveuucuunne... 50
2.4.13 INTERBOOK - Al electronic textbook tool, Intelligent/adaptive Hypermedia (2000)
50
2.4.14 PACT - Al special purpose - GEometry (1999)..............cooeeeeeeeveeeieeieneeeeeesseeene. 50
2.4.15 SQOLT-Web - Constraint-based Modelling ITS & SmartEgg - ITS animated
PO AN I - s et o st e s ha i ot veesssiesimnsmanans 51
2.4.16 REDEEM - Al constraint based, Tutoring Strategies (1995).............ccccceeeeeeennne. 51
2.4.17 Intelligent Tutoring System SUMMAQEY..................ccccouoeeeeeeeeeeeeeeeeeeeereeeresenen. 54

& CHAPTER SUMMARY

3
3.1
3.2
3.2.1  Neurolinguistic Programming - EVe QCCeSSING CUCS .......................ccceveeeeeeeeeenaneensssnnn, 63
3.2.2  Neurolinguistic Programming Language Patterns............................cccocovvvvvviriessseenenes 64



3.23  Communication Preference Qnd NLP SUIMIMQPY ..............coveseeeeeeseeesesesessesasssssssasanens 64

3.3 LEARNING STYLES......ucuvrrerieinreriescessesnesesssssesessessesssessesessenssssssssssasossesssssssssssssssssssasssnsns 65
3.3 T IBIPOGUCHION ....cnnenneenerenveeeneerrererereseesssessessesssssessessesesessessessessessassesssssssesnssssenens 65
3.3.2  Learning Styles — is tREIr USE JUSHIQA? .....o.eeeeeeeeeereeeeeeeeeeeeeeeeeeeseeesssse e essssssesessaes 66
3.3.3  The Dunn and Dunn Learning Style Model Of INSHUCHON .......eveeeeeeeeeeeseeeeeeesssesenns 68
3.3.4  The Learning Style Inventory (David KoIb MOe) .........ueeeeeeeeeeeeeeeeeeeeeoeseesessesosons 69
3.3.5  The Myers-Briggs Type Indicator ® (MBTI®) - personality type designation.............. /1

3.3.5.1 MBTI Reliability and Valdity .............cceveerereememeeressererenesssseresessssesssssssssssssssns. 71

3.3.6  VARK LeQrning Style PreferenCes...unmneeeecsererrseesrssserssssssssssosssssssssssssssssssonss 73
3.3.7  Motivational learning — Maslow’s Hierarchy Of Needs..........eeeveveerercersssrsssssssssns. 74
3.3.8  GaGNE'S HIerQrCRY Of LEAINING ......o.veeeeeeeemeeereeersrereeresreressssosssssssssssssssssssssssssssemesnes 74
3.3.9  Learning Styles SUMIMALY «..voeverenerereereersesererssesssssessesesssssrssssssossossssessssssssssssssssessssanes 75
3.4 CHAPTER SUMMARY .....ccommevenrsreertenssensrssesssssesssessssssssssssssscssesemsssessesssssenossessssssssssnnns 76

4.1 INTRODUCTION .......covereeereerireresrneeesaessesensssenssssssssnsnsosssessasssessesssssmsesessssesesssesssmsesssesnen. 79
4.2 OVERALL ARCHITECTURE ......ceucueeveneereressseresrssesssesssssessesssssssssssnesesssmssssesssssnsssssnsssssssssnes 79
4.3 INITIAL STUDENT PROFILE CREATION ....vveveeeeeeeeeeeseeeeeeeesssseessssssesseems s esome s se s cevesnses 80
4.4 PSEUDO=CODE .........ccvvueererierireenceeeeesesssssesesssssssssesssssmesessssessssssssssssssesssssseses s nssssesssan. 81
4.5 DIALOGUE NETWORK DIAGRAMS (DND) ........covvveeeereeevereessenssssssesesssssssssesssassssssssssssensans 83
4.6 EXPANDED MODEL.......c.covereureueneeneeaeeenessesessssssessssessosseessssssssnssessssesssmsssssssssssssesessessses 92
4.7 CHAPTER SUMMARY ......cvouvreeerirernensssssnessessessssessessssesssnssssssssssssssssessessssssssssnsemesmensesen. 93

WISDEM — INTUITIVE INTERACTION......ccovesssesessssssossssssssssssssssssssssssssosssesssssssssssssssne 96
5.1 INTRODUCTION.......cuerrrenrrirerencesnasenesesssssssenssesessssesssmenmemsm e s e e e e e e e eee. 96
5.2 STUDENT LEARNING STYLES AND TEACHING STYLES. +eoeoeeeeeeeeeeeeeeeeeeeeeeeeeeeseseeeeeseeseoe, 97
5.3 THE STUDENT PROFILE ......coviuieitereneeeeseeseseeeeeeeeseesssns s e e s e e e e 100

5.3.1  The initial Student Profile Model........................ tessesessnsenseserserareranaeerassenransenensrnnenn 100

5.3.1.1 Communication Preference test OULPUL............ev.eeverevreeneeseesnssesessssssssessesns 101
5.3.1.2 Communication Preference test Validation .........eeeeeeeeeeoeooeeeeeoeee oo, 101
5.3.1.3 Learning Styles test Output........eeeveeeeeeeeeeeeeeeoseeeenns. bessssseesrarnnsurosssansrrenanessss 102
0.3.14  Learning Styles test Validation...................vevemeeeeeeeeeeeeeeeeeeeses e s ., 103
5.3.1.5  Conclusion on CP and LS psychometric tests in WISDEM ......e.eoeoeereeennnonns 105

0.3.2  Initial Student Profile deVelOPmMent ...........eeeeseevevsrereesresresssessssseessssssssssssasessssssses 105
5.3.2.1  Abbreviated Communication Preference Algorithm - pseudo code .................. 106
5.3.2.2  Abbreviated Learning Styles Algorithm - pseudo code.........vvmvvonevevvesresrnnne. 106

3.4 DEVELOPMENT OF COMMUNICATION PREFERENCE QUESTIONS ..o e 107
5.5 DEVELOPMENT OF LEARNING STYLES QUESTIONS.....oeo oo, 108
2.6 QUESTION KNOWLEDGE AND MOTIVATION INPUT ..o, 109
5.7 WISDEM’S PEDAGOGICAL STANDARDS ........eeeeeeeeoeeeeeeeeeeeeeeeese e 114

I-7od  GENETQLJOIAETS ......ooveseemsrenseressvesssesseessoss e seeee s e e s eeeeeeee s e ees e 114

2.7.2  Multi-choice QUESTIONS ANA ANSWEESeeeeeeeeereeeeeereeeeeeeeeeeeeeeseessssssesssnssssssssssssses 114
5.8 CHAPTER SUMMARY ......vevecerereoeeseseeses e 116

DESIGN & DEVELOPMEN Taveerececoressensessesssrsessoscessenssesssonsansossssssssessrssassssssssssensossosssssssse 119
6.1 INTRODUCTION........¢.cuuveenenreseesoes e s eeseeseeseesse e 119
6.2 DESIGN & DEVELOPMENT TIME SCALE ......eooeeoeeoeooeoooeoeoeooeoosoooeooeosoeooosoee 120
6.3 BASICDESIGN CONCEPTS .......ecoeo oo 120
6.4 THE USE OF THE FIVE PRINCIPLES OF GOOD DESIGN......ccoueeermeereeesnerscerscesssnssssenssesssnnss 122

