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Abstract

Throughout life, we continuously accumulate data, information and
knowledge. The ability to recall much of this accumulated knowledge
commonly deteriorates with time, though some forms part of what is
referred to as tacit knowledge. In the context of education, students access
and interact with a teacher’s knowledge in order to create their own, and
may have their own data, information and knowledge that could be added to
teacher’s knowledge for everyone’s benefit. The realization that students can
contribute to enhancing personal knowledge is an important cornerstone in
developing a mentor (teacher, tutor and facilitator) focused knowledge

system.

The research presented in this thesis discusses an integrated framework
that manages an individual’s personal data, information and knowledge and
enables it to be enhanced by others, in the context of a blended teaching and
learning environment. Existing related models, structures, systems and

current practices are discussed.
The core outcomes of this thesis include:

e the virtualMe framework that can be utilized when developing
Web based teaching and learning systems;
e the sniplet content model that can be used as the basis for sharing
information and knowledge;
e an annotation framework used to manage knowledge acquisition;
and
e a multimedia object (MMO) model that:
o allows for related media artefacts to be intuitively grouped
in a logical collection;
o 1includes a meta-data schema that encompasses other meta-

data structures, and manages context and referencing; and
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o 1includes a model allowing component parts to be re-

aggregated if they are separated.

The virtualMe framework provides the ability to retain context while
transferring the content from one person to another and from one place to
another. The framework retains the content’s original context and then
allows the receiver to customise the content and metadata so that the
content becomes that person’s knowledge. A mechanism has been created

for such contextual transfer of content (context retained by the metadata).
Keywords:

Knowledge acquisition, knowledge management, knowledge technologies,
computer supported cooperative work, sniplet, Media Vocabulary Markup

Language, MVML, multimedia object, MMO, virtualMe

v



Acknowledgements

Researching and writing a thesis i1s a significant undertaking and,
particularly when done as a part-time student. In order for the thesis to be
accomplished many people were involved in the process, and these include:
the supervisors, reviewers, colleagues, peers, peer students, students and

family and to all I owe a debt of gratitude.

As supervisor and friend, Professor Kinshuk, formerly of Massey University
and now of Athabasca University, Canada, has been instrumental in
keeping the research on track and with a significant amount of patience has

guided the progress leading towards the completion of thesis.

My thanks are extended to Dr. Katherine Sinitsa and Professor Klaus
Dieter-Schewe for monitoring progress during the thesis, and to Dr. Lynn

Hunt for assistance with the emendations.

Mention too must be made of the many reviewers who have read, reviewed
and offered suggestions and comments for the many publications produced
during the course of this research. Their comments and insights have all
contributed to the quality of the thesis and form an important component in

the validation of the research.

My work colleagues have persevered throughout the many years of this
research work, providing support through discussion, mentoring and being
critical friends. Special mention must go to Kim Hagen-Hall for keeping me
on track, providing a sounding board and to help brain-storm the ideas and
to help with managing the flow of the thesis, to John Jamieson, who assisted
with the technical implementation issues with regards to the multimedia
object (MMO), to Stephen Corich and Frina Albertyn who are also working
towards their PhDs, with Steve being instrumental in getting me underway
in the first instance, and to my other work colleagues who have all provided

inspiration at various times throughout the PhD.



Mention too must be made to the Eastern Institute of Technology (EIT)
Hawke’s Bay, and particularly to Ian Richie (Faculty Dean) and John
Nelson (inline manager), who have been instrumental in taking care of the

work load and financial issues.

Peers at other institutes also have provided support for the research, both at
conferences and through their interest in the research. Particular thanks
need to be made to members of the research and support working group of

the National Advisory Committee on Computing Qualifications (NACCQ).

Throughout the years of the research, a core group of PhD students have
met regularly at conferences, workshops and in weekly online meetings.
These students also formed the core group of the Massey University’s
Advanced Learning Technology Research Centre (ALTRC). My thanks to
these students (some of whom have gained their PhDs) who have all

provided support during this research:

As this research has been conducted in conjunction with my occupation as a
lecturer in information technology, it is important that thanks be extended
to the many students who have supported me in my research. The research
would not have been possible without their encouragement, comments,

insights and support.

Finally, and most importantly, I must acknowledge the support of my
family. To Catherine, Gerard and Diana for their unswerving
encouragement, understanding and perseverance over the many years I

have taken to complete the research.

vl



Ethical approval

Ethical approval was obtained from the Massey University Human Ethics
Committee and Eastern Institute of Technology, Hawke’s Bay Research
Committee for the survey used to validate parts of this research and
described in the thesis. Copies of the ethical approval correspondence are

included in Appendix D.

Vil



Table of contents

ADSEIACE .o e e e e e e e 111
Y WOTAS: ooriiiiiiiiiiee e e e e e ettt e e e e e e e e e tbabreeaeeeeeababaaeaaaeeeeansbtaaaaaaaeeaaannes v
ACKNOWIEdGEMENTS ....iiiiiiiiiii e e e e e e e e e v
Ethical approval........ueeeeieiiiiiiiiiiiiiiiiiiiit et a e antaa—a——————————————————————————- Vil
Table of CONTENTS. ..ccciitiiiiiiii e e viil
LSt OF 1 UIES ..eevvtieeee et e e e e et e e e e e e e eeeee b eeeeeeeeaeas XV
LSt OF £ADLES cooeieieieeee e e Xix
1 INtrOdUCTION ....eeeieiiiiiice e 1
1.1 Developing an overall framewWorkK...........cooovvvvveiiiiiiiiiiiiiieeeee e 2
1.2 Students and users as moderators and contributors .......c..cccceveeveenccniiniennen. 5
1.3 Scope and definItIoNS: . ....cooeiiirieeee et eeee e e e e ee e e e e e e eeeanns 8
1.4 Research qUESTION .........oooviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee s 9
1.5 Thesis problem statement development..........ccc.eevvvveiiiiiiiiieiiiiiiieiieieeieeeeeeeeeeeeenens 10
1.6 Research methodology .........ceiiiiiiiiiiiiiiic e 12
1.7 Problem statements and methodologies..........cccoecvvviiiiiieiiiiiciiiieece e, 14
1.8 CONCIUSION .ttt et ettt ettt e st e st e st e st eenbaeenebeesabaeenanes 15

2 MEtROAOLOZY ...coeevviiiieeeeeeeeeeceee e et e e e et e e e e e e e e e r s 16
2.1 INErOAUCEION «..eiiiiiiiiiiii e 16
2.2 Five stage methodology frameworK.........c.ccooeiieieeiinieiieeeeeeceieeeeee e 19
2.2.1 Investigating and refining the problem ...........ccccccueiiiiiiiieeriiie e 19

