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This studyexplored whether students benefited from an immersive panoramic display while
studying subject matter that issually complex and informatierich. Specifically, middle

school students learneabout ancient Egyptian art and societyngsan educational learning
game Gates of Horuswhich isbased on a simplifiethree dimensionatomputer model of an
Egyptian templeFirst, we demonstrated that the game is an effective learning tool by comparing
written posttest results from studentsho played the game and students in atreatment

control group. Next, we compared the learning results of two groups of studentssedtbe

same mechanical controls to navigate through the computer model of the temple and to interact
with its featuresOne of the groups saw the temple on a standardputer desktopnonitor

while the othetsaw itin avisually immersive display (a partial dom@&he major difference in

the test results between the two groups appeared thbeatudents gave a verbal shanwd-tell
presentatioraboutthe Temple and the facts and concepts related to it. During that exercise, the
students had no cognitive scaffolding other than the Virtual Egyptian Temple which was
projected on a wall. The student navigateugh the templeral described its major features.
Students who had used the visually immersive display volunteered notably more than those who
had used a computer monitor. The other major tests were questionnaires, which by their nature
provide a great deal of scaffoldirigr the task of recalling the required information. For these
tests we believe that this scaffolding aided
differences produced by any difference in the display. We conclude that the immersive display
provides bettesupportsfor the stident's learning activitie®r this material. To our knowledge,

this is the first formal study to show concrete evidence that visual immersion can improve

learning for a notscience topic.



TABLE OF CONTENTS

PREFACE ... ittt eeet ettt e e e e e e s e aes et e e e e e e e e s beeeeeeeesmmne e e nsbeeeeeeeeannnnreeeen XVI
1.0 AN L @ 1 10 L O I 0 ]\ S 1
2.0 BACKGROUND ..oeiiii e eeemr ettt rmees e e e et e e e e e e e e e ammmean s 3
2.1 WHAT IS VIRTUAL REAL ITY? ottt reeee st 4
2.1.1 Our Working Definition of VR .........cccooeiiiiiiiiiieee e 4

2.1.1.1 A Three-dimensional SPACE: .........cccccuviririiiiiiiieeeiiiieere e S

2.1.1.2 Autonomy: The virtual environment (VE) persists..........cccccceee.... 5

2.1.1.3 Interaction The user interacts with thevirtual environment ........... 5

2.1.1.4 (Thematic) Presence The interface informs the senses................ 6

2.1.1.5 (Sensory) Presence This is the feelind being there....................... 6

212 The VR Research Commun..t.y.a.s..Def.i7ni ti on
213 Educat or sbé6 Des.c.r.i.pt.i.o.ns...of....VR....B8

2.1.4 Augmented Reality...........oooiiiiiiiiiiii e 9

2.2 VRIS EXPRESSIVE.......o e eeeme e 11
2.2.1 Dimensions of INfOrmMation............ccooiiiiiieeeii e e 12
2.2.2 DIimensions Of EXPreSSION.........ccooiiiiiiiiiiiiiiicme et e ernnnnnaens 13
2.2.3 One DImensional FOrMatS:.........cooeeiiiiiiiiiiiicieee e e e 14
2.2.4 TwO DIMensiond FOIMALS:.......uuuuuiiiiiieeeeeeeeeceeeiceee e eeeeennne e e e 14
2.2.5 Three Dimensional FOrmMatsS...........ccoovvviiiiiiiiiiimre e 15
2.2.6 Four Dimensional FOrMALS...........uuiiiiiiiiieeeeeceeecie e 16
2.2.6.1 Five Dimensional FOrmats...............uuuuuiiiiiiiceeiiiiciieee e 16

2.3 VR TECHNOLOGY ..t emmr e e e e e 17
2.3.1 Informative 3D MOEIS ........coovvriiiiiiii e eeenr s 17
2.3.2 Advancing Graphics Technology..........ccuuuviiiiiiiiiiiiie e 19



2.4

2.5

2.6

2.3.3  Flight SIMUIALOTS .....coiiiiee e e 21

2.3.4 Head-Mounted DiSplays.............ccoeiiiiiiiiiiiiieee e 22
2.3.5 Flat-Screen ProjectiorBased Immersive Displays.............ccccvvvrieierienn. 23
2.3.6 Digital DOME DISPIAYS......ccccuiiiiiiiiiiiiie e 25
2.3.7 Direct Retinal IMagErS.........uuuuuiiiiiiiiiie e ceeeciss e e eeees e e e e e 26
2.3.8  INEraCtionN DEVICES......uuiiiiiiiiiiiiiiiie et mene e 26
2.3.9 ONliNe COMMUNITIES. .....euuiiiiiiiiiiare e e e e e e enens e e e e e e e e e e e eeeas 29
2.3.10 Augmented Reality...........oooiiiiiiiiiieee e 31

ADAPTIVE HYPERMEDIA ...ttt 32
2.4.1 USEI MOGEIING......coiiiiiieeieeii e errra e e e e e e e e e eaaaes 33
2.4.2 Methods Of AdAPLALION.........oiiiiiiiiiieie e 34
2.4.3 SOME APPIICALIONS.......uiiiiiiiiiiiiiiiiie ettt e e e e e 36
2.4.4 Augmenting Virtual Space with Adaptive Behavias .............cccceeeeeeene. 37
2.4.5 Augmenting Physical Space with Adaptive Behaviors.......................... 38
2.4.6 Learning GaIMES.......coooiiiiiiiiiiiittiirees bbbt e e e e eeess e e e e et e e e e e aeaeeeas 38

LEARNING THEORY AND VR ..ot e 41
2.5.1  CONSIIUCHIVISIN ....uiiiiiiiiiiiiiiiiietie e e seeeeee et e e e e ae e e e e e e e e e e s smmme e e e e e e e e e e e e s s s annnnneed 42
2.5.2 Direct Interaction with Information ...........ccccceeeiiiiiiiiiccc e 45
2.5.3 Presence and ENQAgEMENL. ........uuuiiiiiiiiiiiiiieeeiiiieieee e a7
2.5.4 Information Delivery in VR ... eee e 48
255 Mayer 6 s MDésign Pmreiglés..............oooovviiiiicceni e 49
2.5.6 Mayer's (Cognitive) Theory of Multimedia Learning..............cc..ccceeeee. 51
2.5.7 Distributed Cognition and Internal Representaion ..............ccccooevviiie 53
2.5.8 Conceptual ChaNge.........ccuviiiiiiiiiiii e 55
2.5.9 Learner DiffereNCeS........ccooiiii i eeee e 57
2.5.10 Measurement and EValuation.............cooeeeeiiiiiiiiicce e eeeeeiiiveeeens 59
2511 Wi nn06s Sy.ni.he.s.i. .S 60

EMPIRICAL STUDIES OF LEARNING WITH IMMERS IVEVR............ 62
P22 00 R [ 0T [ Tod 1 o] o SRR 62
2.6.2 AQVANTAGES......uui ittt rene e aaan 64
2.6.3 ProbIEmMS. .. ... e 65

