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Abstract

Technology is giving us new ways to interact with our wardthis offers us unprecedented

access to knowledge. To benefit from this access, we may need new ways to interact with
subject matterand it may be helpful to match the affordances of technology to the learning
affordances of our minds. One possible approach to this problem is to leverage our natural
environmental awareneddumans are a successful species because v saavell to our
environment, and adaptation is the focus of this researglth usescomputer sciencéo

design danguagdeaching tool. The research is intended to further the development of virtual
reality teaching environments by proposing a defigmework created to managleangesn
avirtualworld. Subsequentya virtual world based on the framework was creasadusedo

teacha languageconcept, theEnglish prepositionfi o v.eArsériousgame createdon two
platforms,one PC, andthe other VirtualReality, wasusedto deliverthe teachingchallenges

basedon the different meaningsof the preposition, and tests before and after the use of the
game were used to measure improvements in learning outcomes. The PC game had both a
adaptiveandstaticenvironmentandthe VR game hadreadaptiveenvironment. The research

found that the VR game resulted in the strongest effect on learning outcomes. The VR
environment challenge which used a ficgrarti ngoc¢
change in test scores as latitentironmentiBoththeelai n g o
medium effect on scores. The research also found that the actions taken inside the environments
were not affectetdy profile differencessuchasage,gendey Englishproficiency,or role. The
tessscores for t he me gandingnporaf &lchowed improvéntemtne s s 0
posttest scores, however, tleffect size was smalland not likely to be significant. Further
studycomparingStaticVR platforms with adaptiveVR platformsaswell asmechaniespecific

research is needed.



Acknowledgements

| would like to thank my supervisors; Dr Aikaterini (Katerina) Bourazeri, Dr Adda@em
Gutierrez and Dr Michael Gardner, for their guidance, support, and patience over the last few
years. oweahugedebtto my wife Wendyfor herpatientlistening,andunendingsupportand
without whom the editing process would have beemeasurably difficult. Thisand all my

work is for my children, Abraham, George, &land Temperance.



Table of Contents

Towards a Desighramework for Adaptable Reconfigurablgtual LearningEnvironments......... l
Y 0] 1 = o A TP OP PRSPPI Il
ACKNOWIEAGEIMENLS. ...ttt e e et eeees e ettt e e e e e e e e e e s smmmeeeeeaeeeeeeeeeeennnnnnd 11
TaDIEOT CONTENTS.... .. ee e vV
IS o) T T (=S POURS 8
LISt Of TADIES. ...t e e e e e e e e e e e e s e 11
(€ [0 11T 1/ PPSPRRN 13
1 1o o (8 o{1 o] o FOU PP PP P PP P PPPPRUPPPPPPP 14
1.1  Motivationfor thiSRESEAICH..........cooi i 15
1.2 RESEAICN ISSUEBS.....ooiiiiiiiiiii e eeeea e 15
1.3 ProblemStatemMent...........ooiii et 16
1.4  ChaptelStructureandSUMMANIES.........cooiiiiiiiiiiiiii et 17
1.5 Publications arising from thisS theSIS............uuuiiiiiiiieeeer e 18
2 TheoreticaFoundationLiteratUreREVIEW.............oooeiiiiiiiiieeee e 19
P20 R | 11 (o o [F o1 1 o] o FEU PP P PP PPPPPPPPPPPR 19
PAT e et s 20
N =Y 14 o1 o N =0 1 PP 20
2.3 CognitiveLearnNiNGTREOIY.........uuuiiie e eeeec e e e e et enee e e e e e e e e eeeeeeeeaanannnan 20
2.4  GestalandCognitiVELINQUISTICS........ccooiiiiiiiiiieiieeee e e 23



2.5

2.6

2.7

2.7.1.

Partll ...

3.1

3.2

3.3

3.4

Partlll

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

ProprioceptionEmbodimentENaction..............coouviiiiiiieiee e 24
(70 a1 i 7= 1A I 210 1= O PPP 26
Second_anguUagEACUISITION .........ccciiiiiiieeeieiii e et e emr e e e e e e eeeaes 27
ENgGliSHPrepOSItIONS.......ccco ettt e e e e e e amnn s 28
.................................................................................................................................. 29
LearningMediatedby Digital DEVICES...........oeuuuuuuimmiiiiieeiiiiie e eeee e 29
IS0 101 1= Y PSP 29
GamEENVIFONMENTFOIMALS. .......eeiiiiiiiiiiiiie et reer e e e e e e e neeeen 29
Immersive& AdaptiveLearningENVIFONMENTS...........ccvuvuvuuneeiiiimreereirnnenne e e e e e eeeeeas 30
LearningMediatedoy Virtual Reality............oooiiiiiiiiiiiiiee e 33
................................................................................................................................... 38
(€= 1 g1 TS o | o PSR RRSPPP 38
INEFOTUCTION. ...ttt e e e eneme e e e e e e eeeas 38
DESIGNPIOCESS . ....ciiiieeiiietiii e st e e e e e e e e e e emams e s e e e e e e e e eaeaeaeeeeeeannneaaaaeaeeaeeeeees 40
ChallengeDEeSCIIPLIONS. ........ccoeiiiiiiieieeiiteeee e e eernnrnnn e e e e e e e emenrnn s DD
ThemMEANACONTENT. ... et e e e e e e e e e e e e s s s rmmme e e e e e eeeas 51
GameNarrativeandIMMErSION. ..........uu it 53
Goals,Rules,& ChalleNgEsS.........cooviuiiiiiice e e e e e eaaes 56
GaAMEMECNANICS ...t eea e e e e me e as 59
Motivation & FEEADACK..............oeviiiiiiiiieeeiiee e eee e meee 63
SituationalAwarenes® AENTION..........ooiiiiiiiiiiteree e ereeeeee bbb 66

User Interface Design for PC and VR ..........iiiiiiii e eeeevienen e 69



4.11

4.12

4.13

5.1

5.2

6.1

6.2

6.3

6.4

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

Vi

Summary: Design of the FrameworkK.............oooviiiiiiceen e 12
Design of the FrameWOrK.........ccoooo oo 72
Code for AIGONTNMS.......cooiii e e e e e e s ennn s 75
Researchysability TESL........uuuiiiiee e ereer e e e e e nnne e 79
RALIONAIE. ... e e D
PCaNdVR USEITESHNG......cceiiiiiiiiiiiiiiis ittt e e e e e e e e srens s s e e e e e e e e e e e e eeeeeeeennneeas 79
ResearciMethodologyandEXperimentDesigN........c..covviuviiiiieieieeee e aees 86
INEFOTUCTION. ...t e e ener e e e e e e e eas 86
HardwareCONTIQUIALION.............euiiiiiiiii it e e e e e e e srene s s s s e e e e e e e e e e e e eeeeeannneeas 86
EXperimentalCoNItiONS............. e e 88
DatacollectionandvariabIes. ..............uuiiiiiiiiii e 91
S LU | PSPPSR 94
INEFOTUCTION. ...ttt e e enene e e e e e e s e e eas 94
DAtASEIS. ... 95
D= LT o] (=10 = = 1110 o 95
DescriptiveStatiSticSPartiCiPantS...........ooeiiiiiiiiiieeee e ee e Q9
DescriptiveStatiStiCSIQUESTIONS .......coo it eeee e s 103
DescriptiveStatisticsSTeachingENVIFONMENTS..........uiiiiiiiiiiii s ceeeie e ee e e 104
Inferential TeStSCOrEANAIYSIS.........covvviiiiiee e e e e e e ereer e e e e e e aaaeeees 107
Inferential EnvironmentAnalysis: PC Staticand VR Conditions..............ccceeeeieiiiiiieennens 119
InferentialQuestionAnalysSiSAIl ENVIFONMENTS...........c..uuuuiiiiiiiiiiieeeiiiiieiieeeeeeeeee e 123

DiscussionConclusionContribution,andFutureResearch............cocoovviiviiieeeeciveeeen. 133



Vil

8.1 DISCUSSION......uuitiiiitiieieie ettt ettt ettt e e e e e e e e et et e e e e e e e e e e e e s s e e e e e e e e e 133
8.2 CONCIUSION. ...ttt e e e e eenr e e e e e e e as 135
SR T OXo 101 1] o U1 (0] o F PP TP PPPPPPRPPP 137
8.4  NOteS fOr GAmMES DESIGNEELS ......uuuuiuiiiiee e e e e ceeeiiire s e e e e e e e e e e e e eeeaeaesaaaeeeaeaaeaaeeeenennnnne 139
8.5  NOLES fOr EQUCALONS. .....cceieiiiiiiee ettt e e et e e s eeere e 139
8.6 LIMITAIONS. ...t 140
8.7 FULUIEWOIK. ...ttt ettt e e e e e e e e e e e e e e e e e e e 141
2101100 |- o] )Y/ PUSUPT 143
9 Y 0] 0 1= o o =R PPPPUPPPRRS 154
0.1 PartiCIPANITCONSENL.......oiiiieieee e e e et e e e e e e e eeen e e e e e 154
0.2 PartiCIPANPIOfIlE. ... 154
0.3  PreandPOSHEStQUESTIONS. .......uuiiiiiiiiiee e et e s e e e e e e e e e e e enees e e e e e e e e e eeeeeeeeeesnnnens 156
9.4  ParticipaninformationSheetPCVErSION...............uuuiiiiiiiii i eeeee 159
9.5 ParticipaninformationSheelVR Version.............cccoovvviiiiiiiieeee e e 160
S G = 1 ([ o F= U o g [N (=TSP 161
0.7  ENVIFONMENISKEWTESE ..ottt e e et eees bbbt e e e e e e e e e e e e eenees 161
0.8 SENSESKEWTESE. ...ttt e ene e 163
9.9 ANOVA Test Scores by Profile..........oouuiiiiiiic i 165
0.10 VR ACHON T-TOSES ..ciiiiiiiiiiiiee ettt ittt e e e e e ena et e e e e e e nsbe e e e e e e e s ammne s nneees 168