2.2.2 Reviewing the field of StUdy.........cooovviviiiiiiiiiiiiieee e 26
2.2.3 Theory building (developing a model or framework) ........ccccceeeeveieeeencreeeennnnen. 26
2.2.4 Theory testing (evaluating the model) ...........cccvvviiiiiiiiiiiiiiiiicc e, 26
2.2.4.1  Technology Acceptance Model............cccceeeiiiiiiiiiiiiiiie e 28

2.2.4.2  Evaluating the virtualMe framework ...........cccccceeeeiiiiiiiiiieee e, 29

2.2.5 Reflection and INte@Gration ..........ccccceeuviiiiieeiiiiiiiiieee et eeeeeiivrree e e e eeaeeans 32

2.3 CONCIUSION .ttt ettt ettt e ettt e st s bt e sib e sttt enbeeenmbeesabeeenanes 33

3 Literature FEVIEW ......eviiiiiiiiieiiiiite ettt ettt et e st eeeareeeees 34
3.1 INErOAUCEION «..eiiiiiiiiiiic e 34
3.2 Information and knowledge acquUiSItiON ..........eeeeeieeeeiiiiireeeeeeeeeeiinreeee e 35
3.2.1 The knowledge taXOmnOmLY ........ccevvviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeereeeeereseeeeereeeeerreeaaee—ee. 36

3.2.2  ACQUISIEION ...vetiiiiieeee e e ececieeee e eeeete e e e e e ee et e e e e e e eeeeeaaareeeeeeeeeeearereeeeeeeennnnnns 38

B.2.3  COMEEXE .ottt sttt et b e b s sane e 40

3.2.4 The value of shared contextualized knowledge acquisition...........ccccceeeeeeeeennnns 41

3.2.5  Knowledge NetWOrKS .....cccuviiiiiiii et et e e e e eaanaes 42

viii



3.2.6  Pedagogical considerations: teaching and learning using web based

BECHTNIOIOZIES ...eeiiieitie ettt st e b sanee 42
3.2.7 Seven principles of teaching delivery good practice ..........ccceeveerieervieeenieennnen. 45
3.3 Mechanisms for acquisition, management and dissemination of information
LN oL B0 o LoX A 1cTe Kol N U 48
B.3.1  ACUISIEION . ....ceieiiiieiee e e ettt e e e et e e e e e e e e et eeeeeeeeeeaneaeeeeeeeennnnes 48
3.3.2 Resource acquisition, management and sharing at source..........cccceeevevvvevenenens 49
3.3.2.1 Digital ASSEES .uuuuuuuiiiiiiccce e nennnnas 50
3.3.2.2 Bibliographic management........ccccccceeieiiiiiiiiiiiiie e 53
3.3.2.3  Metadata....cccooiiiiiiiiii e 54
3.3.2.4  Learning 0ODJECES ......cciiiiiiiiiiiiiiiee ettt e e e eaara e 63
3.3.2.5  Areview of relevant 1SSUES .....coccveeiiiiriiiiie e 66
3.3.3  ANNOTALIONS t.etieiiiieiiie ittt ettt st ettt e sab e et e ebaeesaree s 69
3.3.3.1  Adding information and Knowledge............ccceeuririiiiiiiiiiiiiiiieeeee e, 69
3.3.3.2  Electronic ANNOTAtIONS ....cccoueiriiiiiiienieiiiitentee et eniree ettt esareeeeeees 70
3.3.3.3  Need for annotations......cc.ccceeueerierienienienieei et 73
3.3.3.4  ANNOLATION TYPES wuvveiiiiiiieeiiiieeeee e eeeeecee e eeeeere e e e et e e e e 73
3.3.3.5  Context aware annotations.........ceceerierierieritirnieeneenee et esree e 74
3.3.3.6  Multimedia annotations ........cc.cccceeuieriiiiiiiiiniiieiiieeece e 75
3.3.4 Personal Content Management frameworks ............ccoovvvvvveeeeeeieiiiiiveeeeeeeeeeennns 76
3.3.4.1 A background to Personal Content Management Systems ...................... 78
3.3.5 Learning /Content Management SyStems..........cccceeeeeeiiiiiiieeeeeeiiiiiiieeeeeeeeeeinns 78
3.3.6  EXISTING SYSLEIMIS ..ivviiiiiiiiiiiiiiieee e e ettt e e e e e ettt e e e e e e e e eabttaeeeeeeeseeastarasaesesssnnennns 79
3.4 CONCIUSION enttieiiie ittt ettt ettt ettt ettt e st e bt e sabeeesbbeesabeeenbteenbbeesabeeenaneenas 80
4 Action research cycle one: static PrototyPes .....ccceeivvveeeeiviiieieiiiiieeeeeiieeeeeeraneen. 81
4.1 MeEthoOdOLOZY....ccc i e et e e e e e e e et r e e e e e e e eaeraaeaeaeeeaaanes 81
4.2 Initial development (1985-1995) ......ouvvviiiiiiiiiiiiiiiiiieiereiererererrrererererer————————————— 82
4.2.1  WINdows Help fI1ES ..uvviiiiiiiieiiieeee e 83
4.3 V/2-Encyclopedia Prototype I (1995 — 2000)......ccccceeeeeieeeiieiiieeeieeeeeeeeeeeeeeeeeeeeee, 84
4.3.1 Displaying content in HTIML ........coiiiiiiiiiiiiiiiicc e ee 86
4.3.2 Adding multimedia - animation, video and sound.............ccccceveeeevieeesiriee e, 89
4.3.3  AddIng INtEraCtiVItY ...oceeeeiiieeiiiireeeeeeeeeeceeee e eeeece e e e e ee e e e e e e eeetareaeaeeeeens 90
4.3.4  Online theory teSt .....uuiiiiii i e e e e arr e e e e e e 91
4.3.5  ISSUES cuttieiiieeee ettt et e st sttt e bt e e sbe e nanee 92
4.4 V/2-Encyclopedia Prototype II (2000 - 2002) .........ovvieieeeieiiiiiiiieeeeeeeeiiireeeee e 93
4.4.1 Printable documents: Textbooks and workbooks........c...cceeueeriiinniieneiinieennne. 97
4.5 Findings, observations and reflection............ccccccoeviiiiiiiiiiiieiiiiiieeeee e 98
4.5.1 Information and knowledge acquiSItion ..........cccceuvviieiiieeeiiiiiiiieee e 98
4.5.1.1  Content and CONTEXt ....c..crvuiriiriieniinierieeett ettt 98