Ocdd NBIUPQINESS ..o 122

.42 CONMSISIENCY ..o 122

0.4.3  NON-TCAUNAANCY.........oevrneoreeeeneeeeeeeeererereseererssseseresseessese et seeeeeeeeeeoe. 125

0.4.4  SUPDOITIVENESS u.evveerereveeneeeeeeeeeeeeeeeeeeeeeeeeeeeesesen beveroesnrrsnraresrerorssssseranss 126

0.4.5  FICXIDIIILY et bereonssasseenasesensesennes 128
6.5 DEVELOPMENT AND SYSTEM TOOLS.........cuvmeeeeeeemeeeeeeesee oo 128

0.0.1  MEACLESS cuneneeresrenctrertrsetseeversneveessseesssnssessessssssssss s e s e e 130

0.9.2  MSACHVE SEIVEE PAGES.....uuueeeeeeeeeeeeeeeeerereeeeeeeeeeeseeeeeeeeseeseeeeee 130

0.5.3  MS FrONIPAGE.........ecoeeeeneerrererereerereseeeesesesesesessssss s 130

0.5.4  MS IMAGECOMPOSEE .....c.unereanneererreerrervreseeeseissesssssessesssses s s eeeeeeseseo. 131

0.3.5  MS NotePad & TexXtPAd............eeeeeereeeeeeseeseseeeseeseessssne. Neesrronesenentrsnsorsonsarnsdsnenss 131



[ 1 Ly, - FF S ENFF - - 5, . ¥y + 5 F T 5F. ¥ 1 _ __ pyp . -Fs&f - _ 4 - For-F - - " ., __+«£ - - 5 - . ______ ___J.+ ¥ T , - - __ ¥ - T . .. .- J
N
F ! ry
4 r

s Sy SN U W W T ETrT T X L L N ¥ Rl R P il B e S BENELN r
i
’ P _: 4 A .

.50  MS VOV .oueneeeaeeeriseseesssssssesssesssssessssssosssssssssssosssssssssesssssnssesessnssssssssssssssssesssssnsssnssasss 131

6.5.7  JAVASCEIDE ooeeveveeveneseressssscsosssssvensssssssssssssorsorssssssesssrssosssssssssnssosssssanssssessssssessonssrsrsssoss 132
G.5.8 = ODBC....ououeeeereeeerversessssrsssssssssssssssssssssssssssssssssssssssssssssssessassessasssssssssssssssssnssssssssasnes 133
6.5.9 SIATEDEQW ..canaeenreonenencrcecosssnsssssssesessssssssssrssssssssssssssssssessssessssssssssnsnsssssssssenssssssnssoress 133
6.6 YEARS 1 & 2 - CORE ONLINE DISTANCE LEARNING SECTION......ccecceeeeresrerrrerssscssresssososes 134
6.6.1  OPEIING SECHOMN.........uceeeersenroreenmesesssssassssssvarssssssassssassssssssesssssssssssssssssssesasasasnaersssssns 134
6.6.1.1 Level 1 = default.asp ... ceeeeeeeeereceeererenereecceeeneenncerescenesssrossssssssesssossesssssasssans 134
6.6.1.2 LEVEl 1 = LINK.ASP..cccceereeeereeeeeeeeeeeeeeeseensnsessseeasseessrenssrassesessssensesssssssssasssssrresses 136
6.6.1.3 Level 1 = SCROOLASP...ccccueeeeeeeeeeersrerrrceressssnerrresencnsasnrasssssnsarsassssssnssssssessssessesss 136
6.6.14 LeVel 2 « INACX.ASP ....vvreeereerererensecssenreronsssessssorssssesssasssssssssssssssesssnsnssasansonsases 136
6.6.1.5 LEVEl 2 = NOMEA.ASP cecveeeriereeerersrsvreenereessscssssncrsessossrssssssssssssansassosssssssasansasassas 136
6.0.2  ROGUSIPALION. ......eeeeerreerererersreeersseerssersssacssasssosssssssssssssrsssssssensessanessansssnessrasossasssssessnes 139
0.0.3  Module fOlder...........eeeeenneeeeeeeeeeeeerrneeceensrssssssrsssssssssssssnssssssnessensssnsssanssssassssassess 139
6.6.3.1 MOAdule « MeNu fTAINE. ......cccveereuceenccccreccrssessrorseervessssssereessssesessresssssessssassanasssse 141
6.6.3.2 Module = Content TAIME.........cccoceeeeeemeesraneereresererersescssssesssssssossasssssssssssaesessssase 143
6.6.4  Information (PedAGOZICAL) ........eeeerveeerrerssssossenssssossssssesssrressorssssassssssnssssssssossssssnssses 143
6.6.4.1 OVEIVICW ...evvevrnrecrecorsossssosssssesssessssosssssssssssssosssssosssssssasssssssassessessssssssssrssensens 145
6.6.4.2 SPECIIICALION ...eeeevereerrerennececrererrsserssesnrensssssnsscsssssssesssssssnssensssssssssensannasosssssons 146
6.6.4.3 MaIDN TOPICS ..cuevereerereeerecreeeeeenseesnansnssessersecsssosssssrsssssssessarssassssssssssssssorsssssrsssses 147
6.6.4.4 COUTSES .....ccvveereeerreecsressossessssssasssssessesssssrssssosssessseassssesessssassssssserrssssesssnassanares 151
6.6.4.5 ROSOUTCES...ccienerierrecrrecrrsecsseereesossessessesseasssssssnssssnsssensssssasassssssesssassssnnsssressones 152
6.6.4.6 DOWIOAA .......eeeeieereereieeieenecenseesesssecssssessessssessrssssassssssessssssssassassanssansessanasse 153
6.6.4.7 EVAIUALION......coveeeeceemrerrcerreeesossrosceesansosassssssossssersossssssrsersssssssssssssasessssrvsosssators 154