9.11 Effect Sizes for Adaptive versus Static SENSE SCOMES........uuuiiiiiiiieeeerrriiieeeeeenns 173



List of Figures

FIQUIE 1. TRESIS STUCIUIE......coiiieieiiiit e ceeeiie oo e e e et et e s s e e e e e e eee e s ste e s mmmsassana s e eeeeeaeeeeesssnnes 17
Figure 2. Learning TheOorY[LQ]......couuiiiiiiii et eree s s e e e e e ereee s s e e e e e e e e eeeassnnes 21
Figure 3. Cognitive LINQUIStIC FrameWOTK............ciiiiiiiiiiiieeee et eeeee e eeee s 23
Figure 4. Semantic Network for "over" adapted from (Tyler & Evans, 2003)...........ccooeiiiiiieciiiiieenennn. 24
Figure 5. PC and VR ENVIFONMEILS. ........uuuuiiiiiiiiiiiieeeeeeeeeeesesssssassssssmmne e e e e e e e eaaaeeaeaaaeaassssmssssseeseeeeeees 30
Figure 6. Oculus Rift: Examplef VR headset and handsets.............ccccvvviiiiiieici e 34
Figure 7. Elaborated Model of Learning in Virtual ENVIronmengg.[5..........cooiiiiiiiiieniiiiiiiiiieeeeeee 35
Figure 8. DeSIgN MOEL...........ooi ittt e e e s e s 41
Figure 9. Challenge ProtO SENSE.......ooiiiiiiiiiiii ettt a e ettt eeee s e e e 43
Figure 10. ChalleNge EXCESS SBISE. .. ...ttt eieiieeiieiee ettt ettt e e e e e et eee e e e e e e ettt e e e eeeeaaaneneaaeaeeeeeennned 44
Figure 11. ChallenNge COVEI SEMSE. ... ciii i e ittt a e e e e e e e e e e et eeeeeeeeeeaaaen e e e e aeeeeeeeenneeeaeeeeeennennnnd 44
Figure 12. Challenge Other SIde SEISE.........ucii i cerer e e e et e e e e e e et e e e e reeeaaaa s 45
Figure 13. Challenge RefleXiVe SENSE.......i i rree e e e e e e e e e e e armmmraa e eeeees 46
Figure 14. Challenge REPEAL SEISE. . ... it i ettt e e eeeee e e e ettt s e e e e e eeaaeneaaaaeeeeessannd 46
Figure 15. Challenge FOCUS SEIMSE........ccciiiiiiieiiieeeee et e e et et eeee e e e e et s e e e e e e e eaeeenneeseeeesessssnnnd 47
Figure 16. ChalleNgEOMPIEE SENSE......uuuiiii it e e anae s e e e e e aaaes 48
Figure 17. Challenge BEYONA SENSE.......uuuuuiiiiii i eeeeee e ereee e e e e e e e e e e eaae s 48
Figure 18. Challenge TransSfer SEMSE. .......ooouuiiiiiii ettt e e e e e e e e e e eaaa e eerreaannnas 49
Figure 19. Challenge Preference SENSE.........ouuiiiiii i iceciiie it e e e e e e e e et mar e 49
Figure 20. Challenge CONLIOl SEIMSE........uuuuuii i eeeees e eeee s e e e e e e e e e aaaes 50
Figure 21. Challenge TeMPOIBENSE........uuuuiii i e e ettt e e e e et reee e e e e e e e e et e e e e e anaasaeaeeaaeees 50
Figure 22. 1SIand TREME.... ..ottt et e e e e e e e e e e e e e e e e e e e e e e 52
Figure 23. Design & Learning ThEOIES. ..o et e e e 53
Figure 24. Building Bridge SEOMENIS. .........uuiiiiiiiiiiiiieeee e e e e e e e e e e e e e e e e e e e e s smnn e eeeeeeees 55
FIQUIE 25, FIOW....ciiiiiiiiiiii ettt e e e s s et be e e e e e e e e e e e e e s 55
FIQUIE 26. FIOW SEOMENES .....coiiiiiiiiiiiiiii ettt e e e bbb e e e e e e e e e a e e e s e e e e 56

Figure 27.

Figure 28.

Sign: OVer (the Other SIAE) ... . ueeiiiiiiiiiiie e e e e e e 57

(O g =1 =T g o =N o o T =] K7



Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.
Figure 48.
Figure 49.
Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.
Figure 58.

Figure 59.

ACHIONS AN MECNANICS......oiiiiiiiiiiiie ettt eee e e e e 60
(022 oo [N [o] gAY/ ][] o PP 61
C# Code for AENtION REACHON. ........uuuiiiiiiiiiiiieeee e rr e e e e e 62
L O €= 0T 1 S 70
VR GaAME Ul .o e 70
Environment Participant COMPONENLS..........ccoiiiiiiiiieimreiiiiieee e e e e e eeeeeesreeneeeeesrrr e eeeeeeas 71
DESION FIramMEWAIK.........cceeiieeeeiie s e e eee et e e e e e e e et e aeeeeeeeeeeerrr e eas 7.3
Adaptation FramEWOIK .........ccoiiiiiiieiiiieeeee e e e e e e e e eeee e e e e ee s e s e e eaeaeeeeeeeeaaaeeesennnnnns 73
Example Action: INCOITeCt itEMS tUIM @WAY.........coeeeiiiiiiiieree e e e e e 74
Adaptation based 0N MECNANIC..............uuiiiii e e e 75
INPUL SCHIPL FOr "IOOKING ... e e e e e e e e e e e e e e e e as 76
INPUL SCriPt TOr "TOUCHING: ...t 77
INPUL SCriPt FOr "NOIING:......eeeeeeeeeee e e e e e e e e 78
UNIEYDASEA TEST. ...ttt e e e e e e e e e e e e e e e e e s s s e e e et e e e e e e e e e eaeaaens 79
L@ 10 =11 o3 =] PO 80
Pdf iNnStructions for PC Qame@.........oooiiiiiiii e eeeenees 80
Changes t0 INSIIUCHIONS. .......i i e e e e e e rr e e e e e s et e e e e e et e e e e e eeannneees 83
Instructions leading tO tULOMAL............coooiiiiii e e e arnnne 84
YT x> T =S 84
S]] 0 I =T T 84
Bridges and islands expanded.......... ..o ceeii e 85
10 11 (o O U= SRR 87
WAN OCUIUS QUEST SEILP. ....uviiiiiii i ittt e e e e e e e e e e e e e e anae s s e e e eeaaes 88
01T T L=t ) = L ] o 10 o LT 88
GAME DALA. ... .euuiiiiiiiiiiii e 92
F N Tz 1S ES R d (0o =SSP 94
DATASELS. ... ettt ettt eaeene e e 95
Data RelatiONSHIPS ... ...ttt a e 96
HiStogram Of TESt RESUILS ........iiiiiiiiiei e e e e 97
(€ @ (0] o) N =TS S oo ] £ P 98
RESPONSES 10 INVITALIONL. ...t ee e e e e e e e e e e e e e e 100



Figure 60

Figure 61

Figure 62.
Figure 63.
Figure 64.
Figure 65.
Figure 66.
Figure 67.
Figure 68.
Figure 69.
Figure 70.
Figure 71.

Figure 72.

Figure 73
Figure 74
Figure 75
Figure 76
Figure 77
Figure 78
Figure 79

Figure 80

. First Language BRrICIDANIS. ........uii e e e e ee e ee e et e e e e e e e e ean s 101
.Gender DISIHDULION.........ooiiiiiii e er e e 102
7 = I 13 1] o U1 ¢ 102
English Proficiency DiStribDULIQLL...........iiiiiiiiii e rrer e e e e e e e e e e e e e eennes 103
All CONAILIONS TESTEA. .....utteiiiieiiiet et e e e e e re e e e e e e e 107
VR PHEESE RESUILS.....ccoiiiiiiieii et e e e e e 111
PC POSEST RESUITS .....coiiiiiiiiiiee et 112
PC PHEEST RESUILS. ...ttt e e e e e 112
VR POSIEST RESUILS......eitiiiiiieeeee ettt ee et e e e e e e e e e e e e e e e e ae s 112
PC Static Versus VR PSSt SCOMES.........uuiiiiiiiiiiiii et seeee s 114
PC StatiC Versus VR REESE SCOMBS......uuiiiiiiiiiiiiiiiiieeeeeiiib ittt eeeenees s ssnssneennnees 114
PC Adaptive and StatiC FIT@ST SCOIMES.....uuuii i i i e eeiieeeetiireer et e e e e e e e e eenr e e e e s 115
Prelest VR AQE COMPAIISON........uuiieiitiiieaaiiiiaeeeeaeaaiteeeeaasteeaeaasbeensaeeaaanseeeaeaanseeaeaanseeaneeens 117
. POStESt VR AQE COMPAIISOML.....ciiiiieeiie ettt ettt et e et e e e e e e e e e e e e e eeenannes 118
Analysis of EnvironmentProfile / TESE SCOM........ovvviiiiiiiiiiiii e 119
. ANalysis Of ENVIFONMENT: SENSE......coii it e e 123
. COVEI SCOIFTEQUENCY. . ..cetuieeieeite ettt ettt et et e e e e ee et et e e et e et e e e eebnma e e e e e eeaeas 125
. EXCESS SCOIE FrEOUEBIICY. ...etuuieieeeei e ettt e et e et e et e e et rme e e e et e e e et e e e et e e eean s e ennmeaneeeenneeees 126
. Participant Information Sheet.RC........cooo e e 159
. Participation SHEEL VIR........coiii e e e e e e e e et eee e e e e e e e eeee 160
CVirtual Reality INVITALION. .........coooiiieeccce e e e e e 161