4.5.1.2  Teaching and 1earning..........cccccoeeeuiiiiiiieeeiiiiiieee e ecrrree e e e e eevarrreee e 99

4.5.2 Mechanisms for acquisition, management and dissemination of information

ANA KNOWIEAZE ..eieiiiiiiiiiiiiiiee et e e e et e e e e e e e e ettbraa e e e e e esaeabasaaeaeeessnnsnnns 100
4521 Content aCqUISIEION.........coeeeiiiiiiiiiiiiii e 100
4.5.2.2  ANNOTALIONS c..eitiiiiiiiiiiiete ettt st 101
4.5.2.3  Learning/Content management SYStEIMS .............cooevvvurrreeeeeeeeiiiinveeeeeeeenns 101

4.5.3 Identified features and ISSUES.......ccocervieriirieniirieeeeeecec e 101

4.6 CONCIUSION .ttt ettt ettt sb e st sane e 104

5 Action research cycle two: V/2-Online dynamic prototype ......cccccceeevvvvvvvnnnnn. 105
5.1 J\Y (1 s Vo Te (o) Lo} = /20 PP P PP PP PPPTPPPPPPPPPPIRE 105
5.2 V/2-Online Prototype (2002 - 2005) ....vvveieeiiiiiiiiiieeeeeeeeeiiiireeeeeeeeeeiivrreeeeeeeeeeeeens 106
5.2.1 The database sOIULION ....c.ceevviiiriiiiiiieiec e 107

5.3 Findings, observations and reflection ...........cccccceviiiiiiieieie i, 110

5.3.1 Information and knowledge acquiSItiON........cccveeeieeeiiiiiiiieeeee e e e e e e e 111
5.3.1.1  Content and CONEEXT.......ceivueiiriiiiiiiiiiieniie ettt sree e 111
5.3.1.2  Teaching and learning........ccccccceevuiiiiiiiniiiiiiiiniiceee e 112

5.3.2 Mechanisms for acquisition, management and dissemination of information

ANA RNOWIEAZE c.cooeeiiieeieeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt ee e e e e e e e e e eeeeeeeeeseeseseeesesasesessseseresenees 117
5.3.2.1 Content ACQUISIEION ... ..uvviieeeeeeeeiiiireeeeeeeeeeirreeeeeeeeeeeeetrreeeeeeeeeeeerrrreeeaeeeens 117
5.3.2.2  ANNOLATIONS .eiiuiiiiiiiiieiierte ettt 128
5.3.2.3  Learning/Content management SYSteImS ............ccoevvvuvverreeeeeeeiiinreeeeeeeenn. 132

5.3.3 Identified features and 1SSUES.......ccoviiiiiiiiieiiiiie e 134

5.4 CONCIUSION .ttt ettt ettt st sttt e sbt e sabeeenbbeesabeeenbeeebreesabeeenes 135
6 Action research cycle three: The virtualMe framework ........ccccoeeeeiiiivvvnnnnnn. 137
6.1 JY 1C3 A o Yoo To) Loy SO UT PP RRRPP 138
6.2 Design of virtualMe framework...........cccoeveviiiiiiiiiiiiiee e 139

6.2.1  Overall framework.......cccooeiiiiriiiiiiii e 139

6.2.2  ANNOLALIONIS ...eetiiiiiiiieieete ettt ettt e et 145
6.2.2.1 Structuring the annotatioNS.......ccveevieiieiiiiiiieeee e 150

6.2.3 Resource acquisition, management and sharing at source.........cccccevvvvvverenenens 153
6.2.3.1 Sniplet MOl ......oooiiiiiieiieee e 153
6.2.3.2  Multimedia object (MMO) model and digital asset ........cc.ccceeeuvveeeennnnnnn. 155
6.2.3.3  MMO/MVML ArchiteCtUure ......cccovveeriiiienieeiiieiiiceniee e 166

6.2.4 Teaching and Learning .........ccccccoeeiiiiiiiieieiiiciiiiieee e e eeeirrree e e e e eeeeeiaraeeeeeeeeeaennns 168

6.2.5  CONCIUSION ...ttt ettt ettt sttt e st e ettt e st e snbeesabeeesabee s 169

7 Action research cycle three: The virtualMe implementation........................ 170

7.1.1 Implementing the virtualMe architecture..........cccccoovvvviieiieiiiiiiiieeeeeeeeeiinnee. 171
7.1.1.1 SNIPLEE LAY T o.eeiiii i e e 171
7.1.1.2  Taxonomy Layer .........ccccccoiiiiiiiiii 174



8

T.1.1.8  SYStEM LAYET ..uviiiiiiiiiiiiiiieee ettt e e e e e e e taaa e e e e e eeas 177

T.1.1.4  USET LAYET cuueiiiiiiiie ettt e tvar e e e e e e e e eetaaaaaeaeeeas 178

T7.1.2  ANNOLALION LAYET ..vviiiiiiiieiiiiiiiiee ettt e e e e e et e e e e e e e e eaartbeeeaeeeaans 181
7.1.3 Multimedia object (MMO) 1aYer.......ccvvriiiiiiiiiiiiiiieeee e 183
7.1.3.1  MMO/MVML FIle ..ottt 184
7.1.4 Teaching and Learning..........cccccevvveviiiiiiiiiieieierereeeeeeeeeeeeerereeerereeeserererrrer——.—.. 185