Vi



3.0

2.7

3.1
3.2
3.3

2.6.4 Summary of Previous EXPerimentS.......ccccceeeeeeeeiiieievieeee e eeeeeeeeeeeeinenns 66

265 Morenods .Res.ear.Chao. . 68
2.6.6 Research at the University of Washintn...........ccooooooiiiiiieenn e 69
2.6.6.1 The Effect of Student Construction Of Virtual Environments....... 70
2.6.6.2 Learning Science in an Immersive Virtual Environment. .............70
2.6.6.3 Constructivism in Practice: The Case for MeaningMaking ......... 71
2.6.6.4 Collaboration and Learning Within Tele-Immersive..................... 71
2.6.6.5 Water on Tap: The Use of Virtual Reality as an Educational.....71
2.6.6.6 Design And Construction Of A Virtual Environment. ................... 72
2.6.7 The Science Space EXPEerimeNtS..........uuuuuiiiiiiieiceeeiiiiiieeee e e e e e eeaee e 73
2.6.7.1 Using VR's Frames of Reference in Mastering.............ccccueveeee... 73
2.6.7.2 Multisensory Immersion as a Modeling Environment.................. 74
2.6.7.3 A Model for Understanding How Virtual Reality .......................... 74
2.6.8 The NICE PrOjJECtS.......cccvviiiiiiiiiiii s enenisnn e e eeennenn A D
2.6.9 The Virtual Gorilla EXNIDIt ........ooiriiiiii e 75
VIRTUAL HERITAGE .. e eeeme e 76
2.7.1 HiStory Of VH ..o eeee e 76
2.7.2 ACVANTAQES.....ouuieiiiiii i eeeei ettt rene e e e e e e ———— 78
2.7.3 ProbBIEmMS...... e 80
2.7.4 Building @ VH ENVIFONMENT ......uuviiiiiiiiiiiiiiiiees e 81
2.7.5 Lifelike Pedagogical AQENtS...........covvviiiiuiiiiiimeeeeeeieeiiee e ememasnanns 85
2.7.6 Current Activity in Virtual Heritage .........oooovvviviiiiiiiiceeevcee e 89
e o o 1Y AN N P 92
INTRODUCTION oo erree e e e e e e eann s a3
RATIONALE ..ot eee ettt emmee st e e e e e s e e e s emnas 96
GATES OF HORUS ... .ooiiiiii ittt e a e e e 98
G0 Tt R 111 (= - o = 99
3.3.2 TrainiNg PRASE........cooiiiiiiiiiiiieee ettt e e e e e e e as 104
G TG TG B € 7= 10 T= 20 o To | Lo RSP SSPPPP 106
3.3.3.1 DefiNItIONS. ..o 107
GG TR F7 A Ao 1o ] 1P PURSR 108

vii



3.3.4 Statements and QUESLIONS........ccceeevivriiiiiieiiieeee e e e eeeneeeeeens 109

3.3u4. 1 PYION . 110

3.3.4.2 COUMYAId ..oveieiieiiiiiiiiiie e 112

3.3.4.3 Hypostyle Hall. ... 114

3.3.4.4 SANCIUAIY .....uiiiiiiiiieiie e eeeee et e e e bt e e e e e e e eees 116

3.4 HYPOTHESES .....cooi oottt eee ettt smmee s e e 119
3.5 TEST POPULATION AND PILOT STUDY ..o 121
3.6 TESTING SEQUENCE........cc e 122
3.7 DATA GATHERING ...ttt 125
3.7.1 Online Evaluation FOMS. ...t e 125
3.7.2 Multiple EVAIUALOIS ......coviiiiiiiieieeeee e 128
3.7.3 ACCESStOthe FOIMS.....ccci ittt 130
3.7.4 Data ManagemMeNt.........ciiiiiiiiiiiiie et iemmeine et rneee e e e ee 131

3.8 THREATS TO VALIDITY oottt smme et 133
3.8.1 Immersive VR is Engaging Because It IS NeW...........cccoeeveiiiiiiiiicenennn. 133
3.8.2 MOLION SICKNESS.....uuuuiiiiiiiiee e eeeeie et eene e e e e e e e e e eeeenannee 133
3.8.3 Application & Interaction DeSIgN ..........ccceeeeeeiiiiiiiiiiieee e 134
3.8.4 Limited Quantity of Content ..............oooiriiiiiiice e 134
3.8.5 Fixed Learning TiMe ..........uuuuiiiiiiiiiiiiie ettt e e e e e e 135
3.8.6  FAlIQUE ..ottt a e e e e e 135
POST TEST RESULTS (ACCEPTANCE AND EFFECTIVENESS)............... 136

4.1 ACCEPTANCE ..ottt ettt e e eens e e e e e reeaeeeaans 137
4.2 QUESTIONS IN THE POST TEST ..ccvi e 139
4.3 GRADING THE OPEN-ENDED QUESTIONS........cooeiiieee e 142
4.4 INTERRATER RELIABILI TY ANALYSIS ...ooviiiiiiiiiee e 144
4.5 HYPOTHESIS TESTS. ..ottt eenree e e 148
4.6 COMPARE WITH RPM RES ULTS ..., 152
VIDEO TEST RESULTS (IMMERSION HELPS) ...ccoooiiiiiiiiieeeee e 154

5.1 DESCRIPTION ...tiiiiie ittt ceee ettt e e smmme s e e e e e e e nnnnrnee s 155
5.2 GRADING ..ottt ettt e e e smme et e e e e e e e annr e s 158
5.3 INTERRATER RELIABILI TY ANALYSIS ... 163