11

List of Tables

Table 1. RESEAICN QUESTIONS ... ..uu ittt e e e et e e ee e e e e et e et a e s e e e e e anneeeeeeaeeeeeeenennnnnans 16
Table 2. Distinguishing characteristics of 3D EnNvironments.[G8]..........ccoovviiiiiirrniiiiiiiiiiieieeeeeeeee e 31
Table 3. Senses, MeChaniCS aNd D e INITIONS. .....ovu ittt ettt ea et e e e et e e eenreaanens 60
Table 4. SCaffOldiNg MaP.......cooi i ettt e e e 64
Table 5. USEI INTEIACTION. .......eeiiiiiiiiieee e e e e e e e e e e e e e e e e e e e e e e e e 70
Table6. Pilot TESIEI PrOfilE... ...t eeaeaeeee el 81
Table 7. QUAlITALIVE COMMIBINIS. ... ..cvviii ittt eeeee e et e e e et eree et e e e eeta e e e eeeataeeesesenne bt s eeeesbanaeereees 82
Table 8. ReQUIALOIY SCaAIE.........coi i ee e e e e e e e e e et rreer s e e e e e ta s s e e eenaaneeeeeens 89
Table 9. Instruments Applied to Research QUESHIQNS ..........uuciiiiiiiceeei e e e e eeaens 20
Table 10. DeSIGN FrameEWOIK ..........uuuiiiiiiii e ceeei e ereere s e e e e e e e e e e e ettt srr s e aeeeeeeeeennnns a1
Table 11. Research Questions and VariablES............coi i 92
Table 12, TESE fOr SKEWNESS ......uuiiiiiiiiiiit ettt rmeee et e e e e e e st e e e e e e e nnn e e eeas 97
Table 13. PC Participants VR PartiCIPANIS.........coooiiiiiiiiiiieiiie et eneeanes 104
Table 14. Framework Values am@lioNS...........oooiiiiiiiiiiii et ee e 105
Table 15. EVENT DESCIIPUIONS. ......iiiiiiiiieeeee e ettt ettt ettt et aeaaaa bbbttt e e e e e e e e e enees s e s a e nnnennne 105
Table 16. Descriptive Statistics PC Environmental EVENLS. .............oooiiiiieeriiiiiiiiiiiiieieeeeeeeeeeesies 106
Table 17. Descriptive Statistics VR Environmental EVENLS. ............oooiiiiiieeriiiiiiiiiiiieiieeeeeeeeeeeesiees 106
Table 18. Total ENVIFONMENT EVEILLS.........iiiiiiiiiiiieeee et e e e e e e e e e e e e ee e 107
Table 19. Static PC MEaAN TESt SCALES........ciii i ittt e e e e e e e s e e e e e e e e e e aeeennnnnes 108
Table 20. Adaptive PC Pair@ATIESE........oieeiiiiiiae e eeeee et eeeea e e e e e e e e e e eeaaeene s e e eeas 108
Table 21. Static PC PaITEATIESL.......cciiiieiiieiei ittt e et e e e e e e e eeees e 109
Table 22. Adaptive VR MEaN TSt SCOIES......oeeiiiiiiiiet e e eeeee et e s eeeee e e e e e e e e e e eeeeee e nees 109
Table 23. Cohen's D EffeCt Size PC SEALIC..........oooiiiiiii et e e eeeeanes 110
Table 24. Adaptive VR Pair@0-TESE.......uii it e e eeme e e e e e e e e et e eneeeeeeaannas 110
Table 25. Cohen's Bffect Size VR Ad@PLIVE......ccoeuiii e e e e e 111
Table 26. PC NON & VR AAPLIVE. ......ooiiiiiiiie e e e e e e e e 113
Table 27. PC Non and VR Adaptive Paire@ @St............cooiiiiiiiiiiiiiee et emme e 113
Table 28. Age FreqUENCY VR ... ..ot ereet s rree s s e e e e e e e eeeaanees 116

Table 29. Comparison of Age Performance.VR...........coiiiiiiiiieeei e eeees e 117



Table 30.

Table 31.

Table 32.

Table 33.

Table 34.

Table 35.

Table 36.

Table 37.

Table 38.

Table 39.

Table 40.

Table 41.

Table 42.

Table 43.

Table 44.

Table 45.

Table 46.

Table 47.

Table 48.

Table 49.

Table 50.

Table 51.

Table 52.

Table 53.

Table 54.

Table 55.

Table 56.

Table 57.

Table 58.

Table 59.

Table 60.

12

e O AN =T o1 (Y= = 1Y I T 120
PC StatiC ENV. TIMIE ..ottt ettt e e e e e e e eeens e eeeeees 120
VR ENV. TIMIE .ttt e e e e e e e e e e e e e e e e e s e e n ettt e e e e e e e e e e e eeeaeeeeeaan 120
Descriptive Statistics for ACHION SCOLES.........ocviiiiii e err e e 121
VR ENV. Test fOr NOrMaAliLY........cooiiiiiiiiiiiii i e e e e e e e e e e e e e eeeesrnnneesereee 121
PC Static ENv. Test for NOIMality.........coviiiiiiiiiiieiieee s e ee e eee et emme e e e e e e e e e eeeaeens 122
Session Comparison Of SENSE SCOIES.......ooviiiiuiiii e e e et eeeeeeeeeaanne 124
SeNSE COVMEAN INCIEASE.........uuuiiiiiiiiiiiiiiir e e e e e 124
SeNSe EXCESS MEAN INCIEASE........uuuuiii et e e e 125
Sense Temporal MEaN INCIEASE. ............uuuuuuu e ie e e e e e e e e e e eee bt emmr et e e e e aaeaeeeesrenneees 126
Comparison of SENSE SCOrES AUAPTIVAE........uuuuuiiririeiierer s re e e e e e e e e e e s s 127
VR MeChaniC PaIr@ATIEST.......cceiiiiiiiee ittt e e e e e e eeeennnaee 129
VR MeChaANIC EffECE SIZE.....ooiiiiiiiiii e e e e 130
PC Static MeChaniC Pair@@ @St............uuuiiiiiiiiiiieieeess e e e e e 131
PC Static MechaniC EffECt SIZES..........ooviiiiiiiiiieeee e 131
PC Adaptive MecChaniC Pair@@ @SL.........cccccuuiiiiiiiiiiiieeee e mnne e e e e e e e e e e e 132
ENVIronment ACHION SKEW TS .. ..ot e e e e eeennnes 161
Normalized ENvironMeNt ACHION SCOLES.......uuuuuuiiriieeiiiireese e reee e e e e e 162
VR QUEBINS Grouped DY SENSE......ccuuiiiiiiii e e e rree e e e et e e e e e e e e e erennes 163
PC QUuEeSLIoNS Grouped DY SERSE.......cuiii e veeer e e e e mmr e et e e e e e eneee s 164
Comparison of Gender PEerfOrManCe...........uceeiiiii i i eeees e s 164
Comparison of EQUCAtION LEVEL..........oooiiiiiireie e e e e e e e e aeeee e 165
A R Y = = 1T T T PP 165
Comparison of ENG. ProfiCIENCY..........cooiiiiiiiiiicees e e e e e e e e aeeee s 166
Y R e [N ¥ 10T T PPN 166
Comparison of ENg. ProfiCIENCY..........ccoiiiiiiiiiiiiee et e e e e e e e e e aeeee s 167
Static ACtION SCOrES DY GENUEL.........ooi it 167
PC Static Action Scores by EQUCAION LEVEL...........uuuiiiiiiieeeeiieeee e 168
TTESEVR DY GENUE. ...t 169
TTESEVR DY AQEB... et e e et e e e s e e e e e e e e 170
TTESt VR DY EQUCALION.......ceviiiiiiiiiiieiee ettt ee e e e e 171



Table 61. TTest VR by ENQ ProfiCIENGY.......iiiiiiii et e e eemme e e e et e e e e e e e eneeeeeees 172
Table 62. Adaptive versus Static EffEIZES..........cooiiii e 173
Glossary

Term Description

3D ThreeDimensional

Adaptive The environmenand itemswvhich changeo guide the player

CL CognitiveLinguistics

CP CognitivePsychology

DOF Degree®f Freedom

L1/L2 L1 First SpokenLanguagel.2 SecondSpokenLanguage

PC PersonaComputer

POV Pointof View

RFT RelationalFrameTheory

SCT SocialCultural Theory

Static The environment with nadaptive elemerdand no feedback

VR Virtual Reality

ZPD Zoneof ProximalDevelopment




14

1 Introduction

Technology is giving us new ways to interact with eworld andthis offers us access to knowledge
previous generations would find hard to imagine. To benefit from this, we may need new ways to intera
with the subject matterand it may be helpfuf we were abldo match the affordances of technology to
our naturalinnate learningapproachesOne possiblavay to do thisis to leverage our environmental
awarenessHumans are a successful species because we adapt so well to our environméng and
adaptation is the focus of this reseanshich uses computer scienttiedesign a virtual realitianguage
teaching toalLanguage is our way of representing the world arargahdis part of the manglements
which help ugepresent our environment in our mindhis research employs quantitative methods through

a controled virtual environment, in an attempt to understand how chamgingnvironment affectsur
representation of language. Computer sciegives us the tools tdoth creat an adaptivelearning
environment as well as measure learning outcomes affected by that environment, thus providing a new w
of viewing language acquisitioBy researching learning outcomes affecteadtgptiveenvironmentsand
attempting to measure which changes datistically significant this research intends to help in the
development of new methods of passing on knowleflgehis type ofresearchs fairly new(combining
virtual reality with an adaptive environmeriibcusel on languagk one wayto place thé research in context

with the current literatures to view it as an interdisciplinary synthesis of old problems and new technology
approaches. For example, this application of virtual reality is an approach to behavioural change throu
what Fogg[l]descri bes as fAnémaking desired outcomes
acquisition. Arnabf2] writes of behaviourat hange @A Naturall vy, vi deo
persuasive strategies by utilising the power of mechaara elements of the game design; for instance,
selfmonitoring which can allow people to monitor themselves; conditioning, which offers rewased

on the performance of particular behaviour; and tunnelling, which is about leading players through
prearranged sequence of actions t o eThistescriptiomnc o
can in some ways be applied to the redgdrowever, in comparisomhis researchooks for changes in
understanding indicated by behaviollr attempts to identifyfa measurable cognitive change in the
understanding of a language cong¢eptfurther, that this new understanding can be enactetthé player

producing a demonstration of that understanding
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1.1 Motivationfor this Research