T. 1.5 CONCIUSION .nviiiiiiiiieieeiteeit ettt sttt ettt s e sbe e saeesaneeas 188
Action research cycle three: The virtualMe multimedia object .................... 189
8.1 Evolution of a multimedia 0DJECt .........ccoviiiiiiiiiiieeeeeceeeeeeeeeeeee e 191
8.2 Need and importance of CONLEXE......uvvviiiiiiiiiiiiiieie e 191
8.3 Problem of missing context or 10ss of context........cccoevvirviviiiieiiiiiiiiieeee e 192
8.4 Need for metadata........coceierieiiiiiiniic e e 193
8.5 Need for multiple representations .........ccccccvvveeererererererieerereierrrererr—————————— 193
8.6 Sharable digital assets and the need to retain contextual information............ 196
8.6.1 What contextual information 1s required? .........cccoeeevvvevrivinnnnieeennnns 196
8.6.2 Multiple representations are required for different contexts ........cccccvveeeeenn. 197
8.6.2.1 A model to manage a manifest of related files ...........ccccovvveeeriiieeeiinnnn... 199
8.6.3 Managing referencing information such as rights and copyright .................. 203
8.6.4 The need for standards and to adopt existing standards............ccceeeuvvveereeennn. 204
8.6.5 User interface design considerations...........cccoevvvvveeeeeeeeieiiireeeeeeeeeeeeirreeeeeeeen 204
8.6.6  Ability to re-aggregate if individual elements become separated .................. 208
8.6.7 Ability to handle legacy and future file types ......ccccccceeeeveciiiieeeeieeiiiieeeeee, 208
8.6.8 Recommendations for Naming IMAZES.........ccccevevrireeeeeeeiiiiiiiieeeeeeeeeiivrreeeeeeens 208
8.7 Examples of Multimedia ObJects .......ccceeiiiiiiiiiiiieieeiiiiieee et 209
8.8 Multimedia Objects (MMOs) and MVMLi.........cccoovviiiiiiiiiiieeeee e 212
8.8.1 The Multimedia object model..........cccccuvviiiiiiiiiiiiiiieee e 212
8.8.2 What metadata needs to be attached to a digital asset?............cccoeevuvvevereennn. 212
8.8.3 Existing metadata standards........ccccceeeeeiiiiiiiiiiiiiii e 214
8.8.4 MMO:MVML archite@CtUre......ccoeiriiriiiiieieiieeieenieeneeeetete et 215
8.8.5 MVML a markup language to describe a digital asset........ccccceeeeeeceieeieicnnnnnn. 216
8.8.5.1 Example of MVML for a Multimedia Object ............ccocevvvvvereeeeeeeecnnnnn... 216
8.8.5.2  Derived metadata......cccoociiriiiiiiiiiiiiiiici e 218
8.8.5.3  Annotated metadata ........ccoocueeriiiiiiiiii e 218
8.8.5.4  Inherited metadata .....ccccceevviiiriiiiiiieniec e 220
8.8.6 The XML Template Generator (XTG) for creating the MVML file................. 220
8.8.6.1 Folder generic template (FGT) .....cccoovviiiiiiiiiiiiiieeee e 221
8.8.6.2 MVML manifest media template ......cccceeeeuueruerrriiiiiiieenen 223

8.9 Developing software for the MIMO ..........ccoooiiiiiiiiiiiiiiieee e 227
8.9.1 Creating an MMO with an MVML file for an image .........cccccccoeeevvvvcnvveeneennn. 227



8.10 FUture direCtions .......ouueeiiiiiiiiieee et 228

8.11 CONCIUSION .ttt ettt et sb e sbt e sabeeenbbeesabeeenbeeenreesabeeenes 228
9 Action research cycle three: The virtualMe SUIVEY ........coeeivvvieeieiiiineeeiinnnn... 230
9.1 INErOAUCEION .eteiiiiiiiiiiee e s 230
9.2 The sUrvey INSETIUMENT .....ccvviiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeererereseeererrererrrrereeen. 232
9.2.1  Data COLLECEION ...eeiiuiiiiiiiiiiic et 233
9.2.2 Issues, limitations and resolUtIONS...........ceeeeeiiiiiiiiiiiieeeeeeeeeeeee e 234
9.2.3  Ethical ISSUES.....ccoiiiiiiiiiiiccic e 235
9.3 RESULES e 236
9.3.1  SAIMPLE SIZE .vvevvreiieee et e e e e e e e e e e e e e e eenaans 236
9.3.2 Demographic iINformation .........cccccuiiiiiieiiiiiiiiie e e e e e 238
0.3.3  ANALY SIS iiiiiiiiiiiiiee e e e e e e e e e e et bbb aeaaaeeeaattaaaaaaaeeaannanes 240
9.3.3.1  Information and knowledge acquiSition ..........cccceeevveiiririeeeeeeeiiiiiireeeeeenn, 240

9.3.3.2  Mechanisms for acquisition, management and dissemination of

information and KNOWIEd@E .........ccooviiiiiiiiiiiiiiieee e 246
9.3.4  Further COMMENTS ......ccuuiiiiiiiiiiiiiieeeetee e et e s 250
9.4 L070)'sTe] LR 13T ) o BT ROTUURTUTSRPPRN 250

10  Action research cycle three: The virtualMe observations and reflections .... 252

10.1 Information and knowledge acqUISItION ..........eeeeeeeiiiiiireeeeeeeeeeiiiieeeeeeeeeeeeinneen 252
10.1.1 Content and CONTEX......ccotiriiriiriiiiietee et 252
10.1.2 Teaching and learning .........cccceeveuuuuuunuuunnniiiiiininiirnreeeneennnnnennnnnnnnnnnnnnnnnnes 253

10.2 Mechanisms for acquisition, management and dissemination of information

ANA KNOWIEAZE. .. .uiiiiiiiiiiiiiiiiiee ettt e e e e e et re e e e e e e e s sttbabaeeeeeessssssssaseaeesassnens 259
10.2.1 Content aCqUISIEION .......ooeviiiiiiiiiiii e 259
10.2.2 Resource acquisition, management and sharing at source.............cceee..... 259
10.2.3 ANNOTATIONS ..eeiuiiieiiieiitientee ettt ettt et sbt e st e e st e sbeeenbaeesabaesabeeenes 261

10.2.3.1 Analysis of Annotation data.........ccceevveeeiieeiiiiiiiiieiee e 261
10.2.4 Learning/Content management SyStems.......ccccvveeeeeeeeiiiineeeeeeeeeeiciineeeeeeeenns 265

10.3 Observations from usage data and the development log ........cccoceeeeeieieennnnnn... 272

10.3.1 L= Y= F: L SRR 272
10.3.1.1 User profile analySiS.......cccovvuveiieeieiiiiiieieeeeeeeeeiieeeee e e eeeeeereee e e e eeeeaareeeas 274
10.3.1.2  User actiVity analySiS .....ccceeeeeeeeiiiiiiiiiiiiininnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnns 275