viii



6.0

7.0

5.4
5.5
5.6
5.7

6.1
6.2
6.3
6.4
6.5
6.6

7.1

7.2

5.3.1 Our Data is Ordinal and Not Normally Distributed ...............cccceeeeen. 166

5.3.2 Calculating Interrater Reliability .............ccccoiiiiiiiiie e, 167
5.3.3 Grader AQreemMENL......cooii ittt e e e eeenae bbb 168
RESULTS, FACTUAL KNO WLEDGE .......ccoooiiiii e, 172
RESULTS, CONCEPTUAL KNOWLEDGE .........ccccvviiiiieiiiiiiieeniiieee e 179
RPM INTERACTS WITH | MMERSION .....ccooiiiiiiiiiee et 188
DISCUSSION. ...ttt ceesssa e e eeeeeaaeesemenreeereeeaaaaaaeeaaeeessssanns 196
OTHER MEASURES ...ttt rmres e e e 197
P RE T E ST .. itiiiiie ettt ettt eeeme e e e st e e e e e e anne e as 198
GAME LOGS ...ttt ettt enmn e e e e e e e e e nnnbeeanan 200
PRESENCE AND COMFORT TEST ...uuiiiiieee e 204
DRAWN MAP .ottt ernme e e e e e e e e e ann 208
MAGNET MAP ettt e e e et nnns e e e e e e s nsareeeeeeeanen 215
FOLLOW =UP TEST ..o oottt ettt nnnsss e e e e e 221
6.6.1  DESCHIPLION ...ttt ettt rmmme e 221
6.6.2  GrAGING . .uvverieiiiiiiiiie e ee e e 226
B.6.3 RESUIIS ....ciiiii it ree e 228
6.6.4 Other QUESHIONS.......cciiiiiiiiei ettt e e e e et e e e e e esb e 234
SUMMARY AND CONCLUSI ONé....ociiiiiiii et eeeme e 236
BACKGROUND ...ciicii ettt e e et e e e e e e anans 238
7.1.1 Whatis Virtual Reality? ........cccceiiiiiiiiiiiiiiiieeeiccce e 238
7.1.2 VRIS EXPIrESSIVE.....ccciiiiieeeeiiiii e emnea e e e e e e e e e e 240
7.1.3 VR Can Accommodate the Learner............cccceevvvvieiviieeeeeeeeeeeeeeeeeiiinnnns 240
7.1.4 Sensory Presence IS Not ENOUgQN..........ccoooiiiiiiiiiic 242
7.1.5 Immersion Must Support the Learning ACtiVity .............ccovvvviiiviirnieene.. 243
7.1.6  Virtual HErtage ........ovvvuuiiiiiie e eeeeeeeeeee e 244
7.1.7 Learning GaIMES.......ccoiiiiiiiiiiiiiiitirees bbbttt e e e e eeesses e e e e e eaaaaaaaeeas 244
EXPERIMENT e errme e e e e e e e ea e 246
7.2.1 RAUONAIE..... .ottt 246
7.2.2 GateS Of HOMUS.....coi it 247
7.2.3 HYPOINESES. ...t e ettt e e e e e e e e e e e e s e 249



.24 PrOOCOL. .. oot aeeee e 250

7.3 RESULT S ... ittt s enme e e e et e e e e e e s e e annneeee s 251
7.3.1  ACCEPLANCE. ... cci i i ittt re ettt 251

7.32  EffECHUVENESS... oottt e e e e e e e e e 252

7.3.3  IMIMEISION.c.iiiiiiii e eeee e re et e e e e e e e e e e eeans 253

7.3.4 Other MEASUIES.....cciiiiiiiiiiiee et 254

7.3.5 Visual Reasoning SKill..........ccccuuuiiiiiiiiii e 254

7.4 DISCUSSION. .ot e e e et e e e era e e eees 256
APPENDIX A; ONLINE QUESTIONNA IRES.......ccoitiiiiie et ines 259
o R I S SRR 260
PRESENCE AND COMFORT TEST ...ttt e e emene e 263
DRAWN MAP GRADING FO RM ...ttt e et emeee e 264
MAGNET MAP GRADING F ORM ..ottt aneee e e 268
VIDEOTEST GRADING FO RM ...oiiiiiiiiiiiiiiiie e csieees e emmme e 272

O 1) I N =0 U 287
POST TEST GRADING FORM ....oiiiiii e ceeee et e e e e e 292
FOLLOW =UP TEST ..eitiiiiieii ittt iemenit et e e sttt e e e e smmne st ae e e e e e nnssnaeessnnmnae s 297
FOLLOW -UP TEST GRADING FORM .....coiiiiiiiiiiiiii e icieeeiiiee e emnn s 303
APPENDIX B; TESTING PACKET ..ot e e e e e eenme e e e e aan e ee 307
APPENDIX C; EGYPT BOOKLET ...coiiiiiiii e e e e e e s mmma e e e e e eaans 321
APPENDIX D; OTHER MATERIALS ..ottt eensne e 345
PERMISSION FORM ...ttt ettt e e et e e e e e e ennnssennnees 346
EGYPT FOLLOW -UP LETTER ...t eeemr e 351
GIFT CERTIFICATE LET TER oot 352
GIVING VIDEO LETTER ..iiiii ittt ettt eemss e e e e e snsnneae e e 353
RECRUITING FLIER ...oiiiiiiiiiiiiiiee e eceee ettt e e rmmne st e e e e e s e e s e 354
HINT CARDS ..o et e et e e e e e et e e e et e e eenmeeaa e e e eann s 355
BIBLIOG R AP HY e et e e ere e e e e e e et m—————raa e aaann 357



LIST OF TABLES

Table 1. Previous Experiments with Immersive VR............iiiiineee 67
Table2. Virtual HEritage PrOJECES........cuuiiiiiiiiiiei e 89
Table 3: Affective Questions and Raw ReSUIS.........ccoooiiiiiiiieeer e, 137
Table 4. Affective QUESTIONS ... ..coii i ceeeer e e e e emmee 138
Table 5. Questions from the POSt TESt......ccoceiiiiiiii e e 140
Table 6: Grader's form for scoring opended qUESLIONS............cccuvvviiiiiimmeniiiieiiirieeeeeee 143
Table 7. ShorAnswer Questions Interrater Reliabilty for the Post Test.................ooocee 145
Table 8. Comparison of Learning from the Post Test Short Answer Questions............ 149
Table 9. Hypothesis Results from the POSt TeSt.........ccooviiiiiiiieeei e 151
Table 10. Post Test H1 Comparison Crossed with RPM ResultS.............coeeeevieeeeceennn. 153
Table 11. Video Grading FOrmM QUESTHIONS. .......uuuiiiiiiiiiiiiieeeeeiieieeee et 159
Table 12. Sample Data for ONe FaACL........ccoooeeeiiiiieieeee e eeeeeeeeeeee e e e 164
Table 13.Interrater Reliability Analysisf the Video Data..............cccccuvviviimeenniiiiiiiieee. 169
Table 14. Sample Data Converted To NUMbBerS..........ccoooiiiiiieeee e 172
Table 15. Sample Portion of Hypothesis Test TablesS...........cccovvvvvieeee e 174
Table 16: Factual Recall, Theater Group versus All Others............cccccvvieeeinieiiiiinnnee. 176
Table 17. Conceptual Understanding, Theater Group versus All Qthers...................... 182

Xi



Table 18.

Table 19.

Table 20:

Table 21:

Table 22:

Table 23.

Table 24:

Table 25:

Table 26:

Table 27:

Table 28:

Table 29:

Table 30:

Table 31:

Table 32:

Table 33:

Table 34:

Table 35.

Connections Between Factual Recall and Conceptual Understanding.......... 184
Results from RPM Test, Question sets C & D......ccoooviiiiiiiiiiiecriiie e, 189
RPM Scores Crossed With Factual Learning Differences................ccoocee.. 191
RPM Scores Crossed With Conceptual Learming...............cevvveeeeivreeeeeeeeenees. 194
PretesSt RESULLS. ... ...uiiiiiiee e ree e nnne e e e eeees 199
Results from the Game LOGS..........uuuuiiiiii i ereen e 201
Results from the Presence and Comfort. TEeSt..........uvvviviiiiiceciiiiiiiiicieeeeeeeen 206
Drawn Map Grading FOrm QUESHIQNS............uuuuriiiiieiieeeiiiirieiiieeeeeeee e e e e e eeeees 210
Results for Student Drawn MapS.........ueeeieeeiiiiiieeeiieeeeeee e 213
Magnet Map Grading FOrm QUESHIONS.........ccuuiiiiiiiiiiieeeeee e 217
Results of thidagnet Map TeSt.........oooiiiiiiiiiieeee e 219
FOIOWUP TeSt QUESTIONS ...ttt ieeeeiiii ettt e e e e e e e e e e e as 222
FollowUp Grading FOMML.......coooiiiiiiiiiiiee e 226
Interrater Reliability for Shednswer Question on the FolleWwp Test............... 229
FollowUp Test Grader Reports Hypothesis Test.........ooooviiiiiiiiccce e 232
Multiple Choice Questions Hypothesis TeSL.............uuuiiiiiimemiiiiiiiiiieieieeeeeeeean 233
Results of Affective Measures in the FOHOpI TeSt.........oooovviiiiiiiiiiiiieee s 235
Summary of RPM EffECL........uuiiiiiiiiiiiiii e 255