It is generally accepted in psychology that humans learn from their environj@erdand that our
experiencereate®urknowledgeandinformsourbehaviouiin thatenvironmentAlthoughfi e x per i e n ¢
is difficult to define[3], cognitive neuroscience draws a distinction between the effect environmental
experience has on behaviour, i.e. between a) haafuit b) goalirected reinforcement learnird], the

latterof thetwo beingarguablyafocusof teachinggspeciallyin secondanguageacquisitionasteachers

seek tanstil an understanding dhnguageather thara Skinnerianbehaviourarepetition ofwords|[5].
Behaviourists hold that respongestimuli (classical conditioning), and rewardpunishment fothose
respamses (operant conditioning), are effective methods for teaching huimawgver,this research

holds that motivation andintellectualand emotionalfactors also play a role in determiningwhether
learning takes plac@ndaffect the substance of what is leaf6t, as do social and cultural factors. It is

this concept of behaviourahange drivemy the environmentwvhich is the motivatiorfor this researb.
Theresearclusesa computer game to creaaenvironment in which students experience change while
attempting to learn. They are encouraged to engage with challenges which follow a simple narrative;
abide by realvorld physicsrules andoffer contextfor the lessons. Many educators and technologists
propose that as game platforms become more immersive, realistic, and complex, offexiagcéoser

fidelity to real life they may, in some instances, be able to replace traditional methods of teaching [5

This research is an attempt to contribute to the development and design of such teaching environments

1.2 Research Issues

With the advent of 3D environments came the possibility to programmatically change an environment
whilst it was being used. This is a fairly recdetvelopmenandallows the study of programmatic

changesn participans'behaviour. Issues to consider whesearching a redgime environment which
changes in response to participantsd actions a
those measurements in a way that relates to meaningful changes in the pdstiogbeaviour.

Consideration @b needs to be given to the experimental conditions and the platform on which the 3D
environment is built. This research uses both supervised and unsupervised experimental conditions as

well as a PC platform which is essentially a flat screen and a vigalgtly platform which is intended to
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be fully immersive. Creating a framework which combined measurement of behavioural changes with
environmental changes. Furthermore, the contettie$ubject matter was one of the main challenges in

this research.

1.3 ProblemStatement

If people learn to adapt their behaviour to suit their environment, can the environment be adapted to

improve learning?

To research the hypothesis that people can indeed learn more effectively from an adaptable environmen
a gamewasdesignedo impartknowledgewhich includedmeasurabl@endreproducibleadaptationsso
thatanyobservegositiveeffectscouldbeusedin futuregeneralisediesigns.Thisgame was offered on

2 platforms and was the basis for the followingedearch question$4blel):

Tablel. Research Questions

ResearchQuestion1 | Did theuseof eitherthe VR or PCgamehelpL2 Englishuseramprovetheir
knowledgeof thevariousmeaningsob ov er 6 ?

ResearchQuestion2 | Did interactionsin the VR or PC gamediffer by the task?andif so,do
thosedifferencescorrelateto differencesn performancer profile?

ResearchQuestion3 | Did performancevary by meaningor gamemechanic?

ResearchQuestion4 | Did profile differencesetweerstudentsfactorin predictingperformancen
theVR or PCgame?

Working with an Applied Linguist (G&upervisor) from the University of Essex, Department of
Language and Linguistics, a game was designed to teach an English preposition to students for whor
English is a second language. English prepositions are paycuddficult for second/foreign
(henceforth L2) language students to learn, they are often polysemic with many meanings attached to .
word or phrase, and they rarely have direct equivalents in other lang[fdgdor this research
prepositions were particularly useful in that they are spatial in nature and ideal for a virtual environment
which emulates reakorld physics. Challenges based around English prepositions were built into the
game in a way that encouraged the player to engage with the concept of the preposition. Serious game
often attempt to increase or enhance player interaction by including narratives which enplayerge

to overcomenbstaclesndengagavith challengesThisresearcheliesonestablished theories of learning
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which suggest that participant interaction wttle subject matter and their applicationtbéknowledge
affectlearning[8, p. 293] [9], [10, p. 16] In this casetheapplicationof theknowledge is the successful
demonstration of a preposition within the game showing thaiahecipant has successfullyternalised
theconceptSuccessfullemonstratiomequiresheparticipanto understandhe contextwvithin whichthe
prepositionexists,andthis contextis providedby the game, theahemeandthe narrative Adapting an
envionment in which the player is already engagedwith could be obtrusive,distracting, and
uncomfortable for them, increasing cognitive load and reducing focus. The adaptations in the researcl
game are therefore intended to be subtle. They aim to desstback which provides guidance while
remaining in context and is not overtly out of place in the game and the narrative. The control condition

for the experiment is the absence of this feedback.

1.4 ChapterStructureandSummaries

The overarching aim of thikesis is to explore how environmental chargfésctlearning, by creating
a design framework for conceptual learning and evaluating this framework orbase@ platform. A
Virtual Reality platform was the initial vehicle in which to test this theorydacer, due to theestrictions
of the Covid 19 pandemicthis provedimpossible.However, serendipitouslythe use of a PCbhased
platform as an alternative enabled the research to include a comparison between PC and VR learnin

platforms wherrestrictions were loosened.

Thisresearchs dividedinto 6 mainsectiongFigurel).

Chapters 23 & 4 Language, Leamning, Technolagy, Design Theory
Chapters 5 &6 Filots, Methodology, Experimental Design Method
Chapters 7 Study 1 &2 Research
Chapters & Conclusion, Future Research, Discussion Summary

Figurel. Thesis Structure

Chapters 2, 3 and 4 are concerned with the theory of learning, technology in learning and game desig!
theory. They briefly describe the current literature on knowledge, language, and learning, asheell as

addition of technology to the learning process the design of the platform and the implementation of the
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design framework within the platform.

Chapterss and 6 describe the design, creation and testing of the VR and PC platforms, as well as a
description of the experimental design and implementation during COVID. These sections also include
description®f the variablesvhich wereusedto answertheresearchguestionsaswell aswhereandhow

the variable data was collected.

Chapter7 describes the PC study and the VR study. It provadatistical analysis of the results as well

asadiscussion and interpretation of that analysis.

Chapter 8 summarises the fings from the two studieandsuggests future stiesand discussnis the

implications of the findings as well as some interpretations based on anecdotal evidence.

1.5 Publications arising from this thesis

CEEC 2019: 11th Computer Science & Electronic Engieering Conference
AnTowards Dynamically Adaptable | mmersive Space

A fAwopKkogressao paper describing a mod el f o

environments using machine learning agents.
TALE20: International Conference on Engineering, Technology and Education

Al nterdisciplinary Research Towards Creating

Environment so

A fAiwiopkogresso paper describing a framework f
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2 Theoretical Foundation: Literature Review

2.1 Introduction

Thisresearchdealswith knowledgein two complementaryvays.Theresearchtself may be considered
inductive, attempting to generalise from specific observed results, i.e., investigating the efiésstiok

an approach and materials for helping L2 learners acquire the various senses of overgctmioltgd
experimentation.However,centralto the researchs the ideathat knowledge,andthe acquisition of
knowledge related to language, canitferred from an environment and therefore it is deducsié

implies specificconclusiondrom generalisegvents.Theinductiveapproachs straightforward in that

the participantds knowledge is test econclhisohior e
drawn. The deductive approach however is more complex as how the transfer of kndvdette
environmentoccursis basedon multiple theories.Firstly, the teachingenvironment (thegame) the
participantexperienceds not the only factor which will affect the results of theexperimentThe
environmentepresenta scenavhich shouldbefamiliar to the participant,.e., adesert islanda bridge,
andachallengeTheseareiconographiandshouldalreadyberepresentedternallyby thep ar t i ci p a
existing knowledgg11] i.e. cognitivestructures already creatég their firstlanguage (L1). Here it is
intended that the participant 1incorporates thi
language structurasstead of, for example building a new system of understanding, a process described
by Paiget[12] as assimilation. Secondly, the research takes the constructivists vieaogjmative
structuresareflexible with the ability to adaptwithout newinformationandthatan existing cognitive
structure may guide what a participant pays attention to and what they choose tb3egpari7] [14, p.

30]. Thirdly, it takes an empiricist view of knowledge acquisition in that language is a viatgact,
understandand describethe world. As aresult,thep a r t i cemhpdietexpereenceof the world is
central to that experience, i.e. where they are in relation to the objects they interact with. The participant
is in effect part of, not isolated from, the language and the world from whichvedaeneaning15, p.

44), [16], [17,p.93] Whi Il st it could be argued that a pa
innateknowledgeand thereforeationalist in nature, theesearchetakes theview thatthefirst language

represents recordof experiencesywhatDavid Humedescribedasprior impressiong18], and that any
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changeinthepar ti ci pantos ability to understand the

new knowledge.