6.6.4.8 FEOADACK....... ..o eeeeeeeerrevevrrreeiernieeesiossieesseaessesssscessassessorsrsrsessessassorsssansesasssencess 156
6.6.5 Tutorials - Course RevisSion QNA TUIOFIQL ...........e.eeeeveessecssenssssesersssssassossssonsssssrassonne 158
6.6.5.1 COUTSE REVISION .......uuueeeenrerrerenenseressssorssssssssosssssssssorsessossssssssensroressssssssorsossare 158
6.6.5.2 TULOTIAL.......oeccreeiereereeneneeseeeneesecsesseonsssssssassssssessesssesasesssssaneassssssssssssssessnssersess 159
6.7 YEAR 3 ONWARDS — INTUITIVE INTERACTIVE SECTION - MULTI-CHOICE Q&A................. 161
6.7.1  Communication Preference & Learning Styles.......co.ceuvveeeeriressrresveereicssssoscasseorsscns 162
6.7.1.1 Communication Preference (CP)......veeevvveeececererersnennsecessesssesessesssasssssssssssessse 162
6.7.1.2 Learning SEYIES (LS).....uuuuurmrermeeereerenevneeesterreseeessssssesessssssssnsnssssssssssessssssanasenass 164
6.7.2  Mulli-choice QUESHIONS & ANSWEES ceueeeeeeererrrreerrssavesservesesssnsesssassosssssasssssassssnssssaasssss 168
6.7.2.1  Topic Learning and MAIN system algorithm..........cccccceceercecsvrsneescrccnnocsecsavases 168
6.7.2.2 System AlZOrIhm QULLNE........eeeeeccccccrrscecrieeeesseseresesescsesssensssssssssssssssssonseses 170
6.7.2.3 HEAdOr MESSAGES.....coeeeececeeerrerrernnrerecssseneessesssssssessssssasassssoessssssssrassesossensness 173
6.7.2.4 TOPIC TESLINE .....eeeeereerrerenerrreeeserssossrsseossorssssssssssssssssnssssnsessssssssssssorsonansassssssen 175
6.7.3  Buttons and Hyperlinks in Multi-Choice Q& ......eeeeeveecsesrsercssssssssrssnessencsssnsasasonsns 182
6.8 YEAR 3 ONWARDS = ADMINISTRATION SYSTEM.....cvcreerveccerseecossencesssosescrsesssssssessssssssssase 194
0.8.1  TOP IEVEI ASP fileS...eeuveerreverreesreerssnsssssssseseesssessnssonsssonssossssnessesssasssassssssssssssassonensase 194
6.8.2  Generic Design implemented in AdminiStration Web. ............cvceeeseerssnenesenesssesnsese 195
6.8.3  FOIAEES...oorveeveeeeererserrerssrersessessessessensrasassessessesssssssesneessssssssontessnessessssasnsssransrnssnssss 197
6.8.3.1 INCIUAC ... eeeeereeeeereeennesssssessorssessmosssesssrsessesssssasacssssssssssssssssssssorsosansossassasnas 197
6.8.3.2  IMAGES ....c.ceereeercerrreeerererraesesessaenessnressessssssasassessssessnsssssessssasasnssnesessssasnnes 198
6.8.3.3 DAtAAAMUNL..........covveveeeeeerrvvrseeesessssossssssessssssssssassessssosssasserersassassssesssssorossennase 198
6.8.3.4 HCIP .ceeesicceeeeeericcnrsreeirecccsssssesessossonssonsssssssssssssesssssasaesessrsnsassnsssssssrsassssssssses 205
6.8.3.5 EMAIIQUETY ....oeeieceerreeeeeernsereeessseeesessoneessesssssssssssssssssrsrresssssssssesssssnassessnsansoses 205
6.9 CHAPTER SUMMARY .....ovveveevereerseensssesessessssorssssssessensasasssssssssssssessesssssssrasseressssonsarssess 206
7.1 INTRODUCTION........c..cvveerrererrensssossnssssnssssssssnsesansessssresassssssssssessssesssessrssssassassonssssnsnsnsases 208
7.2 THE STUDENT = ADRIAN .......cccveeveneeeueereesseeessessersssssssesssnsssssssssessessssesssessosasssesnsssssssressns 208
7.3 STUDENT PROFILE = INITIAL .......eeeeeeeeeeeneeereeessssesseesnsssssssssssasssosssssssssnssssnssnnessasessass 209
7.4 REVISION = TOPIC LEARNING..........cccoevcuiererenseoeessneessrarsssssssosssenessrasesssssssensensesnsssessssesss 211
1.5 REVISION = TOPIC TESTING ....uuueereeeceeeeeessrnnerssesnssssssssassssssssssssnssscsssssssssssnssssnnossssssssasess 213
7.6 REVISION Q& A PAGE FACILITIES & STUDENT MODEL STATUS UPDATE. ........oveveveerensennss 215
1.7 CHAPTER SUMMARY ...ccvviercrnrererrvereeasssssssssssossosssassssssssosssnnsessssssssssnssssasesssnssssnsessasesnss 217
8.1 INTRODUCTION ....cceeervrerreerorresesesorsscsssessrssosesssossssssersnsssssnsssnersnssssssssssnssnssssnsosnnsssnssssssss 220
8.2 USABILITY EVALUATION .....cotvtiereucrsrecsrrecsrorscorsesssssessessssessssssssssssssesssssnsonsssssessssssssenssss 221