Xii


file:///C:\All\Dissertation\Document\Dissertation4.docx%23_Toc196526546

LIST OF FIGURES

Figure 1. The Virtual Egyptian Temple in the Earth Theater............cccccvvieeeiiiiiiiineninnnn. 1
Figure 2. Schematic of the Great Pyramyd (Kufu, 2004)..........ccoooeiiiiiimnciniiees 17
Figure 3. An Ancient Roman Kitchen (Capasso 2004)..........cooooiuemrimmmrasniiiivieeeeeeeee 18
Figure 4. Advent's Children (RopeOfSilicon 2004)..........cooeiiiiiiiiiicmme e e 20
Figure 5. UT2007 (EpICGamMeES 20Q7)......cceetiiiiiiiiiiiiimme e ee e e e 20
Figure 6. Exterior (left) and interigright) of a flight simulator (Simlabs 2006).................. 21

Figure 7. Two HMDs (left) from Cybermind (2006) and (right) from Virtual Realities (2028)

Figure 8. User in the SASube, exploring a virtual nightclub (ALTERNE 2005)............... 23
Figure 9. The Virtual Theater (JaCObSON 2005C).........uuviiiiiiiiiiieeeiieiiiiiee e 24
Figure 10. Dome display at Digital Life (2006) courtesy of the Elumenati (2008)............ 25
Figure 11. 1S900 MiniTrax Wand Tracker (Intersense 2006)...............uuvueerrimemiuvrrvrieneeneen. 27
Figure 12. CyberGlove (Metamotion 2006)............uueriiiiiiiiiieeeiieeiieeeee e 28
Figure 13. An avatar in Second Life conversing with the USer.............cccocvvieeeeeiiiicnnnnen. 29
Figure 14 Player avatars in World of Warcraft, a popular MMORRPRG............ccccuvvvivieeennes 30
Figure 15. Mayer's Learning MOGEL...........uuuiiiiiiiiiiiieeiiiieieee et 52
Figure 16. The Cyclorama at Gettysburg, USA.........coooi e 77
Figure 17. Example of shape vs. texture to produce detail @apiau 2003)...................... 82

Xiii


file:///C:\All\Dissertation\Document\Dissertation4.docx%23_Toc196530164
file:///C:\All\Dissertation\Document\Dissertation4.docx%23_Toc196530165

Figure 18.
Figure 19.
Figure 20.

Figure 21.

Figur

Figure 23.
Figure 24.

Figure 25.

Figure 26.

Figure 27.
Figure 28.
Figure 29:
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.

Figure 40.

The Sanctuary of the Virtual Egyptian Temple displaying in the Earth Theat&3

Temple of Hosuand the high priest..........ie 98
THE GYIOMOUSE......ceiiiiiiiiiee e e e e e e et eeeea e s e e e e e e e e e e e e e e eeeeeeennnneeees 100
Hawk statue and object selection CUrSQr................uuuvivcciiieeeeiiiiiiiieeee e 101
e 22. fAMovingo through the Vi.r.t.u.alb2
Overhead Diagram of the Earth Theater Main SCreen...........ccccceevvcceeeevnnnnns 103
Side View Diagram of the Earth Theater................ccccoiimmniiiiiiiee 103
TrAINING ATttt rer bbbt eeees et r e e e ettt e e e e e e e e s amamreeeeeeeas 105
THE PYIONL .. 110
THE COUIYAIT.......uiiiiiiiiiiiii e 112
HYPOSEYIE HALL......eiiiiiiiieie e 114
TRE SANCIUALY......eeeeieieiii i e 116
Gates of Horus Trigger Volumes in the Temple.........cccoiiiiccd 118
Sample page from thding POSt TESL.........cccciiiiiiiiiiiiieeee e 126
Sample page from the online Grading Form for the Post Test..................... 127
Sample Index of Online GradiAQIMS..........coovieiiiiiiiiiiii e 130
The Grading MatriX......c..uuuuiiiiiiiiie e e eeee e e e e e e e e e e e e e e e e e e s 131
Key AffeCtiVe RESULLS.........ooooiiiiieee e 138
VIdEO TESE SEIUD....ceiiiiiiiieee e e e e e e e e e eeeneees 155
Student (shown in silhouette) giving a tour of the temple...........cccccovvivees 156
Sampledge From the Video Grading FOIM..........cccuvviiiiiiiiimmnieeee e 158
Conceptual Grading FOM..........ooiiiiiiieeee e 180
Sample Question from the RPM TeSt.........oovvvviiiiiire e s 189

Xiv

Egypt


file:///C:\All\Dissertation\Document\Dissertation4.docx%23_Toc196530187
file:///C:\All\Dissertation\Document\Dissertation4.docx%23_Toc196530188

Figure 41. Presence and COmMOI TESL.......uuuuiuiiiiii i 205
Figure 42. Sample Drawn Temple Map (left) and a sample Drawn Room Map (right)..209
Figure 43. Blank Map of the TemMPIE........ooviiiiiiii e 215
Figure 44. MagnetiC CULOULS.........uuiiiiiiiiiiie ettt immme e eneenas 216

Figure 45Did paying the game, Gates of Horus make you any more interested in learning about. Egyg®4

Figure 46. Virtual Egyptian Temple and the High Priest.........ccccooiiices 236
Figure 47. Map of the Virtual Egyptian Temple...........cccoiiiiiiiimemiieeeeee e 247
Figure 48. e Temple in the Earth Theater............ccooiiiiimn e 248
Figure 49. Key AffeCtiVe RESUILS........cooiiiiiiiiii e 251
Figure 50. Post Test Sequence and ReSUItS..........cccciiiiiimmmnii e 252
Figure 51. Video Test Sequence and ReSUIS. ... 253

XV



PREFACE

| dedicate this dissertation to the late Dr. William Winn of the Department of Education at the
University of WashingtonDuring his time on my RD committee, Dr. Winn's guidance was
central to my experimental design and background rese@rahse scholar and a gentle man,

his work in the area of Virtual Reality for children's education was an inspiration smdhto

manyothers

| express furthethanks and deep appreciation to these individiialalphabetical order)

e Dr. Michael Lewis, my advisor, who worked especially closely with me over the years,
showing great wisdom and patience

e Kerry Handron, my canvestigatorfor the actual learning experiments. She participated
in every level of the implementation, recruited all of the test subjects and managed
resources at the Earth Theater in the Carnegie Museum of Natural Hi®itysburgh
where we conducted the exjmeents.

e Dean Lowry Burgesswhoworked especially closely with me over the years on matters
of content and dramaturgklis insights on how to engage human nature were crucial to
the design and success of this study.

e Lynn Holden Egyptologist andco-Author of the Gates of Horudearning game. My
thanks to him for providing the educational content for my learning experimerfbiand
valuable insights.

e Dr. Anne Faye, in the Office of Technology in Education at Carnegie Mellon University
for her important eaylhelp with navigating the educational research questions.

o Dr. Roy D. Harris for being a friendhentor and advisor through the whole process.

e Dr. Mack C. Shelley for crucially important help in selecting the appropriate statistical

methods | used to anale the results.