10.3.2 Analysis of the development 10g.........cccvviviiiiiiiiiiiiiiiee e, 277

10.3.3 CONCIUSION tniiieiiieiiiee ittt ettt sttt et e ettt e st e sbeeesbaeesanee s 278

11  Research findings and diSCUSSION .......ccceeeeeeeiiiiiiieiiiieeeeeeeeeeeeeeeeeeeeeee e, 281

11.1 TNEPOAUCEION «.eeeiiiiiiiiiiieee e s 281

11.2 Features for information and knowledge acquisition...........cccccuvveeeeeeeeicnnnnneenn. 282

11.3 Features of a mechanism for acquisition, management and dissemination of

information and KNOWIEAEE . ........uvviiiiiiiieiieeeiee e e e 284

xi1



11.3.1 COMEEIIE ettt ettt et e sab e ettt e st et esbneesabeeenes 285
11.3.2 Teaching and 1€arning.........ccccvveiiiiiiiiiiiiiieie e e e e ebraree s 287
11.3.3 Resource acquisition, management and sharing at source................cc....... 288
11.3.4 Acquisition of information and knowledge (Annotation) ...........ccccveeeenenn. 290
11.3.5 Learning / content management SyStem .......ccccceevveviiiiiiiiiiiiiiiiiiiiiiieennnennn 292
11.3.5.1 Collection of data about individual USersS .......cccecceereireiriiirieenienieneenn 292
11.3.56.2 Collection and display of statistical data...........cccceevvvvvereeeeiieniiiireeeneeenn. 294
11.8.5.3  USEr INEETTACE ..oouviiiiiiiiiiiiicce ettt 295
11.3.5.4  PersonaliSation ........cccociieiiiiiiiiiiiiinieeieeceee e 297
11.3.5.5  ACCESSIDIIIEY wuvvviiiiiiiiiiiiiieeee e ee e e e e et eeeens 298
11.3.5.6 Maintenance OPtIONS ........coovvviiiiiiiiiiii e 299
11.3.6 Miscellaneous features.......ccovueiiiiiiiieinieiiee e 299
11.4 Issues, limitations and reSOIULIONS ......covviiiiiiiiiiiee e 301
11.5 Techniques to support the research..........cccccvvvvvvvviriviriiiiiieii———— 303
11.5.1 Prototype implementation and USAZEe .........ccoovvevviiiieeieieiiiiiieeee e 303
11.5.2 UL VEY .ttt eeeec e e e e e e e e e e e et a e e e e e e e e e e aaareeeeeeeeaeareaaaeeeaans 303
11.5.3 Publications and presSentations .......cccccccccceeieiieeiiiiiiiiieiieeeeeennnnns 304
11.6 CONCIUSION 1.ttt eae e b 304
12 Reflection, potential applications and future directions.............ccccvvvvvvvnnnes 306
12.1 INErOdUCEION ...t 306
12.2 ReflECTION .. e 306
12.2.1 Impact of findings on teaching and learning practice...........cccceeeeeunnnnnnenn. 306
12.2.2 Advantages of conducting the study in this way ........cccccvveeeeieiiiiiiiieeeeeen, 307
12.2.3 Challenges while conducting the study.........ccccvveeieiiiiiiiiiiieieeeiieeee e, 309
12.2.4 What things would be done the same?..........cccccoooveiiiiiiiiiiiiiiiieee e, 310
12.2.5 What things would be done differently?............cccooeeviiiiiiiiiiiiiiiiiiiieeeeeens 312
12.2.6 What things would not be continued? ...........c...ccooevvnviieeeeiiieiiiieeeee e 313
12.2.7 Potential use cases that could benefit from the research ........c.cccocueenenee. 313
12.2.7.1 Education and content management ...................cccccceeiiiii 314
12.2.7.2 Contact and personnel management ............cc..cooeeeevvvvveeeeeeeeeeiiinreeeeeeeenns 315
12.2.7.3 Bibliographic and research management.................................. 317
12.2.7.4 Managing personal Information ..........cccceeevveieeeeeieiiiiinieeeeeeeeeecciireeeeeeeennn 317
12.2.7.5 Digital media organizer and slide show automation .............ccccvvveeeennn. 318
12.2.7.6  CD/DVD identification SyStem ........cccccceeeiiiiiiiiiiiiiiiiiiieee e eeeirreeee e 319
12.2.7.7  GENEALOZY ..vvvvviiiieeeeeiiiiiiieee e e e e eecttte e e e e e ettt e e e e e e e eeattaaaeeeaeeessssesssrasaeeaaans 320
12.2.7.8 Landscaping asset management ........cccocccuuviieeeeeeiiiiiiiiieeeeeeeeeiiireeeeeeeen 320
12.2.7.9 Equipment hire web Site............cccccciiii 320
12.2.8 Further iInvestigation ............eeiiiiieiiiiiiiie et 321
12.2.8.1 Possible extensions to the existing prototype..........cccccceeinnl. 321



12.2.8.2 Possible features for consideration in existing LMSs. ......cccccccevvvnrnnneenn. 323

12.2.8.3 Possible features for consideration in Web systems..........cccccceeeeevnnnnennn. 325

12.3 L0703 o Ted 1R T3 o) o WSS 327

B S T 070} 4 1o 10 1] 10) s BTSSP TR 329
13.1 virtuallMe framewWoOrK........ccociiiiiiiiiiiiieeieeee e 329
13.2 Annotation framewWorK ........cccooiiiiiiiiiiiiiei e 333
13.3 Resource acquisition, management and sharing at source: MMO ................... 336
13.4 Teaching and Learning ..........cccceevvvviiiiiiiiiiiiiiiieeieeeeeeeeeeeeeeeeeeeeeererereeeeeseeeeerereeeeen. 340
13.5 Other areas for future research..........ccocvvviiiiiiiiniic e 342
13.6 Difference between this research and the development of an application?..... 343
13.7 L0703 o Ted 1R T3 o) o WSS 343
RETEIEIICES. .. uviiiiiiie et e e e e e e e e e e e e e e et aaeaaeeeeennnes 346
A Glossary of terms and defInitions .........oouvvuieiiiiiiiiiiiiee e 369
B Media Vocabulary Markup Language (MVML) Template Script ................. 373
C The virtualMe Framework guided tour............cooovviiiiiiciieeiiiiiiiiiccee e, 391
D  The virtualMe survey and ethical approvals..........ccccoovvvviieeeieeiiiiiiiiiiienneeennn. 401
E The virtualMe SUrVey — reSULtS...ccccceiiiiiiiiiiiiiiii e 416
F Publication list with abstracts .......cccoovviiiiiiiiiiiiiii e, 433
| s e 1= QPP UPPPOPPP 459

X1V



List of figures

Figure 1-1: virtualMe Context DIagram ..........ccooouiiiiiiiiiiiiiiiiiieeee e e e e esiare e e e e e e e eaenaveeas 8
Figure 1-2: Research technologies used in virtuallMe ...........cccceeeeiiiiiiiiiiiieee e 12

Figure 2-1: Research framework used in virtualMe framework (based on Bourner, 2002) . 17