8.2.1  Usability Evaluation MeIROMS ........eeeeeeeeeeeeeeeeeeseeeeeeeerneeereosensesosssnoscssasossesssssssssosassnee 222

- 8.2.2  StaliStiCAl FEQUITEMENLS «........eueeueeeeeeererenereieresrrnsensessssssssssssssssssasssssesssscssssssassesssoens 224
8.3 PLANNING THE EVALUATION .......cccetreremmerrrecccenennsonssecsasseosrsssssossssssssssssssesronsessssansnasnsess 224
8.3.1  EVAIUALION ODJOCHIVES....ueuueeeeeereeeeeeeevsrreccsesasnsaesessossssssessssssssossorssesssssrsssssssnssssonssassass 226
832 What needs 0 D @VAIUAIEA. .....ceuuueeeeeeeueeeeeereereeeserrvesereseessserrsseseserssssssssesssasssessassrares 227
8.3.3 Ethicsclearance.............eeeeeeeeeeeeceereecenees bessssssnessnesssesnsssrrsessesenessassontssstnassrsarssssassanes 228
8.3.4  Success Criteria — Design Qnd RALIONGIE.............euuueeerveeeeeveereosireoreensirenrerenscsecassssses 228
8.3.5  The desSign Of tRe @XPEriMENL..........cceveerecocseevrssesecssorssssessssossssssssssssasaessssasaesassessssosens 229
8.3.5.1 The Interactive Group €Xperiment.........cccceeiirerscccrssccsssscossoneernsssssnsasassassesssosens 230
8.3.5.2 The Control Group €Xperiment .......cccceeercerssssscssesasesseasssssssassencsssnsssessasaesnsessess 233
8.3.5.3  The experiment concepts, problems and IMProvements..........co.eevveerranensocerses 235
8.3.54 SUCCESS CTItETIa.....cvvvveerreereeeeerreeseeseereereeensessssssessssesssssassssssssssssssnsssnssnsssnsssssses 236
8.3.5.5  Design - Section 1 and SECHION 2........eecrrrerierccrercccrnnsersssrassesssssesssssaesssssassssans 237
8.3.5.6 Design and Rationale - Questions CP & LS......urvnrvccvcnrrecreeveneeeeneeneereereresens 239
8.3.5.7 Design and Rationale - Multi-choice Question & ANSWET.......cccoreeerecscssssercnens 241
3.4 EVALUATION EXECUTION.......cuuuveeeeereesrrnsesereescessonsssssassssssssssssssssssssasssssssssrsnnsassasssssusssss 243
8.5 EVALUATION RESULTS ......c000eeeeeeeeessrssvrssasssessossssssesssssassssssssssssssasossssssnnesaassssasssssssasssssss 243
8.3.1  ANECAOIAl EVIAENCE «...eeeneeeeeeeneeeeeevenreesevrenreeessnssseresmasosssssssassssssssessssssssrsnsssssansssosss 244
8.5.1.1 Conclusions from anecdotal eVIAENCe .........cceeeeriernevnreecrscseececseerenneasennacsssonses 245
8.0.2  SUDJECHVE EVIARIICE ceveeeeeeeeeeeeeeeeeeeenercrereeeeeeeseeserreessssesssesssssssssasssnsessssssssserensessessssses 245
8.5.2.1 Conclusion from the subjective eVIAence .......eeeeeeeiiccccrnrscccnneerecseccserccsnnnensesess 246
8.3.3  SlALSHCAI EVIACINCE «..oeeeveeeerneeeeeneererererereresesresesssssssesssssssssanssssssssssssssssssssersonsasssannases 247
8.5.3.1 SECTION 1 - Evaluate LOGON and establish CPLS.......ccoccvevvveemeanneneeeeacnees 247
8.5.3.2  SECTION 2 - Report on Multi-choice Q&A facility........ccoccrveerreenecrvercvanescrnnee 250
8.5.3.3 SECTION 2 - Two-Sample T-test and ANOVA..........eiiineeicnnvnnscrnacsssnensens 250
8.5.3.4  Conclusion from statisStiCal EVIAENCE.......c.ceceruerrecrrrreeeeerssssssecssssssossssssssansernses 254
8.5.4  Summary of eVAlUGLION PESUILS .......uueveeeeveverreeereressssrersrnensessesssssssssssrossssssesssessssssnsass 255
8.6 CHAPTER SUMMARY ....cccecvereerererersrrrneereessresssrsassrsssaresssesssssssrssssssessssssssssssssasssssssssssnsnss 257
9 CONCLUSION AND SOME SUGGESTED FUTURE WORK ...cveeccsssccorsssessssssssessossrcscs 260
9.1 INTRODUCTION ....ccctieerressesssssveresansesseesessssessssnsessossssasessassassssssssessssssasssssassssasassssssssassasse 260
9.2 THIS PROJECT’S MAIN CONTRIBUTION ....cvvtercrerneersarsraressassoresasosasssssessasssasorassssssasssnssns 261
.21  OFIGINALILY....nnnrerrereevererecererssssresnenresesessosssssssssassossssssssssssnssestasesssbsssssassasssssssssnns 261
9.2.2  CONPIDULION. «...eoneneneneeererreenvrereeersrsnsrsessssessssssessssssssosesseresssnsssssnsasessssssssssssssvessssranss 261
9.2.3  Difference 10 0tREr ONliNE DLTS......ueeeeeeeeeerreerersersrrrenvesneeoresssssenssssnsssssssessasssssesssssses 2062
9.3 CONTRIBUTION FROM EACH CHAPTER ...ccvcecrvrrerrrersrrecssscsssssssnsessssosssasessasssssnssossssnusssanse 262
9.3.1  CRAPIEE 1 = INIFOMUCHION «a....enneeeeeeeereeeeeerrssssssesssssssiasssssessassssasssssssnnasssssssssssssssasness 263
9.3.2  Chapter 2 - Literary Review — Distance Learning (and E-learning) & Intelligent
TULOTINIG SYSIEMS.....veerreereereerrsrrssseressssssessrosssssesssessessosssesassnsessssassasesassassntossesssssssssssssssnesasens 263
9.3.3  Chapter 3 - Communication Preference & Learning Styles.........cweveresecsesseressesesens . 263
9.3.4  CRapter 4 = WISDEM = FEAMEWOIK .v..vevveeeeresresssssssossssossosssessesssssesessasassessessasssessssesss 263
9.3.5  Chapter 5 - WISDeM — INtUItiVe INEETACHON........c.evereesseerssssusersessmsensessrsersesssassnssssases 263
9.3.6  Chapter 6 - Design & DeVelOPMEnt ...........vueueeceveeeresseresseessssmsessssssssssssassssssssasssenes 264
D.3.7  CRAPIEE 7 = SCONALIO aveveeeeeeeeeeeeereessessesssessesssssssessessessassssessssssssssssessessssssnssssssasessss 264
9.3.8  CRAPILEE 8 « EVQIUGLION «.eseeeeeeeeeeeeeeeseresrsssnssesesssssssssessesssssssssonsesssssssssssnssssssssssessess 264
94 CONCLUSIONS .......oeceeririreeeseneeeesenesesenesesemensassmsesesessssssessassssssasssssesesssssssssessassesassssssss 264
9.5 SOME SUGGESTED FUTURE WORK ......cuvuvuimeersiseresesssssssssasssssessscssssssssssssssssssessnsasasasssess . 266
9.3.1  Enable full SQL database CONNECHVILY ..........cvererrrererusssssssssssssasssssessssssescssasassnssessses 266
9.5.2  Complete the Administration SyStenm COMING .........verwerrerererssssssesssnsssassesssssssssssss 266
9.53.3  Other Potential DEVeIODIMENLS ..........eereeesversesessessssssessossssssesssassssssssssasssassssersessases 267
9.6 CHAPTER SUMMARY .......cueoreereeerenssenescsesesesssseesessssssesssssessssssassssssssssssssssssssssssssnssssssss 268

OTHER REFERENCES «..euvveteectererrsrecsssssssssssssennssnssnsssssnnssnnns veeseasenessssressensesreenaseressssssssssnsssssossesses 21
AP P ENDIx.-i-unm---iluiti-.tu-ti----t-l-tltniitll-ur-l.utti--lr"#tnill“iiii-“-uimtmn ------ PO P 0000000000000 00000000 OPESY 283
ETHICS COMMITTEE APPLICATION ...ccoteueteeseerseerssossesssssssssssnsssssssssssesssssnnnssnnsennsnnnenneesnsesssssnssssses 284



PROJECT DETAILS DOCUMENT ..coeeeeteteneeteseesnmesnsns s eeeee e teeessesesnessssennessstsesssatreressesacnsonsensenss 290

EVALUATION DOCUMENT - 1ST SESSION EVALUATION = CPLS & WEB SITE..c.uevvoeeeerennnes veessernrones .291
EVALUATION DOCUMENT = 2ND SESSION = GROUP EVALUATION FOR CPLS aaneeeeeeeeeeeeeeesevnscssessens 302
EVALUATION DOCUMENT -2 SESSION = GROUP EVALUATION FOR WEB SITE .caueeeeeeennne.. vevessresenes 307
INDEX PAGE......... veeevenserenes reeeeestemssacsnssrsensrrerasrnsnns feeeseesossesrssnsasesessesnotassasesnssnsersaresresarensanreresares 313



¥

o

*

= —.ﬂ_I.:L".I.L'-'I;'ﬂi'J

-

ACKNOWLEDGEMENTS

ABSTRACT

ABBREVIATIONS

GLOSSARY

LIST OF FIGURES

<



Acknowledgements

First of all I want to thank my wife, Jean, for her support and encouragement
throughout the years it has taken to research and create this model, and for never

complaining when I got up at 4am to record some “vital’ idea I had had, and then going

back to sleep leaving her awake.

I should also like to thank my supervisor, Dr Claude Ghaoui, for her advice and

guidance over the years, for keeping me on track and providing constant encouragement

and incentive without which this thesis would not have been accomplished.
Thanks are also due to LIMU’s technicians who helped to set up the required systems.

Finally I owe a debt of gratitude to the PhD, MSc and 3™ year HCI students who

assisted with the evaluation without which the Evaluation and following extrapolations

could not have been made.

THANK YOU TO ALL.



Abstract

This thesis proposes, demonstrates, and evaluates, a framework model, we call
WISDeM (a Web-based Intuitive/Interactive Student Distance-education Mbdel), a
tutoring system that uses the student’s own psychology, Communication Preference
(CP), Learning Styles (LS), and Neurolinguistic Programming (NLP) Language
Patterns to enhance his/her ability to remember and recall instances of knowledge. CP is
the way that humans communicate most effectively using their iconic, echoic or
kinaesthetic sense as their preferential channel of sensory learning input. At inception

the model creates a dynamic Student Model consisting of their CP-LS and Novice]
Expert (NE) factor.