XVi



Gordon Orris and Jane Vadnal for their excellent (and merciless) editing. To Jane, again
for other help in production of materials for the experiments.

To Kathy Bruckner, Adrienne Baker, Benjamin Getkin, Jane Vadnal and Lynn Holden
for their excellent work in evaluating the students' performance in the posttests.

To Mary Smith for helping us recruit so many test subjects, and for her early advice on

how to structure the poesteatment quizzes.

Richard Graefe,Gordon Orris and Jane Vadnafor their excellent (and merciless)
editing. To Jane, again for other help in production of materials for the experiments.

To Kathy Bruckner, Adrienne Baker, Benjamin Getkin, Jane Vadnal and Lynn Holden
for their excellent work in evaluating the studéeptsformance in the pogtsts.

To Mary Smith for helping us recruit so many test subjects and for her early advice on

how to structure thposttests

The following institutions also deserve appreciation and acknowledgement.

The School of Information ¢ences at the University of Pittsburgh fproviding a
supportiveandresourceful environment for me to do this work.

The Carnegie Museum of Natural Histarf/ Pittsburghfor supporting this research by
making the Earth Theater and its resources avaifabltbe study.

PublicVR for creating and distributing the opsource software (CaveUT, VRGL and
Gates of Horus) we relied upon to conduct the study.

EpicGames for their general support for academic research using the game Unreal

Tournament 2004 and iteféware core, the Unreal Engine.

Last, but far from least, | thank my very pati@osband Chrispher Graefefor putting up with

me during the whole crazed process.

The best way to read this document is to start witfiSummary and Conclugono (section7.0

p236).

Xvii



1.0 INTRODUCTION

This studyexplored whether students benefit from an immersive panoramic display while
studying subject matter wdh is vsually complex and informatierich. Specifically, middle
school students learneabout ancient Egyptian art and society using an educational learning
game Gates of Horuqsection3.3, p247), which isbased on a simplified virtual model of an
Egyptian templeFirst, we demonstrated that the game is an effective learning tool by comparing
written posttest results from students who played the game from and student itreatmoent
control group.

Figure 1. TheVirtual EgyptianTemplein the Earth Theater

Next, we compared the learning results of two groups of studentusddihe same
controls to navigate through the temple and interact witfeétires One group saw the temple
on a standardesktop computenonitorwhile the other saw it in gisually immersive displaya
partial dome) The difference appeared when each student gave a verbalasiddall
presentation of théemple and the caepts and facts related to it. Duriighe st udent

presentationshe had no cognitive scaffolding other than the virtual temple, on a small wall



projection, which the student navigated during the presentation. The other major tests were
guestionnaires, wbh by their nature provide a great deal of scaffolding for the task of recalling
the required information. For these tests we
the point where it overwhelmed the differences produced by any differetieedisplay.

We conclude that the immersive display provides bedtgportsfor the stdent's
learning activitiesfor this material. To our knowledge, this is the first formal study to show

concrete evidence that visual immersion can improve leafarregnonscience topic.

The best introduction to this study is to first read iSummary and Conclusgono
(section7.0p236).



2.0 BACKGROUND

In this chapter, we will introduce the existing theory and practice upon which we based our
study. It begins with an exploration of the concepts and practices which comprise Virtual Reality
and our own working definition of the term. Next, we survey exisdRgtechnology. Then we
discuss how applications can be made responsive to individual users and their changing needs in
the Adaptive Hypermedia section. Games are special case of adaptive media. After that, we will
go into some detail to explain the impart educational theories which inform the productive use

of virtual reality and learning applications. This provides the context for the next section, in
which we address directly the advantages and disadvantages of using Immersive Virtual Reality
for eduation. There, we survey and discuss previous studies and the implications of their
findings. Finally, we will survey the field called Virtual Heritage, the applications and practice of
using VR to recreate historical artifacts as they are or as they gkt been. Our learning

game, Gates of Horus, is an adaptive application which employs a pedagogical agent. The temple
served as the centerpiece of our learning experiments with Immersive VR. This major section

will give us the context we need to situatel amplement our study.



2.1 WHAT IS VIRTUAL REAL ITY?

Virtual Reality has existed in various forms for some time, but the term did not gain wide use
until it was popularized by William Gibson (1984). There is still no final agreement on its
precise meaning, ipart because VR is being developed and employed by several distinct
research communities, each with different goals, methods, theories and vocabularies. As VR
technology continues to advance and its cost continues to decliore, communities are
developng VR-based applications. This study will focus of two of these groups, educators and
the traditional VRresearch community. This section will describe, (1) the features of VR, which
are generally agreed upon, (2) wh® means to the traditional \\Reseach community, and (3)
whatVR means to the educational research community. Later sections of this survey will refer to
VR as the educators do and will reference the taxonomy and the core principles of VR described
here. The termimmersive VRwill be used nambiguously to refer to VR applications which

produce sensory immersion.

2.1.1 Our Working Definition of VR

This sectiondiscusseshe key aspects of virtual reality which are shared among most users and
researchers, despite crafisciplinary differences in teninology and approach.

A AVirtual Environment o (VE) is an artifi
created and maintained by appropriate computer applications. The user interacts with the VE and
may also interact with objects, agents or repredgems of other users found in the VEor
example, a flight simulator presents an illusory landsaaps which the user appears to fly
over. The act of navigating the imaginary aircraft through the VE is a way of interacting.with it
The VE may have othevirtual aircraft within it, piloted by other users or by software agents
Another examplef a Virtual Environments the online shared VR applications which support

virtual environmerd accessible via the Internet. Each user is represented by an avatar,



representatiofusually humanoid)with which they interact with the VE and with the other users
there(SecondLife, 2004; There, 2004; Dede, 2004).

The term, Virtual Reality, (VR) generally refers to using a computer to interact with a
virtual environme t . The Encycl opedia Britannica (2004
modeling and simulation to enable a person to interact with an artificiatdimessional visual
or other sensory environment. o0 More Zslpegsci f i c
often cited definition, whichmaintainst hat a VR application must hea
interaction and presenceo (Zeltzer, 1992) . Ho
continues to evolve and differentiate, as disparate i@dseammunities find new ways to use it.