Figure 2-2: Research technologies used in virtuallMe ...........cccceeeeiiiiiciiiiiieee e 18
Figure 2-3: Waterfall development methodology (based on Sommerville (2007, p.67))........ 22
Figure 2-4: Prototyping software methodology.........cccceeiiiiiiiiiiiiiiiiiiiiieee e 24
Figure 2-5: Technology Acceptance Model.........ccovvviiiiiiiiiiiiiiiiiee e 28
Figure 3-1: Knowledge taXONOMLY ... ..uuuuuuiiiieici e anannennnnnnnnnnnnnnns 36
Figure 3-2: Knowledge creation MOAES ........cccceiieiunniiiiiiiieiieeiceecceeeeee e eeennnnnnnnnnnnnnns 39
Figure 3-3: ACM Portal showing a external metadata ........c.cccocueeveeneiniinicnncineineenecneee 53
Figure 3-4: Learning object interdependence. ..........c.cceceiiriiiiiiiiiiieniiieniieiec e 64
Figure 3-5: Soliciting user comments: NZ Herald (Dearnaley, 2008, April 4), and Adobe
(2007) F1ash CS LIVEIDOECS ...uuuuueieeeeeeec e aannsssnsnsnnnnnnnnnnn 71
Figure 3-6: Newsfactor (2007, November) showing a likert scale used to rate the article... 72
Figure 4-1: Navigation structures: Graphical “hot-spot” v's button...........ccceeeevvviveieiieinnnnns 83
Figure 4-2: Single Frame/Dual Frame LinKing...........ccccooeoiiiiiiiiiiiiiiiiiiceee e 86
Figure 4-3 : Guide / Multimedia elements ..........cccveeeiieiiiiiiiiiiieee et e e e 89
Figure 4-4: Interactive Web based Active X Controls ......ccccvvveieeieiiiiiiiiiieeeeeeeeeeceeeeee e 90
Figure 4-5 : On-line theory teSt ......cooiiiiiiiiiei e e e e e eeeeanes 91
Figure 4-6: Static web site showing printable and overhead forms..........c.ccccecevvveevireeeennnen. 95
Figure 4-7: Lecture fOrMAL. ........oooiiiiiiiiiieeee et ee e e e e e eee et eeeeaeeeeeeennnns 96
Figure 4-8: Detail of the lecture contents frame.............oooevvvvveiieieiieiiiiiieeee e 97
Figure 4-9: Text book sample (left) and workbook sample (right)..........cccccceevviiiriiiieiiiinnnnn. 98
Figure 5-1: V/2-Online Architecture and initial database schema............c.ccceevviveriieeennnnnn, 109
Figure 5-2: Online Sniplet prototype showing backbone taxonomy, notes page (with
annotations) and oVerhead VEISION. ....coiciiiiiieeii e nasseaasssenesnnnnnns 119
Figure 5-3: Extract of a taxonomy for a literature review ...........cceeevvvveeeeeeeeiiciiineeeee e 121

Figure 5-4: A sniplet is added/edited in the top form and displayed either as an overhead

(bottom left) or in page view (bottom right). .....cccvvvviiiiiiiiiiiiiiiiie e 123
Figure 5-5: Metadata for a bibliographic reference..........cccccceeeeieiieeiiiveeieeeeeeeeiiiieeeeeeeeeeeinns 125
Figure 5-6: V/2-Online A question annotation...........ccceeeeecieeeeiiiieeeeeciieeeeeireeeeeeiveeeseieeeeeens 127
Figure 5-7: Comparison of annotations in two domains .........ccccveeeeeevieeeeecveeeeecieeeeeeieeeenns 131
Figure 5-8: V/2-Online Analysis of SNIPLEtS ...ccocvvvvieiiiiiieiiiieeeee e 133
Figure 5-9: V/2-Online Analysis of sniplets DY USer......ccccovvvviiiiiiiiiiiiiieeeeee e 134
Figure 5-10: V/2-online framework, (final iteration)..........ccccccceeeieiiciiiiiieei e 136
Figure 6-1: virtualMe Context DIagram ..........ccccuvviiiiiiiiiiiiiiiiiee et eeeeeiivee e e e 138

Figure 6-2: virtualMe: Data, information and knowledge acquisition management and
distribution framMEWOTK. ...ccccciiiiiieiiiie ettt e ettt e e et eeettr e e e sataeeesnraeeeenes 140

XV



Figure 6-3: virtuallMe FrameworK ........ccccccoeieiiiiiiieiie it ee et e e e eeivaae e e e e e eeavvrree s 141

Figure 6-4: virtualMe Framework: Logical model .............ccccoooviiiiiiiiiiiiiiiieeee e, 143
Figure 6-5: virtuallMe archit@Cture ...........ccooecuviiiiiiiii et 144
Figure 6-6: virtualMe annotation framework architecture............cccccceeeeviiiiiiiieeeeeeeciineen. 148
Figure 6-7: Annotation framework grid.........ccccceeiiiiiiiiiiiiiiie e 150
Figure 6-8: A Waterfall........c.ccoooiiiiiiiiie et 155
Figure 6-9: jpg file Meta-data......cococovvveieiiiiieiieeeee e 157
Figure 6-10: Two images of "a glass of Water"..........coovvviiiiieiiiiececeeee e 158
Figure 6-11: MVML file manifest.......ccceieiciiiiiiiiiiiccciiee ettt et e e e evae e e e 162
Figure 6-12: MMO/MVML architeCture.........ccoccviiiieiiiieeeiiiieceieee et e e evaee e e 167

Figure 7-1: virtualMe screenshots showing multiple sniplet views, the taxonomy and
ANTIOEATIONS 1.uvteeeiiiiieeeiiieeeeeitee e ettt e e ettt e e ettt eeesaabteeesaabteeesasbaeesenbaeesassseesesnsseeesansseeessnsseeeennsees 170

Figure 7-2: Sample of a sniplet prototype showing attachments including an image, a sound

and an annotation, and how a sniplet is created and edited..........cccceeeeuueneniiiiiiiiiiieinnnn, 172
Figure 7-3: Sniplets can be aggregated for printing. .........cccccceeeveiiiieieee e, 173
Figure 7-4: virtualMe — individual’s hOmepage .........ccccovvveieiiiiiiiiieeeeee e 175
Figure 7-5: Example of partial backbone taxonomy of domain of Internet.......................... 176
Figure 7-6: The taxonomy of the sniplet model and sub-list for “Internet structure and use”
IN AdMINISEIATOTS VIEW ..eoiiiiiiiiiiiiiiiiieiiieeee ettt sttt e sree s e san e seneeenneesanee s 176
Figure 7-7: USer Profile.....cccuiiiiiiiiii ettt ettt e e et e e e tbe e e e entbee e e sneaaeeeenereas 179
Figure 7-8: V/2-Online and virtualMe privacy statement..........cccccveeeeeeeeeiiiiineeeeeeeeeeennennn. 180
Figure 7-9: virtualMe annotation VIEWET ...........eeeeieeiiiiiiiiiieeeeeeeiiiiirrreeeeeeeseesarreeeeeesssessssseesss 181
Figure 7-10: Multimedia Object (MMO) of storyboard components ...........ccccceeeeeeeeeinnnnnennn. 184
Figure 7-11: Image of Scottish Terrier (Bella), with attached MVML file. ............cccuuu... 185
Figure 7-12: Sample Sniplet with instructions and related video. .........cccccvvvvveeeeeeiinnnnneenn. 187
Figure 8-1: Two photos taken during a visit to Russian Finnish border...............cccccuuuee.. 192
Figure 8-2: jpg file metadata ........cccvviiiiiiiiiiciee e e 193
Figure 8-3: Gif file showing animation and compoSItion.........cceeeeecveieeeriieeeerrieeeeieee e 194
Figure 8-4: Frame images from a video, at left the first frame showing a kereru bird in a
bush setting, and right the kereru is clearly discernable...........ccccceeviriciiiiiiiiiinniiiiiieeeeeen. 195
Figure 8-5: MVML file Manifest........cccviiiiiiiiiiiiiiic ettt e et e e e e e eaaee e e 199
Figure 8-6: Multimedia Object (MMO) MoOdel..........coooeirrreiieeeeeeiciiieeeeee e 199