Inutially the thesis looks at Distance Learning Tools and Intelligent Tutoring Systems
and highlights that none of these systems introduce the student user’s psychology into
their systems. It then discusses Communication Preference and Leamer Styles and
proposes a new methodology used in creating a tool incorporating Human Computer

Interaction (HCI) principles and a Student Model that dynamically and interactively
links a Student’s updated Profile with the module content and relevant additional data

S0 as to enhance his/her learning potential by using the student’s own psychological
Student Model from inception. The basis of the thesis is that, in order to make effective
Interactive communication more effective, the system needs to encompass HCI and the

psychology of the student user BEFORE the student, as a learner, starts to use the
system.

This also allows tutors, as education providers, to put the different needs of their

students and educational pedagogy, and not just technology, at the centre of their

attention when authoring and entering content.

The main contribution of this PhD project, in this area of research and development,

looks to:

0 Bring HCI and its related disciplines (computing, psychology and education) into e-
learning,

Q Model the student and enhance the inTS design for the student’s benefit,
0 Start to bridge the 1dentified gap,

0 Be guided by a flexible and Human-User Centred approach.
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Glossary (defining terms as meant and referred to in this thesis)

Artificial Intelligence - the simulation of human intelligence processed by machines, especially
computer systems and includes leaming (the acquisition of information and rules for using the

information), reasoning (using the rules to reach approximate or definite conclusions), and seif-
cormrection.

Asynchronous - not occurring or existing at the same time or having the same penod or
phase.

Avatar - an image representing a user in a multi-user virtual reality space.

Bi-polar - having two parts.

Brain Lateralization Theory - the idea that the two hemispheres of the brain have different
functions: left-brain=verbal-sequential abilities and right brain=emotions-spatial holistic
processing.

Brainstorming - structured, open discussion by a group of people leading to the generation of
ideas to address or resolve a problem. In essence ideas are promulgated without evaluation or
explanation until there are no more, the ideas are then evaluated and categorized and scored
with some being rejected. The process is then carried out on each idea ‘ad infinitum’ until input
is exhausted. Finally the most useful are adopted. Individuals can execute the process.
Cognitive Psychology - the science that deals with mental processes and behaviour that
emphasizes internal mental processes.

Cognitive process - the performance of some composite cognitive activity; an operation that
affects mental contents - "the process of thinking” - "the act of remembering®.

Cognitive Skill - knowing a developed talent or ability, or apprehending understanding of a
developed talent or ability.

Communication Preference - the selection of your own way in the art and technique of using
words effectively to impart information or ideas.

Confidence Level — Normally measured at 90% or 95%. A statistical term applied to sample
sizes to describe the probability that a true statistic will fall within a given range. If the
confidence level is 95%, then 95 times out of 100 the population percentage, if it could be
measured, would be within the confidence interval, and 5 times out of 100 the population
percentage would be outside the confidence interval.

Cue Recognition - the facility to recall instances as a result of a prompt to a known instance in
long-term memory or an awareness that something perceived has been perceived before
prompted by a reminder, prompt, hint or suggestion.

Distance Leaming - Leaming that takes place when the instructor and student are separated
by space and/or time. The gap between the two can be bridged through the use of technology -
such as audiotapes, videoconferencing, satellite broadcasts and online technology - and/or
more traditional delivery methods, such as the postal service.

:Edlucat_ional Psychology - the science that deals with mental processes and behaviour related
0 leaming.

E-leaming (online leaming) - leaming using electronic media.

Exp_ert System - a computer program that contains a knowledge base and a set of algorithms
that infer new facts from knowledge and from incoming data.

Humar] Centred System - is at the heart of the HCI field, it offers i) active involvement of
users, i) to make sure that human skills are used propery, iii) to allow time in project planning,
iv) multi-disciplinary design, v) understanding and specification of the context of use, vi)
specification of user and organizational requirements, vi) multi-design solutions, and viii)
evaluation of designs against requirements by involving real user testing.

HCI — Human Computer Interaction is the study of how humans interact with computers, and

how to design computer systems that are easy, quick and productive for humans to use.
HHI - Human-human interaction.

Instance - an item of sensual input that the memory receives.

Instructional-design theory - a theory that offers explicit guidance on how to better help
people leam and develop. The concepts of leam and develop may include cognitive, emotional,
social, physical, and spiritual.

ITS - an Intelligent Tutoring System consists of: i) a user interface, if) an expert model, or
knowledge model representing the domain expert’s subject matter, iii) a student model, or
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learner model representing the student, and iv) an instructional model that holds the
pedagogical data.

Knowledge - the remembering of previously learned/stored material: the recall of a number of
instances, from specific facts to complete theories, to working memory.

Leaming - the cognitive process of acquiring or refining skill or knowledge, the storing of
knowledge in long-term memory.

Leaming improvement - in WISDeM refers to the fact that the inTS assists the student to

measurably attain more learning using the inTS system than compared to using the system
when it does not take cognisance of his/her profile.

Leamning Styles - the sixteen styles made up out of from four couplets types:

Extrovert|introvert, Sensing|iNtuition, Thinking|Feeling, and PerceptionjJudgement.
Memory -

Cognitive - memory that is consciously known at a specific moment.
Echoic -the persisting effects of auditory stimuli

Episodic - the facility to relate instances to each other using occurrence time to relate
each to the other

Haptic - the persisting effects of touch stimuli
Iconic - the persisting effects of visual stimul

Instance of - an episode of Memory, the initial learning something, some item of
knowledge.

Kinaesthetic - movement, touch, emotion, and feeling.

Meta - differentiating and discriminating one's own

Procedural - Jong-term memory, remembering operations or ways of doing things
Reference Library - Jong-ferm memory, remembering facts, words, instances
Semantic - word store memory, where language is stored and related to instances

Technical Library - Jongterm memory, remembering methods, modus operandi,
procedures, and skills.

Meta-cognitive skills - knowing the way your own mind works.
Modality

Auditory - use of auditory imagery: hearing, tonality, pitch, melody, volume, and tempo
Kinaesthetic -use of emotional, feeling, movement imagery: intensity, temperature

Visual - use of visual imagery: sight, colour, brightness, contrast, focus, size, location, and
movement.

Neurolinguistic Programming - the Study of the Structure of Subjective Experience and what
can be calculated from it.

Motivation - The driving force within that causes an individual to act in order to achieve a
specific goal.

Observational Evaluation — observing subjects using the system and coliecting information
about what they do or do not do.

P-value - represents the probability of a result of a test of association having occurred by

ghance If there was actually no association between the variables. Probability values can only
lie between 0 and 1, and P-values never actually reach 0 or 1. If the P-value is less than 0.05, it

signifies that a result like this could only have appeared by chance 5% of the time if no

association actually existed - this is a statistically significant finding.
Pedagogy - The art and science of teaching.
Perceptual

Constancy -the assumption that things generally remain the same.

Organization - the organization of instances using Similarity, Proximity, Continuity and
Closure to categorize an instance.

Selectivity -the selection of those instances that are to be accepted as input.

Readiness - using Knowledge and interest, Previous experience, Personality traits, Social
and cultural influence, and Functional fixedness.

Skill - judging good work and recognising defects.
Psyche -the immaterial part of a person; the actuating cause of an individual life.
Psychomotor Skill - camrying out the physical task.
Remembering - the act of storing sensual input into the memory and, after a period of time,

recalling an instance and/or a group of instances either consciously or subconsciously.
Socratic Method - teaching by asking a series of questions.