We present our own working definitidar VR, whichwe state asriteria:

2.1.1.1A Three-dimensional Space The user perceives an illusory thee me nsi on al A S|
known as theVirtual Environment(VE). The VE is anillusion is composed of information
rendered into a form the user can perceiysually, the representation is visual, although many

VR applications use sound, touch, proprioception, and other senses

2.1.1.2Autonomy: The virtual environment (VE) persists and changéh or without a user
present. Part of thilusion of temporal coherence is caused by the way in w¥iithal objects
and actors respond to the user; tdeyelopin a manner consistent with their purpose and with

the overall theme of the environmeRtr example, the NICE project (Roussos 1999) is based on

a shared children' s #fvithetcarrat$ corgirauotgr@avrwbetherlareyr e , f
chidrenareo pr esenm®t . Each time a child Avisitso t
slhewi | | AseedO the carrots in some state resu

Apl anted, 6 the (virtwual) growing conditions a

the garden.

2.1.1.3Interaction The user interacts with the virtual environmenaimeaningful way (Zeltzer
1992). In many VR applications, the central interaction is the ability of the user to navigate
though the VE, thus appearing to travel in the virtual spadegher degree of interaction gives

the user some means of influencihg elements in the VE, whether it is simply moving objects

or interacting with an intelligent computgre ner at ed agent or wi.th anc

5



Central to interaction is the relationship between objects in the VE and the user's viewpoint. In a
first person viewthe user is embodiad the viewpoint, as it moves though the environmbna
third-person viewthe user is represented or embodied by an avatar, usually a humanoid figure
The user navigates by moving the avatar while the viewp@ioks it some algorithm (Sheridan
1992) I n a -in-mioiatdredview, everything in the VE appears within the user's view, and
the user manipulates the VE, usually by rotating it, while the viewpoint (apparently) remains
stationary Many variations on tlee themes exist, as well as entirely different navigation

schema.

2.1.1.4 (Thematic) PresenceThe interface informs the senses so that theiiiser eds & sbhe

is in a particular location within the virtual environment (Zeltzer 1992). Perspective correction

aad ot her aspects of a egoceniegnhichdsit el aapedédbi hect
the virtual environment (Psotka 1998he display must produce at least a very wide view for

the usersuch as those provided bydigital partialdome theate(e.g. a Planetarium) ortdead

Mounted DisplayHMD). Seesection2.3, pl7, for examples.

2.1.1.5(Sensory) Presenc&his is thefeeling ofbeing theran the virtual world (VE), the sems

that the VE is your environment, rather than the real worlgerhaps in addition to.itWhen

Zeltzer (1992) first published his three requirements, he emphasized the sense of presence that
comes from sensory immersion. Sensory immersion depends oicgilyysreating the illusion

of a virtual space with a combination of sensory effects, most commonly based on imagery. The
use of sound is also common, and there are established technologies for adding physical motion
cues, haptic feedback and even olfagtmput (Stanney, 2002). Presence is typically measured
with introspective questions for the user (Witmer, 1998b; Lessiter, 2001; Slater, 1999; Pausch,
1997; Darken, 1999b).

In the following discussion, we will call applications satisfying all five cidte
Immersive Virtual Reality(Immersive VR) and those which satisfy only the first four criteria,
Desktop Virtual Reality(Desktop VR). We retairVirtual Reality (VR) as a general term
referring to both.



212 The VR Research Communityoés Definition of

Memkbers of the mainstream VR research community usually aslhekfeo s el vy t o Zel t z e
definition of VR iflaut onomy, i nteraction, and (sensory
implicitly add that any respectable VR display must be capable of stereograpgicg.

Most researchers in this community are concerned with VR technology and its
applications. Most are computer scientists and many of the rest are electrical engineers,
interaction designers or experts in ergonomics. There are also a few resdavanelisciplines
representing current or intended user communities for VR applications. It is very common for
members of this community to combine expertise from several of theseRiesgsrchers in this
groupreceive much of their funding directly ardirectly from the American militarytheir most
common use of VR remains training and simulation for pilots, navigators and soldiers. Other
funding comes from medical applications, education, geology, entertainment, archeology,
geographic information systins and humanomputer interaction. In Europe, there is significant
funding for applications in cultural heritage and historical preservagextion2.7, p76).

The coreof the traditional VR research communitys primarily concerned with the
physical interfaces for VR and fihgpsychological and ergonomgffects This leads them to
stress the immersive aspects of VR and the fidelity and cohesiveness of. theyd@tl example
is Kay Stanneyos Handbook of W iher tbaok bulk & nthei r o n me
introductory chapter and most of the other chapters are devoted to topics directly related to
building functional Immersive VR interfaces and using them propéybplications arealso
explored, but not in the same depth.

For the foreseeable future, the research agenda of this community will remain important,
useful and in many ways central. However, they appear to have lost control of the meaning of the
t e r mo, hedarse they agreatly outnumbered byser communities whemploya broader
definition of VR.



213 Educatorsodé Descriptions of VR

Educators and other user communities regard VR as any application which maintains a persistent
virtual environment (autonomynd within whichuses interact with each other, or objects, or
independent agents T¢® communities placauch less emphasis on the nature of the interface.
For example, texbnly MUD systems are regarded as a form of VR, as well as many desktop VR
applications

Because a welr range of applications are includ
requires modifying Zeltzerods (1992) definitio
the engagement of attention is emphasized in a way that centers on a single refen¢meehgoi
virtual environment, the usersgocenter(Psotka, 1996). All of the user's spatial interactions
with and within the VE are relative to the wus

Presence then becomes a special case of engagement, which describes the degree to
whichthe user devotes his or her attentional resources to some activity within a VR environment.
Many argu¢g¢ hat t he more engaged s/ he is with some
presencé certainly, introspective questions of presence will yielghbr scores in this case.
Converselyit may ke that an increased sense of presence, perhaps from sensory immersion, will
enhance the user's sense of engagement in the task(s) ceatgrtaularVR application. To
avoid a circular definition, let usag that presence is a particular type of engagement. Our
definition of presence then becomesychological presence which requires that the VR
application has a defined egocenter for the user and that it successfully engages the user's
attention.

Underedec at or s6 broader definition of VR, mo st
three groups:

e Text-Only The MUD (Multi-User Dungeon) support teghly interaction with the

virtual environment and between the usdit/Ds have existed for nearly twenty ysar

before the term VR was coined, but researchers who use MUDs now regularly refer to

them as virtual worlds and to the MUDs as a form of virtual reality. Few are solitary,

most support very large communities of users (Bruckman, 2002a).



e Desktop With Deskt@ VR, the user interacts with a persistent autonomous virtual
environment using a standard computer monitor, keyboard and mouse. Applications can
be solitary or support a large community of users (SecondLife, 2004; There, 2004; Dede,
2004; Cobb, 2002; Ragh 1997) See sectio2.3.9 p29, for more detall.

¢ Immersive These applications attempt to enlarge a VR environment beyond the scale of
a computer monitor tanore fully engage thes e rsenges, especially by improving the
visual interfacelmmersive VR applicationssually use &lead Mounted Display (HMD)
or a CAVElike display in which several screens are used to simulate 3 dimensions.
(Winn, 2003b; Jackson, 200ome of them ats attempt to engage such other human

capacities as hearingahdh e vi ewer 6s tactile sense.