Part |

2.2 LearningTheories

This section is intended to describe learning theoriethes relate to the problem definition for this
researchTheobjectiveisto aligncompatibldearningtheorieswith theresearclapproachusedo answer

the question fican an adaptive environment aff
effectsonlearningneeddo begroundedn atheorywhich supportgheideathatlearningcanbe affected

by the environmentWhile on the surfaceehaviouralismmay seem tsupportsuch apremise where
language is concerned, humans need to createeptual structures of meaning and this creation is
difficult to understand through the lens of behaviouralism alone. This is because repetition without
understanding does not easily lead to using new knowledge in new and dynamic situations. Essentially
language requires context and context is created in the mind while making sense of environmenta
interactions and storing them as models for future situations. If interacting within a VR or PC
environment can create a model of understanding in the particip s & thesé models may then be

able to be applied to the real world after the teaching has been completed.

2.3 CognitiveLearningTheory

Cognitivism emerged in th#960s as an alternative behaviourism and forms tloeigins ofcognitive
psychology andognitive linguistics Figure 2). It is concerned witlhow people create meanirigpm
newinformationandregardsbehaviourasthe resultof amentalprocesg17] ratherthanthe reaction to
stimulus. In effect learning which mediates behaviour is a secondary result for cognitive ldaaigg

as flearning neednot changebehaviour,while it explicitly changesmental processesThis thesis
distinguishes between an environmental change which enhances meaning (Cognitivism) and ar
environmental change which creates a stimulus resulting in a response which changes behaviou
(Behaviourism). Specificallytheresearch emphasises language as a form of regulation for the participant

to conceptualise their actions within their environment.
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Rationalism Empiricism Behaviourism

Constructivism

Cognitive Theory

Figure2. Learning Theorji 9]

This research applies Cognitive Learning Theory (CLT), which suggests that people learn from their
environmentfrom what they see, how they interact, and from the consequences of their fijons

[17], [21]. It alsorelieson CognitiveLinguistics(CL) whichseekgo expandheunderstandingf meaning
creation by accounting for humasychology, CL is an interdisciplinary approach to understanding
languageaspartof humancognition Eigure 3) [22]. Unlike Cognitive Psychology(CP)19], Cognitive
Linguistics embraces human encounters with the world and considers interaction an important part of
languageacqusition. Thepsychologisiygotskysawtheactivity of co-constructioraskeyto pedagogy,
moving away from knowledge previously formulated by others to knowledge with meaning negotiated
with others.Therefore,Vygotsky disagrees with a more cognitivist wievhich sees knowledge as
appearindirstinthei n d i v middardthendsingthatknowledgen thesocialplane for interaction,
communication,etc. This Vygotskian view that meaningis constructedalso pointsto afisoci al |
scaffoldeddevelopmeni [23] of language skills involving actiereaction and feedback. Cognitive

learning theory as mentioned above, emphasises the importance of a range of inputsflubiatein
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learners and is keeping with Vygotsky24]a n d L e ¢24]t[25,pVv362)y i ew t hat Ar e a

key factor in the pedagogical development of the mind. From this stamtdpeontiev differed slightly

from Vygotsky who focused on the tools of learning rather than the activity, motive and purpose of the
experiencg24]. While Leontievfavouredafocuson activity, healso(alongwith Vygotsky)emphasised

micro genetic (appropriation and internalisation of language through social intergg§ijop. 231},
ontogeneti¢theway languageadaptsasit is acquireds, pp. 4, 520Jandphylogenetiqtheway language
adapts to soocultural environmentR7, p. 24) development.This could be considered amigiricist

point of view which sees knowledge resulting from interaction with the world rather than the idea that
knowledges innate(Rationalist).The demarcationines betweemsychologicatheoriesof learningcan

be difficult to discern as behaviousstend to be empiricists (Locke, Humand cognitivists (in
psychology) tend to be rationalist (Kant, Descar{@8] however, CL while interested in the mental
processes which create meaning, embrace the empiricists view and attribute nogptst@mbodied
experiencgl5]. Theunified experiencef mindandbody interactingin theworld (embodiedaction)forms

an essential padf the creation of highelevel cognitive skillssuch as reasonirig@5].

Further theresearchiocuseson Englishprepositionsvhich areoften polysemicwith multiple meanings
attachedo aword or phraseThesemeaningsarenot randombut reflecta networkof relatedbut unique
meanings which in turn reflect the human experience of them. This semantic network is theorised to be
organised around a primary (proto) meaning and reflect conceptual structures already created fron

experiences in the worl[@8].
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2.4 GestalandCognitiveLinguistics

In theGestaltheoryof perceptiori29, p. 87] [30] items,objectsandexperiencearegrouped. Grouping

can be associated with movement, i.e., items which move together are grouptedcalctr, shape and
proximity. This grouping is a process which helps us make sense of the world asamathformsour
interactionsandexperiencesGroupingis saidto be perceivedspatiallyrather than in a flat visual array

[31] (i.e., in 3D rather than 2D). In the Gestalt image schema, the brain, body, and physical environme
act together to create a grouping of our surroundings. Gestalt psychologists also describe the experienti
processes through which we convert actions into an understanding of abstract da8cgpt69] The
physicalsensationsf interactingwith ourenvironmentelpusc r eat e an fii mage sc he
by Metzge[32], and applied to linguistics by Lakd83] where we and the objects around us are ordered

in an imaginary relatiorsp with each other (another form of groupin@)isisdescribedby thecognitive

linguist Talmy [31] whereheidentifiesa differencebetween théi f i giwm a seemeandthei gr ound o
elementgainstwhichthatfigure shouldbeviewede s senti al ly Agrouping by
per cept uall2. iHoweveras Keiee[3] points out many sens@seanings) of a preposition
represent the unfolding scene and so are dynamic, rathestdtamHis exampleis the comparisorof

thesetwo sentencest) | walkedoverthefield; 2) | walked
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over the field to reach thehouse. Twaodistinct senses othep r e p o s i t aredefined dwteer 0
unfolding sceneAccordingto TylerandEvang27], fio v ehasb4 differentsensesKigure4) all of which
require context for accurate interpretat[28pn. T
[35], [36], usingtheideathatthemeaningsrelinkedanddynamic andreateshallengegonsistentwith

the Gestalt theory that experiential processes convert actions into an understanding of abstract concept
Essentially, if prepositions are not experienced as an unfpldontext, they can be particularly

challenging for L2 learners.
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2.5 ProprioceptionEmbodimentEnaction

To conceptualiseurworld, we createamentalschemaasdescribedn Figure 3 andto dothiswerequire
aperspectivevhich naturallyis personato usandrelativeto our positionin theworld. Thefeeling and
awareness we have of the position of our body in the world (proprioception) help to shape our schema
which in turn shapes our conceptual understanding, i.e. we see and understaoddHrom oumpoint

of view [37]. Phenomenologicallthewaywe experienceheworld aroundusandhow it
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changeswhen we interact with itis explained by cognitive linguistics (CL) as the embodiment of
language concepts, i.¢he combination of speech, gesture, and interaction, and is an important part of
makingsenseof theworld or creatingmeaning CL usesa symiolic systemof spatialreferencdo create

a hierarchy of objects when describing prepositi@7s p. 12] This system defines which items are to

be compared, based on spatial position and context. For exampllee context of a hummingbird
hovering over a flower, the hummingbird is the focus of our attention and consideregjghtot. Its
ongoing actions amneasured against the flower, which is considered the landmark, and in thibevay
context of the unfolding scene helps the observer identify which preposition to use. This is consistent
with the gestaht ndé&ramatleoréti€al pgint of @iéw, this research relies on

the conceptof proprioceptiormandembodimentndtheir role in cognitivelinguisticsasjustificationfor

the design framework and the environments used to test iteXpextation in the hypothesis that the
environmenwill leadto agreatemunderstandingf conceptualanguageaestsonthe groupingof correct

and incorrect items based on their context, the similar movements of those items which reinforce those
groupingsand the position of the participants. It also depends on the partisipa@taction with the
environmentAs previouslymentionedspeechgestureandinteractionarepartof CL theory.In support

of the cognitive approacldlynamic interaction between actors in an environment (Enaction) has been
shown in cognitive psychology to enhance mem@§], [23, p. 304] This dynamic interaction is
demonstrated in the research environments challenges where items respond to their position and th
environment itself responds to changes. A small learn, practice, master loop (also known as the
interactonloop) [39, p. 260]is alsoincludedin thechallengesvhereeachof thetasksmustberepeated
correctly fourtimes.This is intended to act as conceptual reinforcement whememonstration othe
concepis enactedy the participantimorethanonce. Thisis notanattempto createa conditionedeflex
associated with Pavlov, Watson, Thorndike, Skinner and Bandurgd4f]aj41], a common form of

habit formation in the classroom since the 1920s. The behaviourist approach to repetitive processes as

methodto createhigh-fidelity reproductionsof A k n o w | a pdegaeniancesayslittle aboutthe
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internalprocessewhich establishmeaningn thel e a r mirdrRétlserasCL seesognitiveprocesses
and language as linked these repeated tasks are an opportunity for the participant to experience ar

interpret thesense.