Subliminal Text Message - a text message that is below the threshold of conscious
perception.
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T-value - T-test measures the difference between the means of the two populations of which
the data is a random sample.

Trouble-maker - an agent introduced to an ITS where it has a level of competence that is
superior to that of the student in order to provide reasonable competition. It has pedagogical
knowiedge that can help it to plan interactions efficiently.

Wizard of OZ — a technique where a developer has a concept of a computer system. Actually it
is a simulation provided by either a human (referred to as the wizard) or the combination of a

human and a computer. Executed individually requires deep conceptualization and the
consideration of many ‘What-Ifs’.
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1 Introduction

Chapter 1 introduces the:

0 Project’s Motivation that explains how the concepts started.

Research Rationale and Hypotheses on which the thesis is based.

0
o Project’s Main Contribution to academia.
0

Description of WISDeM as an intuitive interactive online Distance Learning Tool

and what gaps have been covered by the system.

0 Thesis Overview of each chapter.

o List of Published Papers for this PhD project.

1.1 Project Motivation
Peoples experience, including the author’s, of a number of Distance Learning Tools was
that, whilst they achieved an objective of containing and presenting knowledge
extremely well, the experience of using them fell far short of normal human-human
interaction (HHI), was flat and gave no rewarding motivation. The user had to accept a
standard presentation that did not vary from user to user — briefly there was no real
human-computer interaction (HCI) that approached HHI, and, thus, the learning

experience lacked the quality that was required to make it as effective as it should be.

The project was motivated by the concept that a virtual university should be, to the
student, an online distance learning environment that is capable of being transmitted via
the world wide web by an intuitive interactive tool, a simulation of the real-world
learning experience and, at all stages, interacts with the student's changing profile whilst

it provides the required motivation and rewards.

12 Research Rationale and Hypothesis
The concept of creating a human-computer interaction that matched human-human
interaction formed this project’s main motivation and objective. Solving any large
problem may seem daunting, indeed so daunting that ‘it is better not to start’ — initial

comments from peers from different parts of academia suggested that ‘the project was
too difficult’.

Completing the whole of HHI to HCI replication will take many years of research and

development by different researchers. This thesis is viewed as a step in this direction
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and process. It uses the following basic hypothesis: “Matching neurolinguistic
programming (NLP) language patterns in an online distance learning tool, with the

learner’s communication preference and learning styles, will provide an intuitive

tutoring system that will enhance Human-Computer Interaction and communication

and, thus, enhance the storing and recall of instances to and from the learner's

memory; thus enhancing learning”.

To attain this goal two psychometric tests establish the student’s Communication
Preference and Learning Styles. Then Neurolinguistic Programming language patterns,
Motivational Factors, and a Novice/Expert Factor are used to create the Student Model.
The design uses knowledge of ‘the Way We Learn’ in the interface.

1.3  Project’s Main Contribution
The main contribution of this PhD project, in this area of research and development,
looks to: i) Bring HCI and related disciplines (computing, psychology and education)
Into e-learning, ii) Model the student and enhance the inTS design for the student’s
benefit, iii) Start to bridge the identified gap, and iv) Be guided by a flexible and
Human-User Centred approach. To achieve these goals the project replicates HHI in
HCI in the WISDeM system that successfully introduces an HCI that matches each
student’s  psychological requirements with reference to matching his/her
communication preference and learning styles. WISDeM also introduces a measure of

motivational reward and statistical reporting that matches each user’s psyche.

In short the project’s main contribution is that the student has a system that matches

hisher own personality and thus enhances his/her ability to leamn — enjoy the

experience, remember and recall knowledge significantly more than without a match.

14  WISDeM as an online intuitive interactive Distance e-Learning Tool
WISDeM' (William A Janvier & Ghaoui, 2001) has been developed to offer a
Human-Centered Generic intuitive/interactive online Distance Learning Tutoring

System (inTS) for higher education. Gagne’s research into the “Conditions of

' WISDeM - Web-based Intuitive/interactive Student Distance-education Model is a generic

cllevelopment of Dr Claude Ghaoui’s ProFlexLearn system developed since 1996/97 (Claude Ghaoui,
997). _
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Learning”® (Sporre, 2001) highlights the requirement for one-to-one interaction
between student and tutor: not always practical in the modern university. The
project’s research also indicates that the marrying of a DLT with an Intelligent

Tutoring System (ITS) in a generic manner to produce a Human-Centred ITS tool for

the WWW would be beneficial to a student (Djian et al., 1999).

In general, the project’s research shows that a DLT is expected, as far as possible, to
i) emulate learning ‘in-situ’, ii) support both the tutor and the student by being able to
replicate the tutor’s advice and direction, iii) be able to function at some remote time
and place on a 24/7/365° basis, and iv) support the growing paradigm shift from
Teaching Theory® design, where modules are designed primarily to satisfy what/how
teachers wish to present information - leading to possible student confusion® (8.
Ainsworth, 2000), to a student-centered/Learning Theory design (Duchastel, 1998).
The student should find the system intuitive to use with either an Intranet or Internet
browser with the DLT encompassing i) Self-Directed learning (English & Yazdani,
1999), and ii) Asynchronous and Synchronous communication (Phillos et al., 1999;
Turgeon, 1999; Wang et al., 2000). In this project research has shown that the
accepted standard is that a student must be able to experience Self-Directed Learning

and Asynchronous and Synchronous communication.

(Bouras & Philopulos, 2000) consider that using a combination of HTML, Java and
the VRML, makes acquiring knowledge easier by providing such facilities as Virtual
Chat Rooms for student-student-teacher interaction, Lectures using the virtual
environment, Announcement Boards, Slide Presentations and Links to WWW pages.

(AHerran, 2000) provides an excellent presentation of the various components
usually offered.

* Gagne’s nine events of instruction for the human learning/memory model are: i) Gaining attention,
ii) Informing the student of the objective, iii) Stimulating recall of prior learning, iv) Presenting the
stimulus, v) Providing learning guidance, vi) Eliciting the performance, vii) Giving the informative
feedback, viii) Assessing performance, ix) Enhancing retention and transfer. The designer is required to

design instruction that would be expected to make the most of the kinds of variables that lead to
cffectiveness of learning in the one-to-one tutoring situation.

> 24 hours per day, 7 days per week, 365/6 days of the year

* Teaching Theory - (Major & Ainsworth, 1997b) take the view that different teaching styles need to
be taken for different domain areas and students. In essence, to maximize results, each student needs to
be categorized (S. E. Ainsworth et al., 1999).

> Research has also shown that different teachers adopt different strategies for the same student. Thus
allowing teachers to adopt their own preferences and teaching theories produces: for the same student,
a different path and selection through the course material. It was found that there were strong inter-
author differences in what was taught as well as in the order in which it is taught (S. Ainsworth, 2000).
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WISDeM offers the necessary Intuitive Interaction whilst maintaining at all times the
KISS (Lampson, 1983) principal (Keep It Simple Stupid).

1.5  Brief Summary of WISDeM’s functionality
To summarize, WISDeM offers the main facilities of a modern DLTs PLUS Intuitive
Interaction, whether the student is a low or high skill student (Lamberti & Wallace,

1990), has a communication preference that is iconic, auditory or emotional and
matches the requirements of any one of the sixteen personality types. The system wraps
an intuitive cover around the interactive learning modules, creating an interaction
between the student and the system that is seamless. As the student interacts with the
WISDeM, it watches how a student proceeds through the material and, from the

observations it makes, records what the student knows, what the student does not know.