Figure 8-7: Original input form for creating an MVML file showing links to the template201
Figure 8-8: V/2-Online (version 2) showing image with caption plus EndNote and APA

FEEOTEIICE. ..ottt ettt st e eb e sttt e bt e sttt et et e bt e s b et e nbb e e sabeeenabeesabeean 202
Figure 8-9: MMO electronic repository, human and computer interfaces ............ccccuvvveeee. 206
Figure 8-10: YouTube Object definition.........ccuvviiiiiiiiiiiiiiiiiee e et 207
Figure 8-11: Multimedia Object (MMO) of & PErSON ......uvvviiiiiiieiiiiiiieieee e 210
Figure 8-12: Multimedia Object (MMO) of software product...........ccccccoeeevvinvreeeeeeeeiciinnnen.. 211
Figure 8-13: MIMO AXCRItECTUTE .......uvvveieiiiiieeiiieieeee e e e 215

XV1



Figure 8-14: MVML file for MMO driving in Finland............ccccccooiiiiiiiiiiiiiiiiiiiieeeee e 217

Figure 8-15: Two Images of “a glass of Water”........ccccciiieieiiiiiiiii e 219
Figure 8-16 : MVML template for image .........ccccvvviiiiiiiiiiiiiiiiieee et 222
Figure 8-17: Image template for MVML manifest ...........cccccveeeiiiiiiiiiiiiiiece e 223
Figure 8-18: Sample of a data entry form for metadata values.........ccccccoeeuveiieecieeeeccieeeennn, 225
Figure 8-19 : MVML coding for inherited data.............ccoeeivvveiiiiiiiiiiiieeeee e 225
Figure 8-20 : Process for creating a Multimedia Object (IMMO)........ccceevveeeeeiiiirireneeeeeeenns 227
Figure 9-1: Survey: expertise of reSPOndents.......ccvviiiiiieiiiiiireeeee e e eeeeecaeeeeeeeeeeaanns 238
Figure 9-2: Survey: age range of respondents .............cooovvvvvreiieeeieeiiiiieeeee e ee s 239
Figure 10-1: OHT, page and print SnIplet VIEWS .....ccceeviireriiiriiieeiieeeieeeeieesiee e e e 254
Figure 10-2: Sniplets displayed in print view for top 44 USers........cccovveernueenieenneeenneenneenn 255
Figure 10-3: Sniplets displayed in print view for top 44 USers........cccovveervieenieenneeenneenneenn 257
Figure 10-4: Comparison of annotations as part of an Assessment (mandatory) and entered
VOIUNLATILY (OPLIONAL) ...uuiiiiiiiiii it e et e e e e e e e eba e e e e e e seattbraaeeeeeeeeenssssraeeeas 262
Figure 10-5: Course displayed in Moodle.........ccuuiviiiiiiiiiiiiiiiiieee et 266
Figure 10-6: M00dle DOOK FESOUTCE ... .uuuuuuueiiniiiiieeie e eanenannenenennnnnnns 267
Figure 10-7: Content displayed in MediaWiki............cccooviiiuiriiieeiieeeiiiieeeee e e 268
Figure 10-8: virtualMV website statistics (2006-2007) .......cceeeeeeriiiiiieiiiiiiiiieiieeeeeeeeeeeeneennnnns 273
Figure 10-9: Usage data collected as a user logged into the prototype.......cccceeeeeeeiiiiiinnnnn. 275
Figure 10-10: 2007 Usage statistics showing logins vs. time .........cccccvveveeeiiriiiiiiieeeeeeeenenns 276
Figure 12-1: Revised research methodology used in virtualMe framework (based on
Bourner, 2002) ......ooooiiiiiiiiii 309
Figure 12-2: Displaying an MMO in a Content Management System...........cccccvveeeeeeeennnnnns 315
Figure 12-3: Business Card Reader based on MMO/MVML.........cccoooiiiiiiiiiiiiiiiiieeeeee e, 316
Figure 12-4: MMO as an image gallery on a wWeb Page ....ccccveeeeeeieiiiiiiieeeeeeeeeciiiieee e 319
Figure 12-5: Tracking sniplet use (last accessed date and the number of times) ............... 323
Figure 12-6: Tracking sniplet use (last accessed date and the number of times) ............... 326
Figure 13-1: virtualMe framework architecture............ooovvvvveiiiiiiiiiiiieeeee e 331
Figure 13-2: virtualMe annotation framework architecture ...........cccoceeeeveveieeecieeeeecieeeens 334
Figure 13-3: Multimedia Object (MMO) MOdEl .........coooeeiiuiiriieeeeeeeecieeeee e 337
Figure 13-4: MMO AXChIt@CEULE .....cocvvvvreiiie e eeeeeeee e e e eeeareee e e e e e eeeaanns 338
Figure B-1: Form showing replaced values substituted with derived values...................... 375
Figure B-2: Sample of a data entry form for meta-data values............cccccceevvnniienieeiinnnnnn, 376
Figure B-3: Generic MVML template........ccccooeiiiiiiiiiiiiicciieeee ettt 384
Figure B-4: MVML media template (mvmlMedia.xml).........cccccoeiviiiiiiiiiiiiiiiiiiiieeeee e 389
Figure C-1: vIVe COMIMUINIEY ...vvviiiiiiiiiiiiiiieeeeecciiiieeeeeeeeeeiitareeeeeeeeeeeebaseeeeeseesasssasesasessnsenens 392
Figure C-2: Joining a VIMie COMIMUINILY ....ccciiiiiiiiiiiireeeeeieiiiiireeeeeeeeeeiitreeeeeeeeseiavreeeeeeessnennns 392
Figure C-3: VIVIE IMAIN PAZE...uuviriiieeeeiiiiiiiieeeeeeeiitireeeeeeeeeittttreeeeeeesasesrasssesessssssssesseesessasssnes 393
Figure C-4: MMO/MVML diSPLAY PAZE .evvveeeeieeeeiieeeee oottt eeeeeceeee e e e eeeeeareeeeeeeeeannes 394