2.6 ContraryTheories

This research applies cognitive learning theory (CLT), which suggests that people learn from their
environmentfrom what they see, how they interact, and from the consequences of their [@&][84,

[43], [3]. It is also informed by sociocultural theory (SCT) and the ideas of Leowtievsuggests that
nreal l i feo, a short phrase which describes hi
interactions retain their relationship after the activity has ceased, is a key factor in the development of
themind [24], [25, p. 362] andthoseof Galperinwho suggestshati ma t e r acters(usshgnbdels,
simulations, animai on s , 4] are meeessary to create new types of internal psychological
activity. It relieson Ga | p eextensigngf Vy got 8 K p df ®roximalDe vel op me ot 0 (
include the interactionbetweenteacherand learnerand the creationof activities which support the
psychological transfer of external activity to internal conceptual understa@ding. meaningmaking

through activity. There may be a link betweenthe SCT lens of mediation (a bi-directional social
interactiorto negotiatéo meanandtherelationshigetweernheparticipanin thisresearclandtheadaptive
environment, i.e., the feedback given by the environment could represent a simple form of mediation.
Learningin adaptiveVR is alsopossiblyconsistentvith constructionistognitivelearningtheoristsvho

explain the acquisition of knowledge as the result of inductive learning (generalisation from examples)

as proposed by Carrdi4].

The research attempts to avoid applying behaviourist theory by making the solution to each challenge
different while using the same icons, objects and processes in the execution of the challenges. Whilg
there areseveraltheories specific to the acquisiiof language, ranging from those who sugdest

languages a manifestatiorof themoregeneral skillof symbolicrepresentatiofike Piagetor Skinner
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[27], and those who consider language too complex to be learnt from environmental exposure, like
Chomsky[45, p. 44] this research adtgpa contrary position to the coherence princ[glg [47] and
cognitive load theorj48][49]i [51] which suggests that people learn more effectively when not distracted
by extraneous factor#n fact, in attemptingo createa facsimileof reallife theresearcltadds

noise in the form of the sound of the wind and backgraledhents such as colour in the use of-day
night cyclesandbackgroundbjectsandmovementNoise,colour,andmovementreusedasfeedback
bothnegativeandpositivefollowing participantactions.Thereis anaturalconflict betweeranimmersive
environmentanda focusedeachingenvironmentndattemptgo reproducehe me svo y Wwidchis

real. These issues are addressed further in chapter 2¢age

2.7 Second.anguageAcquisition

General learning theories compared to language learning theories differ in the way they propose anc
theorise learners process information. Most general learning theories favour the aoqaisdio
applicationof rigid rulesof meaningwhich canbe appliedin a definitive corrector incorrectmanner. In
Linguistics it is common to apply meaning to symbols, studying what can be understood from the
application of knowledge (in this instance, werhd grammar) in a more dynamic conteXagnitive
Linguistics (CL) incorporates theories of meaning, linguistic organisation, learning and conceptual
structure. Under this umbrella, Universal Grammar (UG) Theory and Autonomous Induction Theory
(AIT) are mostly rejected in favour of general learning mechanisms [49] which suggest that humans
conceptualise meaning through their embodied experience of the world. Cognitive Grammar (CG), a
theory within CL, suggests that meaning is held in symbolic unikerdhan a system of rules. The
research environment attempts to align withl§jitreating everytem orobject as aymbolicunit with

dynamic meaning based on activity or context.
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2.7.1.EnglishPrepositions

L2 learnersftenhavespecificdifficulties understandinghe useof Englishprepositiong2. 4) [52]i [56].
Linguistsandpsychologisthaveexplainedhedifficulties by describingseverakontributingfactors for
example 1) Native gramma(L1), knowledge conflict with L2 rulefs7, p. 4] 2) English prepositions

are syntactically idiosyncratic, rarely following a predictable pat{g8}, 3) Many prepositions are
semantically polysemic resulting in multiple meanings dictaltgdcontext[7, p. 445] 4) Often tle
preposition will not contribute substantially to the meaning of the sentence compared to (incorrect)
alternatived58, p. 196] 5) Morphologicaly prepositions are difficult to recognise as they can contain
few syllables and can be difficult to identify in sped&i8]. 6) L1 languages may have no direct
translatiorfor theL2 preposition59]. 7) Culturallexical priming cancreateconfusiorwhencommunity
traditions defining semantic associations differ substantially from English semantic asso¢ttjgns

55]. 8) Structuralpriming (whereL2 speakersepeathe structureof the sentencdieardpreviously),can

be confusingly incorrecas prepositions are syntactically idiosyncratic as previously noted in {ighh 2

As well as presenting a learning challenge prepositions are notoriously difficult tg 7¢d&8], [62].

Tyler & Evans[35], note that some traditional teaching approaches emphasise core meanings of
prepositions rather than their abstract meanings, leaving most of the meaning untaught. English
prepositims are extremely polysemic in their use outside of their core meaning and purpose, yet they
often have very little pragmatic meaning compared to the rest of the sextieeygeare used in. This
polysemy is context sensitive, making them uniquely diffi¢oit second language learners to grasp
through traditional rote teaching. When the differences in meaning are seen as idiosyncratic variations
which must be committed to memory, the procekstearning them seems more difficult than if the
difference simplyrepresents a new level of conceptual organisation as described by [Z3ofA
PC/VR-based platform for teaching allows two clear advantages: the ability to conceptualise the spatial
experienceequiredto understandhe symbolicmeaningof prepositionsandtheability to enactchanges

to the environment unique to the learner in a seemingly physical manner.
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Part Il

3 Learning Mediated by Digital Devices

3.1 Summary

This section discusses the role of digital devicessasatitute for realife experiences. While learning
theoriesdescribeherole of interaction experienceandfeedbackn therealworld duringtheacquisition
andapplicationof newknowledgeijt isimportantto recogniseanddescribehedifferencesetweerthese
reatworld experiences and the platforms on which games, which simulate those experiences, are
developedin thisresearchhe expectatiorthatthelearningbehaviouradaptedy anenvironmentanbe
simulatedoy aPCor VR environmentis central.In effect, therearethreeworldsto considertherealworld

where change is intended to be enacted, the PC environment, and the virtual reality environment. The
gameenvironmentareintendedo providea similar problemsolving situationto therealworld andact

as learning agents providing a safe spacthigparticipant to experience success and failure. This section
explores the limitations and advantages of these environments as well as discusses the methods ft
interactionusedby theparticipants. Wherpossiblethechallengesnd interactionsf thegames ar¢he

sameon both platformshowever, the user experience on each platform may differ and this may affect

the learning outcomes of the different groups.

3.2 GameEnvironmenformats
The most common format for educational games is the desktop version with the féatisgreen
keyboardandmouse Lesscommonis the virtual reality (VR) versionwith a headset antlandcontrols.

This research uses the same gamaterkon both platformg-{gure5).
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Figure5. PC and VR Environments

3.3 Immersive& AdaptiveLearningEnvironments

Schrader[63], defines i mmersive | earning environmen]/
technol ogy and | ear emphagizegognitide erngagenrent cdnsistent with dhe d
descriptionof cognitivelinguisticsasdescribedn section2. 4. He suggestshatwhenau s e actirss

within virtual spaces are inseparable from their cognition, then they are functioning, learning, and
interacting, within the technologyednett et aJ64] in their attempt to quantify immersion suggtsit

pl ayersé | evel of absorption in a game, t heir
flow (a psychological state where the play@xperiences the game aesthetiésyyre 25), excluding
external stimuli, may all be points on a scale of immersion. However, they draw a distinction between
flow which requiresthe playerto haveanunderstandingf goalsandimmersionwhich doesnot. In this
researclgoalsandthereforeflow isimportantasis immersion.Playerfocus,their sensef challengeand

their disassociation with the real world [ibid] are considered necessary tools for creating a learning
environment which is consistent with cognitive linguistics theory. As such, the Virtual Reality (VR)
version of the game which uses Wietual Reality head and hansket known a®culus (a headset worn

by the participant which gives a 3D experien@f@pure 6), is more likely to createan immersive
experiencehanthe PCgamewhich operates in a screen based, 2D form. The game developed for the
Oculus aimed to mic real life by translating heathdhandmovementsnadein reallife into thevirtual

environmentthereforeoffering someof the
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cognitive benefits to learning described in sectonrt. Also, the tasks were designed to support the
hypot hesi s that @ maz ewillingpilove soacegptualnderstanding and §ss esult i o
improve learning outcomes. Immersion is intended to encourage a user to engage with the game b
integrating the environment, its context, the narrative, and the objectives of the game so that the
participant can have meaningfateraction within itf65]i [67]. The design and implementationsefch
principlesin thisresearclaredescribedn Chapter. Immersionis mostapparentn virtual reality where

the cognitiveengagemenf the playerwith their environments closeto arealisticrepresentationf the

world. Movements and actions provide an element of representational fidelity and support embodied

experiences.

Dalgarno & Le€][68], in their paper discussing the learning affordances offered by 3D environments,

suggest some defining characteristitalfle2). See als§69]i [72].

Table?2. Distinguishing characteristics of 3D Environme}@8]

Category Characteristic

Realisticdisplayof theenvironment

Smoothdisplayof view changesandobjectmotion

Representational | Consistencyf objectbehaviour

fidelity UserRepresentation

Spatialaudio

Kinestheticandtactileforcefeedback

Embodied actions including view control, navigation and object

manipulation

Learnerinteraction | Embodiedverbalandnonverbalcommunication

Controlof environmentttributesandbehaviour

Constructiorof objectsandscriptingof objectbehaviours
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Interactivetechnologyis becominga naturalpartof oureverydaylives, andits usein educations already
ubiquitous.However,VR platformsrepresenonly 29% of the consolemarket[73], andeducationaVR
gamesrestill relativelynovel.Dalgarno& Lee[68] suggesthatV R dnsmersivequalitiesappearo be
superiorto screenbasedlternativesasthehapticsthandmovementsare morenaturalto the participant,

less obtrusive and therefdess distracting. When learnitngchnology is no longeat the forefront of a
participantos perception, whether it i s accept
learningenvironmentjtisfi a mb iaedenmpoweredy its invisibility. Thisis becausehe adjustments

or contributionst makesto thelearningprocesgyo unchallengedn the participant cognitiofiv4]i [76].
Augustoet al [75], describeambientintelligenceasfi a s s iin@$ensiblgv a y{47], implying thatthe
environmentcan recognise when it is allowed or appropriate to help, and it does this automatically
without external interventionAugusto et al [Ibid], generally describe physical systems and specify that
ambient intelligence as a principle should not adjustappearance and atmosphere okthgronment.