The system either takes action autonomously or by the student’s request according to
the student’s psyche.

1.6 Thesis Overview

This thesis is split into an introductory section, nine reporting chapters and an Appendix

of supporting information.

Chapter 1 - Introduction
This chapter introduces the project's motivation and explains how the concepts started,

it covers the research rationale and hypothesis on which the thesis is based, discusses

the projects main contribution to academia, provides a description of the WISDeM
system as an online intuitive interactive distance learning tool, the gaps that have been

successfully addressed by it and provides a thesis overview of each chapter. It finally
lists published papers.

Chapter 2 — Literary Review — Distance Learning (and E-learning) & Intelligent

Tutoring Systems
This chapter reports on a literary review of selected Distance Learning Tools (DLT) —
online learning and includes a précis of the Blackboard™ and WebCT™ reviews. It

then reports on a literary review of selected Intelligent Tutoring Systems (ITS)

providing a brief overview of their history and an analysis/comparison of some

representative systems. It finally highlights the gap, which exists, that WISDeM starts
to cover.
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Chapter 3 - Communication Preference & Learning Styles

This chapter introduces communication preference and neurolinguistic programming
(NLP) and the part they play in inter-personnel communication and then introduces
NLP eye-gaze and language patterns. It discusses learning styles (is their use justified?)

and briefly covers the Dunn & Dunn Learning Style model, Kolb's Learning Style
inventory, the Myers-Briggs Type Indicator® (MBTI®) including its reliability and
validity, VARK Learning Style Preferences, motivational learning (Maslow's
Motivational Hierarchy of Needs), Gagne's Hierarchy of Learning, and in the summary,

introduces the important elements that have been encapsulated in the WISDeM system
from this chapter.

Chapter 4 - WISDeM - Framework .
This chapter describes WISDeM's framework By covering the overall architecture and

the initial student profile creation. This provides details of the way the student profile 1s
created, pseudo code that provides top-level code data outlining the treatment of a new
or existing user, dialogue network diagrams that cover the main aspects that make up
WISDeM's interactive essence. Then the expanded model diagram illustrates the

various components and data flow of revision intuitive interactive multi-choice Q&A.

Chapter 5 — WISDeM — Intuitive Interaction
- This chapter discusses student learning styles and teaching styles, then it looks at the

student profile: i) the initial student profile model (communication preference (CP) and
learning styles (LS) test output and validation), ii) the initial student profile
development (CP & LS algorithm pseudo codes). It goes on to discuss the development

of the CP questions and the development of LS and finally covers the knowledge and
motivation used in WISDeM and its pedagogical standards.

Chapter 6 — Design & Development
This chapter overviews the timescale over which WISDeM has been developed,

outlines the basic design concepts used and the way the five principles of good design
were incorporated in the system’s development. It then provides details of the various

tools used in the system and in developing it, outlines in more detail the design and

development in years one and two (core distance learning section), and, in year three
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plus, the design and development of the intuitive interactive section of the multi-choice

Q&A and the administrative system.

Chapter 7 — A Scenario
This chapter introduces Adrian, a composite student who uses the system. Adnan is

made up from a number of students who used the system. The scenano starts with the
logon and covers the functionality of the intuitive interactive part of WISDeM. It
reports on how the initial profile is created, on Adrian using both topic learning and

topic testing and how the system dynamically maintains his profile. It also interposes
insight into what the system is actually doing and why.

Chapter 8 - Evaluation
This chapter reports on WISDeM’s evaluation. It discusses usability evaluation

(methods and statistical requirements), covers the evaluation planning (objectives, what
needed to be evaluated, ethics clearance and success criteria — design and rationale) and
then discusses the execution of the evaluation. Finally it discusses in depth the actual

evaluation results covering the anecdotal, subjective and statistical evidence (analysed

using the two-sample T-test and ANOVA) drawn from the evaluation of the logon and
creation of the initial student profile and then from the inITS multi-choice Q&A

facility. It concludes by a summation of the evaluation exercise whose outcome
significantly supports the hypothesis.

Chapter 9 — Conclusion and Some Suggested Future Work
This chapter briefly covers the projects main contribution, summarizes each chapter and
suggested possible future work.

1.7  Published Papers

This 1s a list of papers published: Each has a brief overview of the paper.

Jﬁnvier, W. A., & Ghaoui, C. (2001, September). Searching for WISDeM, the Holy
Grail of Intelligent Distance FEducation. Paper presented at the HCT2001 Workshop -

Information Technologies and Knowledge Construction: bringing together the better of
two worlds, University of Sussex, Brighton.

Initial research looked at current Distance Leaming Tools (DLT) and Intelligent Tutoring
Systems (ITS). It aims to bring in together both areas for developing a KISS (Keep It Simple
Stupid) generic Distance Leaming Intuitive Interactive system. This project is a continuation of
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an ongoing research and development into Online Flexible leaming since 1997 and builds on an
earlier prototype.

Janvier, W. A,, & Ghaoui, C. (2002, 26-27th Sept). WISDeM: Communication
Preference and Learning Styles in HCI. Paper presented at the HCT2002 Workshop -

Tools for thought: Communication and Learning Through Digital Technology,
Brighton, UK.

This paper is based on the Research Hypothesis that *Matching neurolinguistic programming
(NLP) language patterns in an online distance learning tool, with the leamer’s communication

preference and leaming styles, will provide an intuitive tutoring system that will enhance
Human-Computer Interaction and communication and, thus, enhance the storing and recall of
instances to and from the learmer's memory; thus enhancing leaming’.

Janvier, W. A., & Ghaoui, C. (2002, 1-4 November). WISDeM - Student Profiling
using Communication Preference and Learning Styles mapping to Teaching Styles.

Paper presented at the APCHI 2002 - 5th Asia Pacific Conference on Computer Human
Interaction, Beijing, China.

This paper discusses a Distance Learning Tool and outlines WISDeM's (Web Interactive
Student Distance-education Model) Architecture, current and future development. The whole
emphasis of the research is that a Generic Interactive Tutoring System should exhibit the
"Keep-It-Simple-Stupid” (KISS) principle for all stakeholders: there is a lack of research linking
data in Distance Leaming Tools databases, Tutorial HTML pages, hyperlinks and Intuitive
Interaction in a generic manner. The paper also discusses establishing a Student's Profile using
Communication Preference and Learning Styles automatically mapped to Teaching Styles,

Neurolinguistic Programming Language Patterns, and WISDeM's architecture, current
development, initial results and future work.

Janvier, W, A., & Ghaoui, C. (2003, 18-21 May). WISDeM and E-Learning System

Interaction Issues. Paper presented at the 2003 IRMA International Conference,

Philadelphia Pennsylvania, USA.

This paper discusses interaction between the computer interface and the user in e-leaming.
Catania 1992 reports that sensory input is mainly derived from iconic 60%, auditory 30%, and
haptic 10% with little from olfactory and gustatory. Driscoll and Garcia 2000; Fleming 2001;
Fleming and Mills 1998; Fuller et al. 2000: Murphy et al. 2002 show that everyone has his/her
own preference for exchanging ideas, acquiring and passing on knowledge. Sadowski and
Stanney 1999 report that there is a tendency to prefer one sensory input (visual, auditory or

kinaesthetic - tactile/haptic) whilst Fleming 2001's research shows that most students prefer
multi-modal communication.
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Janvier, W, A., & Ghaoui, C. (2003, September 3-5). Using Communication
Preference and Mapping Learning Styles to Teaching Styles in the Distance Learning
Intelligent Tutoring System - WISDeM. Paper presented at the Knowledge-Based

Intelligent Information and Engineering Systems - 7th International Conference - KES
2003, Oxford, UK.