Figure C-5: ANNOtAtION VIEWET ....cccuviiiiiiiiiecciiiiiiee e e e ecciirrte e e e e e eeiivrr e e e e e e e seitaaeeeeeeeseanessaeeeas 395

Figure C-6: Sniplet in page VIeW MO ........ccuviiiiiiiiiiiiiiiiiee et e e e eeiraree e e e e e eetvarree s 396
Figure C-7: Sniplet in OHT VIeW MOE.......ccccuviiiiiiiiiiiiiiiieiee ettt e 396
Figure C-8: Sniplet “List all” feature .........ccoocuiiiiiiiiiiiieee e 397
Figure C-9: Search Reference button.........ccccceeciiiiiiiiiiiicciiie et 398
Figure C-10: MMO Search Results ........ccocciiiiiiiiiiieiiie ettt 399
Figure C-11: My Profile PAGe......ccoooiivriieie et 400
Figure D-1: Entry screen to virtuallMe SUTVEY ........coovecuiiiiiiieeiiiiiiiieeee e e eeiiereeeeeeesnneneeeees 401

XVIiil



List of tables

Table 1-1: Problem statements with associated methodologies ..........ccccceeeieiiiciiiiiiiiieiiininn, 14
Table 4-1: Important features identified from cycle one of action research ....................... 102
Table 4-2: Issues identified from cycle one of action research...........cccccvvvveeeiiiiiiiiiieeeeeenn. 103
Table 5-1: Core sniplet attributes........ccoooiiiiiiiiiiiii 108
Table 5-2: Annotation analysis codes with examples.........cccevviiiiiiiiiiiiciiiieeee e 130
Table 5-3: Annotations added in V/2-Online.......ccocccevveiinieiiiiiiniieiiieniececeiee e 131
Table 5-4: Important features identified from cycle two of action research........................ 135
Table 6-1: ANNotation SCHEMA ......cociiiiiiiiiiei et 151
Table 6-2: A comparison of MMO Critical features and existing digital asset meta data
SEANAATAS ettt et s 165
Table 8-1: MVML Derived metadata........ccoceerviiiniiiiiiiiiiiiiiiiiiiceiicceccec e 213
Table 8-2: MVML annotated metadata ........cooveeriiiiiiiniiiiiiinieeieeenec e 213
Table 9-1: Cronbach's Alpha for perceived usefulness...........ccccccoeviiiii 237
Table 9-2: Cronbach's Alpha for ease of USe.........oovvviiiiiiiiiiiii 237
Table 9-3: Overall framework: Perceived Usefulness (Blank and don’t know excluded).... 241
Table 9-4: Overall framework: Ease of Use ........covveiiiiiiiiiiiiiiiiieicecceceecec e 243
Table 9-5: Teaching and Learning responses (Blank and don’t know excluded) ................ 244
Table 9-6: Teaching and Learning ease of USe rESPONSES .....cc.vveeeeeeeeeeiiivreeeeeeeeeeeiiirreeeeeeens 245
Table 9-7: Survey questions related to the MMO (Blank and don’t know excluded).......... 246
Table 9-8: Survey questions related to ease of use of MMO ............cooevviiiviiiieeeeeiiiiireeeeeeenn. 247
Table 9-9: Annotation framework (Blank and don’t know excluded)..........ccceeeveurveeennnnnnnn. 248
Table 9-10: Annotation framework ease of USe.......cccoceiviireiniiiiiiiiiiiniccceeeeen 249
Table 10-1: How users viewed SnIPlets .......ocoooiviiiiiiiiiiiiii 254

Table 10-2: Data showing the 10 most popular sniplets by number of users and number of
PAZE VIBWS .uutiiiieeeeeeiiitiitreeeeeeeaiietrsseeeaessaassssssssaesesassssssssaseessssasssssssssessssssssssssseesssssasssssssseeeeanns 256

Table 10-3: Data for multimedia object, showing the number of times each MMO was used
.................................................................................................................................................. 260

Table 10-4: Data for optional and mandatory annotations for V/2-Online and virtualMe. 262

Table 10-5: virtualMe features compared to Moodle and MediaWiKi.........ccccceeeeuvveeennnnnnn. 269
Table 10-6: Semester based page views of the virtualMe ..........ccc.oooovevviiniieiieieeiiiiiieeeeeee, 274
Table 11-1: Content features: schema deSIZN .......cccuvvvviieiiiiiiiiiieieee e 286
Table 11-2: Teaching and learning: social networking features..........cccccecevevveeercrreeennnnennn. 288
Table 11-3: Features for resource acquisition, management and sharing at source .......... 288
Table 11-4: User interface features, displaying content ..........ccccceeeeeeeeeiiveeeeeeeeeeiiiireeeeeeeenn. 289
Table 11-5: ANNOtation fEATUTES ...c.vviiiieiiiie ettt e et e e e et eeeseaeeeeas 291
Table 11-6: Content features, user data colleCtion .........ooiiivviiiiiiiiiiiiieeee e 293
Table 11-7: Content features, statistical data .......ccoooeviiiiiiiiiiiiiiiiiee e 294



Table 11-8: User INterface featUreS.......oouvuuiiiiiiiiiiiiieeee e eeeeaaas 295

Table 11-9: User interface features, personaliSation ......ccooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenennnnnnns 297
Table 11-10: User interface features, accessibility ..........cccoiiiiiiiiiiiiiiiiiiieie e 298
Table 11-11: Maintenance features.......cccvvuiiieiiiiiinieeiee ettt 299
Table 11-12: Miscellaneous features........coccovievieniiriiiiiiiiieecccceeeee e 300
Table 13-1: Problem statements with overall framework .......cc..ccocevvirviiniinienienicnicenens 329
Table 13-2: Problem statements with annotation framework .........cccccoceevieniiniinicnicnneen. 333
Table 13-3: Problem statements With reSOUYCeSs .........cccociiriiiiiiiiiiiiiiiiiecee e 336
Table 13-4: Problem statements with teaching and learning ..........ccccccoeeeeeeeiiiiiiiiceieeeieeennnn. 340
Table B-1: List of valid XTG replace codes with their derived values............cccovveeeecvveeennns 374
Table F-1: Publications and their relationship to the research ........cccooooveviiiiiiiiiiiiiiiiiiiennn. 434

XX