This research diverges from Augusto in thatrdsearch platform ot onl y adj usts th
at mosphereo but I n some cases atbdcurrend hcyeptantetofe mp
technology in daily life it may be possible that participants will accept the environmental chasges
naturalactorin the learningprocess. Participant acceptarcmild be further challenged by the use of
positive and negative feedback logpgding participants through diegetic changes, ite more overt

the changes the more the game reliethep ar t i ci pant 6s acceptance of
not consistent with the real world. This apparent contradiction might be addrestesl desigrof
Intelligent Tutor Systemg78], [79], [80, p. 12] Intelligent Tutor SystemgITS) andIntelligent Learning
Environments (ILE), i.e. those which adaptthe learning context, participants, and available material
[81], deploy a range of approaches to tailerknowledge to participant ability. For example, adaptive
workflows [82], pro-active queugnanagemensystemg83], semantically adaptiveeb-based systems

[83], and artificial control systems for simulated humfa#g. These approaches all deploy a collection

of reusableactivities known as learningobjects(LO) and an elementof contextual
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matchingoetweerparticipantandmaterial IL Espredominanthyusepastperformanceombinedwith LO,

to identify participant learning needs and adapt accordingly. This research adopted some of these
approaches to make the environmental changes less overt; for example, extending the narrative c
repeating LOs. These changes are consistent with an adaptive learning environment, although it could b
argued that they change a central feature of that environment i.e., the environment itself, rather than th:
physical interactional objects. This coulé lbonsidered a divergence frdhe cognitivist view that
interaction in this casetheinteractionwith objectswithin theenvironment, is a way for L2 learners to
verbally engage with mediatof85, p. 391] These mediators are normally teachers or peers helping to
co-construct the language and represent what cognitivists see as the social ohdamguage

developmenthowever|n this casethemediatorsaarethefeedbackmechanismg the environment.

Usercentric models which focus on the | ea8hing
adaptationof ear ni ng environments f or c[21p 24swenmaryaf t h
e-Learnng characteristics, vary in their approach to adaptability. This variation ranges from the
participantchoosingthe learningmaterialto the environmengffectively choosingthe learningmaterial

based on the perceived needs of the participant. In thémnadgsthe entire platform adapts to the
participant interaction. This fixed approach enables the environment to change quickly-timeeal
because it is not attempting to learn from the participant currently participating but from an already
programmedlueprint. Theremaybearelationshipbetweerspecificprofile traitsof participantssuchas
genderr age,andcomfortwith or attitudefor interactingwith computersn alearningenvironmentnd

this is taken into account in the analysis (see se8tigh

3.4 LearningMediatedby Virtual Reality

Virtual reality (VR) is a representation of a digital world in 3D seen through areadted display

(HMD) worn by the participantandinteractedwith throughhandset®r virtual handswhich mimic the
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effects ofreallife interaction Figure §. It gives the user the impression that the world they see is real

and it allows the user to interact with that world according to what apieebe realworld physics.

O

Figure6. Oculus Rift Example of VR headset and handsets.

If a virtual world is designed in such a way as to convince the user that it is real, has substance an
represents a meaningful interactable environment, it is considered to be imr¥3%iy68], [72] and

could besaid to portray a manifestation of a conceptual structure. Because MRdseas i gned o w
represents a coaptualised viewf thed e s i gmpeessidrsothe world. Cognitive Linguistics (CL),

which focuses on the mental processes which create meaning and function in language, is ecologicall
consistent with a VR learning environment as ¥&hrepresent meangnwithout being restricted by
reality, in the same way as the mica@ncreate conceptual meanifitg]. The affordance of VR i.e. its

ability to represent an immersive worldoempassing user actions and consequences aligns with the
arguments that favour the idea that exposure to environmental factors is crucial in the process of languag
acquisition and more specifically Cognitive Linguistic theories. As mentioned in s€ctHrvVR also
reinforces Embodiment (our perception of ourselves at the centre of the world) and encourages interactio
which is described by Enaction theory as helping the participamdestandandlearnfromtheirtasks

[21]. Hazelder{15], in herdiscussioron Enactiontheory,suggests thdtumancognitionis interactiveand
meaningconstructiorcomesfrom our interactionswith theworld around us. This view combined with

the affordances of VR is representeddigure?.
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3-D VIRTUAL LEARNING ENVIRONMENTS
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Figure7. Elaborated Model of Learning in Virtual Environmefi9]

By establishing a framework for environmental changes and building a VR world based on that
framework, this research empirically measures the effects of VR on participant learning outcomes and

compares these with screbased copies dhe environments as described in sec8on

Becausen VR theparticipantis immersedandcentredn their virtual world thereis a seeminglynatural
relationship between theapparent sensory experience and the conceptual structures around them, in
effect the conceptual structure is embodied. We are all in effect immersed in a world of language,
constantly deriving meaning, and-constructing meaning with othef85], [89]. Interacting with
immersive virtual worlds is ecologically consistent with realrld engagement and in turn with active

learning strategies and the Interaction Hypothesis of second language acq@3]iifgi].
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The Interaction Hypothesis is concerned vhithw participants negotiate meaning through discourse. The
participant is seen as active learner using information, they already carry with them from their own
experience to imract with their world which agrees with CL which acknowledges the importance of

motivation, beliefs, contexieaningfulnessand social interaction to the learnipgpcesses.

It is widely understood that comprehensible and appropriately contextualzendsanguage input is
necessary for learning to take pldée, p. 164] and the ability to provida context in a virtual world
should prove beneficial i n teaching a second
interpretation of it. Forxample, in VR there are two sets of conceptual structures at play i.e., there are
two points of view interpreting the virtual world. One is the designed world, primarily the world as it was
intendedo bewith theaffordedactionswhichwereintendedor theuser.Theotheris whattheuser sees

and constructs in their mind i.e., the cognitive semantic version of conceptual structures. This includes
how the user with all their experience and understanding creates linguistic mga&jingR supports
embodied cognition becaugeallows interaction with theworld [7, p. 452], [15, p. 27], [93, p. 157]
permitting existing mental schemas of bodily experience to be overlaid onto the virtual world. VR is
further abl e t o iesrce of thecorseguenceseof thes actiossdn aeirtupl evorld by
utilising bothnegativeandpositivefeedbackForexampletheconcepffi o v e r is argptesentation

of thepassingf time,andin VR thedaynightcyclecanbeacceleratedothatnightpassesnorequickly,

in this way the participant can experience the consequences of their actions, learn from them and mov
forward. The dainight cycle can be accelerated so that feedback is immediate, and consequences are
more easily linked to aans, thus giving the user an embodied experience, which resembles real life
while the conceptofiover ni ght o, al though artificially a:
affordances of VR for representing concepts it is possible to apply the mment to teaching English

prepositions to L2 language participants.
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Contextualisedaskswithin VR canalsobe usedto addressocioculturafactorsin languageacquisition,

and context is of central importance when combining VR design elements for a learning environment.
For example; embodied action on a meaningful task requires context (or theme) to prioritize elements
within the world[25] and to help the participant to predict the consequences of their actions. Their
predictionswill bebasedntheir socioculturainterpretatiorof theworld andthe mentalprototypeshey
haveavailableto them(Prototypesonstitutementalrepresentationf94]). Contextandfeedbaclkarecore
elements of the motivational system (see Modality.it®) within a VR learning environment as they
attempt to drive understanding by offering the opportunity to repeat the challemgel senes. While

this may seem on the surface as behaviourism, the complexity of interactions with tasks and feedbacl
systems goes beyond stimuli and response and relate to the mental processes creating meaning throu

sensory interaction with the (virtavorld.
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Part Il

4 Game Design

4.1 Introduction

A seriousggameintendedo teachthe prepositiomi o v wasareatedon two platforms,PCandVR. The
game consisted of twelve desert islands and the objective of the player was to move to every island ir
turn by completing physical challenges with thigiects provided on each island. Tlearninggoal was
to understand how to correctly use the objects on the island i.e., demonstrating the correct form of the

preposition (chaptet. 3).

The PC game had two statéslaptive and Statig the VR game only hadneadaptivestate.Adaptive
describes an environment in which the items the player can interact with, turn to face theraritiey
correctchoicefor the challengeandturn awayfrom themif theyareincorrect(chapter4. 9, chapter4.
12). Thisis not explainedto the player,it is inherentin the game.Whenthe playermakesanincorrect
choice in theadaptive environmerthe atmosphere changes, e.g., the wind increases, theglhdycle
starts and hvangedhe scendo night-time and the sounds of a more distindgpenvironment increase in
volume (Chapted. 12. Essentially, th@adaptivestate resulted in the game adapting to the actbtise
playerby giving feedbackhroughchangesn the environmentthe Staticstatedid not provide feedback.
The game itself presents the player with different challenges which reinforce the different meanings of
i o v ia aspecific context. During th researchthe COVIDpandemiaestricted irRperson research and
so the PC version was developed as a remote challenge and emailed to partidignecessitated

specificadditionsfor the PC gamesuchasa tutorial, written instructions, and email ¢dnical support.