This paper discusses interaction between the computer interface and the user in e-leaming.
(Janvier and Ghaoui 2001; Janvier and Ghaoui 2002a; Janvier and Ghaoui 2002b) consider that
correct inter-communication style should be established and started before leamers commence
their e-leaming: their research hypothesises is "Matching neurolinguistic programming (NLP)
language patterns in an online distance leaming tool, with the leamer's communication
preference and learning styles, will provide an intuitive tutoring system that will enhance
Human-Computer Interaction and communication and, thus, enhance the storing and recall of
instances to and from the leamer's memory; thus enhancing leaming’.

Ghaoui, C. & Janvier, W. A. (2004, May 23-26). Interactive E-Learning. Paper
presented at the 2004 IRMA INTERNATIONAL CONFERENCE - Innovations

Through Information Technology, New Orleans Marriot Hotel, New Orleans, LA,
USA.

This paper introduces the new concept of improving student memory retention using a
Distance Learning Tool by establishing the student's Communication Preference and
Leaming Style BEFORE the student uses the module contents.

It argues that incorporating a Distance Leamning Tool with an Intuitive/Interactive Tutoring
System using various components (Psychometric tests, Communication Preference, Leaming
Styles, mapping Leaming/Teaching Styles, Neurolinguistic Programming language pattems,
Subliminal Text Messaging, Motivational Factors, Novice/Expert Factor, Student Model, and
the Way We Leam) combined in WISDeM to create a Human-Computer Interactive distance
e-leamning tool does indeed enhance memory retention.

The authors show that WISDeM's evaluation indicates that a student's retained knowledge

has been improved from a mean average of 63.57% to 71.09% - moving the student from a B
to an A.

Ghaoui, C., & Janvier, W, A. (2004). Smart ProFlexLearn: An Intuitive Approach to
Virtual Learning Environment, In: E-Education Applications: Human Factors and

Innovative Approaches, IGP, USA, (ed. Claude Ghaout), pp 66-83.

The chapter looks at the background of Distance Leaming Tools (DLT), the development of

"Promoting Flexible Leaming” (ProFlexLeam) as a DLT, the background of Intelligent Tutoring
Systems, introduces Leamer Profiling (Communication Preference, Leaming Styles and
motivational factors), the development of ProFlexLeam into a Web Intuitive/interactive
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Student Distance-education Model (WiSDeM), and its architecture and future improvement as
a generic Intuitive Interactive Tutoring System.

Janvier, W. A., & Ghaoui, C. (2004b). An evaluation of the learner model in
WISDeM, international journal of Interactive Technology and Smart Education (ITSE)
(Troubador Publishing Ltd), Vol 1, No 1 Feb 2004; pp 55-66.

This paper discusses an evaluation study of WISDeM, an interactive Distance Leaming Tool. It
covers the evaluation rationale, details of usability evaluation, designing the evaluation, the
objectives and respondents, the study, the raison d'étre for the questions asked and basic
assumptions, what needed to be evaluated, the execution of the evaluation, its results and
conclusions. The evaluation results indicated that Communication Preference and Leaming
Styles matching between a computer interface and the student user is likely to enhance his/her
ability for memory rehearsal, leaming and knowledge recall more effectively than without it.
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CHAPTER 2

LITERARY REVIEW
DISTANCE LEARNING (E-LEARNING)
AND

INTELLIGENT TUTORING SYSTEMS
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2 Literary Review — Distance Learning (E-learning) & Intelligent

Tutoring Systems

This chapter reports on:

o Literary Review of some Distance Learning Tools (DLT) — e-/online learning

including a précis of the Blackboard™ and WebCT™ reviews.
o Intelligent Tutoring Systems (ITS) providing a brief overview of REEDEM and an

analysis/comparison of some representative systems.

o The summary highlights the gap that exists, which WISDeM starts to cover.

2.1 Introduction

The rationale of the literary review was to investigate a range of DLT and ITS. The
methodology adopted for each was similar with both having the same critena. The

research was instigated to establish some background about each tool (their Model and

Details) and to establish what functionality each (DLT and ITS) offered in order to

obtain information from which gaps in development and functionality were exposed.

Human-human interaction (HHI) in counseling and teaching improves communication
and learning (Larkin-Hein & Budny, 2000), the literary review also investigated what
elements of this has been included these tools and systems, in particular it looked for

the inclusion of Communication Preference (CP) and Learning Styles (LS). Chapter 3
covers CP, LS, HHI and HCI (see Fig.1 — Human-human interaction in DLT and ITS?).

Communication Preference

|

‘) established
®

at inception

!

Personality Types

Distance Intelligent

Tutoring
Systems

Learning
Tools

4

Figure 1 - Human-human interaction in DLT and ITS?
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a The commonality of the comparison looked at:
* The method of delivery of the tool: Internet/LAN/PC or Intranet/LAN or Pc
only.
*  Whether or not the tool offered an
e Intuitive Interactive Tutoring System (inTS)
e Communication Preference (CP) assessment at inception
e Learning Style (LS) assessment (with reference to personality types) at
Inception
that dynamically changes interface the student is using.
Q The questions posed only to DLT covered their content with regard to:
a) Content Module: Syllabus — Search Facilities — Course Notes and Materials —
Task setting — Library facility.
b) Communication Tools: Forum/Discussion Board — Email facility for users —
Chat — Whiteboard — Calendar — Announcement facility.

c) Assessment tools: Quizzes — Surveys — Self-test — Assessment tools.

Q To add depth, the two most popular DLT, Blackboard™ and WebCT™, are
reported on in a précis review: these reviews are symptomatic of the majority of
DLT and cover all of the facilities that are offered except for CSCW functionality.
In addition REDEEM is covered in depth due to its facility to match its interaction
with students’ learning styles as perceived by their tutors.

The review exposes the gaps not covered by either DLT or ITS: all systems do not

establish the student’s actual communication preference and learning styles (with

relation to their personality types) at inception.

2.2  Distance Learning e-online learning
Computer Assisted Learning has been developing since the 1950's (Cormish, 1999

English & Yazdani, 1999) with simple Linear Programs where the computer outputs
text, the learner makes a response based on current knowledge, or by trial and error, and
the computer responds with the correct answer (Yazdanir & Lawler, 1987). The current

vogue 1s to offer so-called ‘Virtual Universities’. The general accepted standard 1s that a

learner must be able to experience Self-Directed Learning, Asynchronous and

Synchronous communication.
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(Bouras & Philopulos, 2000) in their paper consider that ‘Distributed Virtual Learning
Environment’, using a combination of HTML, Java and the VRML (Virtual Reality
Modelling Language), makes acquiring knowledge easier by providing such facilities as
Virtual Chat Rooms for learner-learner-teacher interaction, Lectures using the virtual

environment, Announcement Boards, Slide Presentations and Links to WWW pages.

(Cooper, 2000) research shows that Post-secondary institutions want to offer on-line

courses to meet the educational needs of a fast-paced, computer literate society.
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