This expanded definition appears to be stable and does not hinder educators who wish to
experiment with Immersive VR. However, it raises questiabsut how the tradional VR

research community, for whom the only VR is Immersive, references these other applications.
They often rely heavily on the term AVirtual
Stanney's booliandbook of Virtual Environmen{S$tanney, 2002 The book itself gives the

best overview of VR research up to that time. To achieve its breadth, thenbhales articles

about importantnoh mmer si ve VR applications. Accordingl
Environment so noot wihMicrht ucad-weierebeeldppticgsors. Staoney
stretches the term AVirtual Environment, 0 bec
environmentsWe see no harm in this extension of the definition of VE, especially if the authors

define the term within their context.

2.1.4 Augmented Reality

Also worthy of mention is VR's close cousin, Augmented Reality (AR), which is the practice of

using VR techniques to enhance a physical space (Papagiannakis, 2004a, 2004b; Ruiz, 2002;
Sinclair, 2001; Adison, 2002). For example, AR Quake (Piekarski, 2002), of=exvethe real

world through special glasses. Animated autonomous agents are added to the user's view by
having the computer Apainto the appr agents at e i
interact with each other, the terrain and wi:i



(Oppermann, 1999; Baber, 2001), the user hears a topical narrative when s/he nears a point of
interest in a museum. The narratives change adaptivgdgndeng on who the user is and what

s/he has seepreviously It could be said that there is a continuum of possible applications
between pure reality and a true virtual environment, with the #argmented Realityicluding

everythingin between.
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2.2 VRIS EXPRESSIVE

Virtual Reality provides the educator with new ways to represent many objects and systems more
effectively than with other media. For example, the VR user can interact with simulations of
objectsthat cannot be perceived in the real world (Ross$999) because they are too small, too

big, dangerous, far away, no longer exist, do not existoyedre simply inconvenient. Students

can make mistakes in a virtual environment safely and cheaply, which allows for learning
activities not possible irthe real world. A virtual environment can also simulate dynamic
systems such as ocean currents, planetary motions, changes in electrostatic fields, or social
behavior in a troop of gorillas. These simulations become especially powerful teaching tools
whenthe student can participate in them, giving the student an inside view (egocentric) and the
ability to experiment with the system (Winn, 1999; Bowman, 1999; Dede, 1999)

VR theorists often use the concept of dimensions or dimensionality to describe er defin
virtual environments and user interaction with them (Benedikt 1991, Wexelblat 1991, Bowman
2002). The most helpful dimensional taxonomies depend on the context for their intended use.
Accordingly, the following taxonomy supports later discussion (in stusly) of how different
VR applications represent information and receive and respamktdanput. The purpose of this
section is to help the reader understand and classify educational applications based on VR by
providingparadigmgo describe:

1. The avdable dimensions in a VR interface: width, height, depth, time, sound, touch,
proprioception, and taste/smell.

2. Dimensions to classify information:onedimensional, twedimensional, three
dimensional, multdimensional, temporal, tree and network. Thisaapted from

Schneiderman's (1996) Task by Type Taxonomy.
3. Ways to map the information to the display, with examples of common usage.

This taxonomy emphasizes how the user receives information from the display. For a detailed

taxonomy on interaction, s&owman (2002).

11



2.2.1 Dimensions oflInformation

In Schneiderman's (1996)jask by Type Taxonomy he | i sts a series

ostensibly representing a type of information. Each data type is described along with its most

appropriate vehicleFor exampg, twodimensonal information includes maps and imagéke

following is a somewhanodifiedlist of Schneiderman's data types.

One Dimensional Text, including font, color, anthetainformationlike author or date
Anything that comes in a linear ordesych as a list of names or cleshon a rack
organized by size. At this level of abstraction, sound can be considered one dimensional.
In reality, sound contains nmg dimensions within it, just as coloods, but this overview

will not addresshat levelof detail.

Two Dimensionat Planar or map data include geographic maps, floor piarages,or

newspaper layouts.

Three-dimensionat Molecules, architecturéhe human body, machine inner workings,

etc

Temporal: Timelines, project schedules, fictidnar historical narratives, etdJsers

often querythe temporal ordering and grouping of things
Multi -Dimensionat N-dimensional data, usually stored in a relational database.
Tree: Hierarchical information.

Network: There are many types of networksimarily acyclic, lattice, rootedunrooted,
and entityrelationship diagrams Visualizing this type of information is useful for
determining relationships, identifying cycles and finding short paths between points in

the network.

12
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2.2.2 Dimensionsof Expressian

These dimensions refer to the way in which the user experiences the virtual environment, which

is why the first four and the remaining items can appear on the same list. The level of granularity

in this list is arbitraryformulatedto suit the level othis discussion. For a much more detailed

taxonomy of the senses, see Spring (1992).

1.

Width : Horizontal length with respect to the user's view.

. Height: Vertical length.

Depth: Distance away from the user's viewpoint.
Color: The color(s) of objects withithe environment.

Time: The temporal aspect of a user's interaction with some person, place or thing in the

virtual environment.

Sound This can range from mopbonic sound from a computer speaker to fully

spatialized sound.

Touch: Al so knownc afse efdhbaapctk , 0 o r siniufatedability tof e e d b a
touch a virtual object. The user manipulates some physical device, such as a special glove
or stylus, which creates the sensation of touch when the device's analog in the virtual

environment encauers an object.

Proprioception: The sense of orientation or movement sensed through the vestibular

system, visual system and sense of touch.

Taste: We are not aware of any VR displays which employ this sense.

10.Smell: Some VR displays to release odors iasaled by the VR software.

In this section we will present ways in which information can be mapped to aspects of the

computer display. We categorize these aspects by the number and type of dimensions by which

they can convey or represent information. fimast important dimensions readily visible in any

13



each sensory mode are called Adominant, 0 an
expected to experience or think about the display. The discussion is also weighed towards
display rather than intaction. For a detailed taxonomy interaction, we recommend Bowman
(2002). While the discussion is intended for VR displays, others are included for context.

2.2.3 One Dimensional Formas:

There is no immersive, one dimensional display but static text is threshesgpproximation
narrative fiction, for example. Static text requires that either height or width be dominant (height
for Asian languages and width for most others) and but allows sontebation from other
dimensiond just enough to lbw the lettersand characters to be readable. Color, font, point
size and so onare all subordinateo height or width in this casén reality, the typical page of

text is a two dimensional presentation and its lay@ut lsave an importanbfluenceon the
viewer. Newertheless, the user's attention primarily moves along one dimension, from one word

to the next.

2.2.4 Two DimensionalFormats:

Most applications of the familiar print and electronic media aredim@nsional.

1. One of the most common applicationstbé two dimensgonal display includes maps,
images, static web pages, maps, floor plans, newspaper layouts, etc. This would include
many forms of Schnei dea graphed 'scheduieT(RERP charg | 6 d
GANT chart, etc.) for example. The dominant dimensions aghhand width.

2. Soundonly presentations belong to this category as well, because they have two

dominant dimensionsime and sound.

3. A popular two dimensional display isthe texn |l y fAchat o i nterface,
user to interact in real time withtheer users by reading and typing text. Here, the two
dominant dimensions are width and time. If Asian characters are used in a vertical

display, those would be height and time.
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2.2.5

AlMUDsuseatebhased fchato interface @aondentmmai nt a

and social interactions. The virtual environment and the actions of the actors within it are
Adi spl ayedod as owever somd schdlasncamtahpttaiM/b mapsH
many dimensions into the one dimensional -texist often arguing tha¥lUDs exist in

width and time.

Static threadimensional images can be projected onto the two dimensional surface, as
with a photograph, painting or drawing. In these cases, depth has to be included as a
subordinatedimension, indicai@ by perspective, ocakion and shading effects. There is
actually a spectrum of displays between two and three dimensions, so a good photograph
may well be considered 2.5 dimensionaldisplay. Though height and width are
dominant with these representations, depth can be stegigand color can be indicated,

though rarely faithfully reproduced.

Three Dimensional Formas

Static images of molecules, architecture, the human body, machine inner workings, etc.,
when shown with a volumetric display. Most volumetric displays use ogtsite to

display depth information.

A threedimensional displayan be mimickedn a dynamic twedimensional display,

such as a computer monitor by introducing factors such as user viewpoint motion, the
motion of objects in the environment or both. Freddks (2004) states that the recovery

of form from motion is stronger than stereopsis. A way to get efepth-motion is to

add headracked perspective correction, so the viewer's own motion contributes. These

displays provide indications of height, widithd depth.

Interactive silent applications which employ a #dimensional interface but show
change over time. Examples include a lavgeety of games (i.e. Pac Man) and some
virtual communities (i e . Randy F ar These applicatiohbaempldyemht,, 0 )
width, and time.
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4. A silent movie. Height, width, and time are predomin#mughdepthcan be implied as

a minor dimension.

2.2.6 Four Dimensional Formats

1. Interactive multimedia applications where the dominant dimensions are height, width,
time and soudh.
2. Silent, interactive VR applications using a thodmensional display. Height, width,

depth and time.

2.2.6.1Five DimensionalFormats

1. Interactive VR with spatialized sound, or a typical motdeight, width, depth, time and

sound.

From the forgoing examples,is clear that the basic idea of mapping the dimensions of the data
to dimensions of the display is fairly straightforward. However, the science of it (data
visualization) and the art of it (information design) is very complex and beyond the scope of thi
study. This is especially true for data which hasamydimensions or which cannot be defined
in terms of dimensions (i.e. tree or network), bar onlybe displayed using a limited number of

dimensions.
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23 VR TECHNOLOGY

Recent trends in the technolegiwhich can be used for VR applications have opened up many

new possibilitiesThe following sections provide an overview of these possibilities.

2.3.1 Informative 3D Models

Scientists engineers, archaeologists, and many other professionals increasinglyrese th
dimensional models to represent information and interact with it. While the majority of
applications which employ 3D models do not qualify as DesktopVR, maliyedtion2.1, p4).

They range fronsimple and eleganto rich in complexity and informationA model may be
created by human artists as an original work or as a virtualization of something that already
exists in the physical worlliSome 3D models could also be a visuadtion of some stream of

datg such as the fluid dynamics of a cloud frcart abstract repsentation of the stock market,

or the result of a CAT scahkigure 2, below, is a good example of a useful model.

Figure 2. Schematic of the Gre&yramid(Kufu, 2004)

Most of the simple8D models are written ithe oldVRML programming language t 6 s
probable successor X3D (Web3B006 or one of many lessd&nown alternativesModels of
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this type areeasy to producandcan bemade part o& webbased applicatiarFor examplean
object in a VRMI:-based virtual world can hawestandard hyperlink associated withsiv that
clicking on the object in a virtual world mightsplaya web page in ather frameon the same
page(Jacobson1998h). More complex models are usually built with advanced commercial tools
such as Maya or 3iStudio Maxx (Autodesk2006).

Figure 3. An Ancient Roman Kitchen (Capasso 2004).

VRML and X3D support simple animationghich canbe compelling in the hands of an
imaginative designeiOn the other hand, tools such as Maxx and Maya support very complex
animations which can provide greatievels of detail and subtletyThe most sophisticated
examples include comput@nimated movies such as Final Fantasy (FinalFanf23§1) and
interactive video games, such as Doom (Id_Softy2084) or Unreal Tournament (EpicGames
2007).

Finally, authoring tools are available for conterg¢ation h the moe advanced video
games,and they take input from the professional authoring tools. Some of them, like Unreal

Tournament 2004, are partially opsource, allowing for extensive reprogrammingeafsting
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games and creation of new content by members of thielipEpicGames, 2004; Id_Software,
2004).

2.3.2 Advancing Graphics Technology

Detailed threadimensional computer graphics require a great deal of computing power,
especially if they are dynamic or interactivEypically, the application must produce thirty
visual frames per second to produce convinamogement through the virtual spaes recently

as the late 990s, high quality computer graphics requiregimputers which were powerful,
specializedand very expensive.

Today, advanced graphics hardware isilable to the mass market through new video
cards (nVidia 2007; ATI 2007; Lewis 2002) for standard home computers and gpepase
game computers, called playstations.(iXbox, PS2 and othersBecause of this, thgame
industry has grownlarger tha the movie industrypy every measurand shows no sign of
slowing down its drive towardsverfaster homecomputer graphic$\early everyone involved
in computer graphics has taken advantaigbe game industry spinoff technologies.

The efficiency of anighly optimized game engine can be ten to one hundred times greater
than generapurpose graphics software. However, hpgrformance graphics engines (game
engines) are always highly optimized and often quite specialized. For any particular game
engine,some features are trivially eaky employ in a VR applicatigrwhile other featuregan
be harnessed bwith specialized knowledgand good programming support. Stthers are
simply unavailable. The key for VR application development using these ¢gsaphgines is
careful advance study to choose the right one and a willingness to expend the effort to learn the
chosen engine wellFigure 4, below, shows a movie rendered using theesat graphic
technologyFigure5, below, shows a scene from one of the most advanced computer games.
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Figure 5. UT2007 (EpicGames 2007)
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Because ofhe technical challengesmany authors of Virtual Reality applications still use
traditional VR authoring packages (VirtopR007 VR-Juggler 2007) or write everything from
scratch. Tlse approaches provide complete flexibility for the author/programmer, but require a
great deal of time and effotb achieve basic effect$urthermore, the resulting graphics are
significantly inferior to those generated by the game enghesordingly,a small but growing

number of VR authors are using game engines for their applications (Lewis 2002).

2.3.3 Flight Simulators

The modern history of Virtual Re al ,ian aytifickale g an i
aircraft cockpit with video screenmst ead of wi nflies?vs ovdmheaptcbmpu
generated landscape using controls which simulate the action of real controls (EllisM£91).
simulatorsare mounted on mechanized platforms which tilt and roll to simulate the motion of a

real aicrat cockpit. The experience is real enough to justify these délmas history and wide

use for pilot training. Recently, simulators have been used in such disparate fields as truck
driving, tugboat piloting, and mining equipment opévatto provide baic training on the use of

heavy equipment.

Figure 6. Exterior (left) and interior (right) of a flight simulator (Simlabs 2006)
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