This section describesow the game was created, the design elements it contains and the reasoning
dictating design choices. An environment which is designed to improve learning outcome® beeds
ableto engageheparticipantsothattheyremainfocusednthelearningtasksandwillingly interact with

the environment. When it was reasonably possible to measure the difference between the game platformn
and their associated learning outcomes, it was important t@mrelifferences in the game itself, its

feedback mechanisms, ahdw it represented interactions, from becoming contributing factors. The
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variation in cultural backgrounds, age of participants, and experience with computer gaming also had tc
be taken int@ccount as, if the game was too complex it could affect participants disproportionately. For
this reason, the game was deliberately basic so that the participarezpenencethegamedifferently

on different platforms, were essentiallysolving the sane problems in the same way, with the same

forward-moving linear narrative.

Creating an environment which fosters learning in a world of rapid change, arkigiver participant
expectations could be considered the teaching challenge of ouf9&ijneGames provide experiences
with which we choose to engage. They are voluntary, personal (thougrecegsarily individually
experienced)and necessarilghallengingf they areto be considered genuineseriousgame[39], [96].

Seriouscomputergamesandpedagogycould be consideredssociatedasthey both attemptto convey

meaning through experiential ampdoblembasedlearning. In this researclthe game platform itself
replacegheteachemasfacilitator andprovidesa frameworkto guidethe participanthroughthelearning
process, while at the same time the participant retains some agency and is responsible for their progre:
[97]. Unlike asimulationor presentatiomvheretheparticipanis passivethisplatformrequires participant
interaction, and in thedaptiveversion (only) it actively provides positive and negative feedback
dependingn t he | evel of the partici panmheléasningpuocesse s s .
incorporatednto the g a m aésignis closely alignedwith operantconditioning,it goesbeyond the
behaviourist stimuli and reward or punishment scen@p as described in sectidh 4 Motivational
processesvhich affect learning are thoughtto be influenced by cognitive mediatorswhich utilise
participant interpretations of situations and evdf@®, (this view aligns with cognitive interaction
theory). When a participant pursues goals through a cognitive task they are said to be nimtivated
achievemenf], [99]. In theadaptiveversionof thisresearchasfaraspossiblef eedback i . e. 0
punishmentsjs provided primarily through ermonmental changes. These are not proxi(maimost
cases)andthe consequencefor failure are primarily the failure to move forward (loss aversion), as

opposed to the use of an aversive stim{423.

The resarch platform as with most serious computer games isg@aited, focused on gaining and

keepingthep a r t i atteptianmdongnotivatingparticipantso progressTheseattributescouldall
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be considered method rather than thdmmged approach¢d7], and as a resylthe implementation of
gamebased methods need not invalidate the pedogeological theory underpinning the platform design.
Kirkpatrick [100], suggests four levels for evaluating teaching programs which may help appraise the
gamebasedearningenvironmentsLevel oneexamineghereactionof the participanto, or satisfaction
with, the |l earning platform. Level two measur e
training increase the participant 6sreantiposttasit y (i
Level three is focused on the transfer of behavioural changes in the participant i.e., do they implemen

theirnewskills afterthetraining.Levelfour suggestsneasuringheresultsor benefitsto the participant,

which might beconsidered in this research as improved esteem and confidence, increased engagemer
with the language, and increased opportunities resulting from competence. Batineeland four

would require a tima&lelayed questionnaire, would be qualitative amdrant included in this research.

Throughouthis section,gameuseandlearningenvironmentdhiavebeendiscussedsif theyareequally
accessibleSomeresearch has showhat specific antecedentmits, such as affinity towards computer
gamesgconfidencewith gameplaying,andcomfortwith gameactivitiesmayinfluenceoutcomeg101].

In this research some profiling information was collected so that test scores could be compared with
general traits such as age, gender, and education, and tested for significant variations and influenc

through factor analysis.

4.2 DesignProcess

The design of this teaching environmefigure 8) was informed by research into the design of
educational games and the creation of flow states. Designing a game with a theme and narrative not onl
gives it realworld relevance[102], helping the player to relate mistakes and corrections to past
experienceshutitalsoem bl es t he p[l08Bywhich istaroimportant pspett of motivation,
driving the player to the next challenge regardless of how difficult they find the task. Hap1€34l.
suggest that emotion is a key motivatogames based dorward-moving narrativesand may account

for the continued use of applications (in this
user involvemento which is also positively ass

feedback. The caent of the challenges arises from cognitive linguistics thE8ly [94], howeverthe
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design of the challenges is informed by the motivation intensity ni@6é] in that it seeks to avoid
cognitive overload and a disproportionate femkard balance. i.e., the player should not see success as
unlikely and theradre does not want to expend effort on it. This is a counterpoint to the function of
Ahoped and informs the balance in the design c
[105] (a state of cognitive absorption) by creating clear goals (the islands and challenges are all visible),
immediate feedbadfall actions receive feedback) and a sense of control (no time limit and no movement

restrictions) for the playemhe design of the game attemptsriclude[50]:

Cognitiveconsequencdocusedonwhatis learnedby playingthe game
Media comparison:was the game better than other teachingmethodsat delivering learning

outcomes

1 Addedvalue:focusedon featuresof thegameandtheir effectonlearning
Thisresearchattemptdo measuravhathasbeenlearnedthrough player demonstration. The player must
correctly enact the solutiodemonstrating their understandig the solutionand their ability to

reproduce the solution

Game Type

Theme Content

Teaching Objective

Interface
Narrative Challenges

Mechanic
Feedback

Figure8. Design Model

All game designprocesses begin with a definition of the intended player or the target audience. In

designing Serious Games (SG) for education this is driven by the teaching objective. In thisecase
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target audience isindergraduateind postgraduate participants wheeat or attended an English
speaking university and speak English as a sdtmetgn languageUnderthese requirementshis
audiencevasinevitablybiasedowardsyoungerparticipantsn tertiaryeducatiorwith anexpectation o
high degreeof English fluency. Therewasnofirst languagecriterionevidencedy Figure69. Erhel et al
[50] in their paperon instructions in educational compugamesoutline three steps to meaningful
learning:

1. Selectingelevantincominginformation

2. Organisingnformationinto coherentognitiverepresentations

3. Integratingthe cognitiverepresentationsito prior knowledge
They suggest that the cognitive demands of an educational game and the instructions given affect how
these are achieved and suggest that extraneous cognitive processing is caused by poor instruction

design.

This research design avoids extraneous text inside the game wherever possible. While the initial effec
of thisis to reducehepotentiafor misunderstandingpstructionsgiventhevariednumberof participans

cultural backgrounds, the primary intention is to encourage the participants to be guided by the game
design and narrative, with reference to cognitive learning th@diy[18], [35]. In doing so cognitive

load is reduced.

The level of familiarity with technology was also assumed to be fairly high compared to the general
population. Participation in the remote version of the research may have deksedectingriterion as

to participate the participant was required tovdload and install the game onto tHe¢.
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4.3 ChallengeDescriptions
To help contextualisehe designelementsdescribedn later paragraphshe challengegshemselves are
described below. Torecapigured) t he senses (meanings) of Mndovel
cover,otherside,fallen (reflexive),repetition,focus,complete peyondtransfer preferencecontrol and

time (temporal).

The protesense challenge required the player to select items which were capable of hovering over the
targetboxeslin thePCenvironmentthe player couldtandn thecentreof theislandand ushgthemouse
cursor,pick upanddropeachitemontoabox. In theVR environmentthe playerhadto walk to the table

shown inFigure9 on the right, pick up an item and walk to one of the boxes in the foreground on the

left, this made the VR process slower when compared to the PC envitonmen

| Hover the tems 0]

over the boxes [J

Figure9. Challenge Proto Sense

The excess sense challenge required players to remove the excess coconuts from the boxes as showr
Figure 10. With the PC environmentthe player couldtandin the centreof theislandand simply click
with the cursor on each of the excess coconuts to remove Wémthe VR environmenthe player

needed to walk to each box physically grab the excess coconut and remove it.
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Coreet the overtl

Dokes

Figure10. Challenge Excess Sense

Thecoversensehallengeaequiredthe playerto takeitemsfrom thetableshownin Figure11 ontheleft
andusethemto coverholesin the boxeson the right. Again,the PCplayercoulddo thisfrom a standing

positionwhereaghe VR playerneededo walk overto thetablepick up acrabandplaceit overtheholes

in the boxes.

Place the crabs over

the holes

Figurell Challenge Cover Sense
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Theother side sense challenfégure12), had a slightly different mechanic foret?C environment in

that when the player selected an item with the cursor, instead of the item moving towards the player sc
thatit washeldin animaginaryhand theitem movedto a centralpositionoverthewall. Whentheplayer

moved the cursor over one of the boxes on the right of the wall the item then moved from the central
position over the wall to the box. This design was created so that the player had a very clear sense c
moving an item over to the other side olaadmark (chapte2. 5. The VR player had to walk to the

table and carry the item around the wall to the boxes.

\
*|m

Move the items ove

the well

Figure12 Challenge OtheSide Sense

The reflexive challengeRigure13), required the player to select the fish on the table which had fallen
over andplace them on one of the boxes. Again, for the PC playeas possible to complete this task
from a central position whereas the VR player needed to walk to the table pick up the correct item and

place it on a box.
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Choose thefish which

— have fallen-over

Figure13. Challenge Reflexive Sense

Thechallengdo repeata pattern(Figure 14), requiredthe playerto placethe correctkind of bird in order
ontheboxes.Dueto thesize someboxesin thefi o r d echaillemggRC playerswererequiredto move
around this island to complete the task. VR players needed to walk to the table on tharikide

pick up a bird and then walk to the correct box on the left.

Create the pattern

over and over again

Figurel4. Challenge Repeat Sense
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The focus challenge required the players to spot the difference in the fish on thEitablels). Todo
this boththePCandVR playersneededo movecloseto thetableandfocusonthefish. Once they had

decided which fish were the odd ones, theyldselect them.

Carfully ook over he fin
and lck on he odd one

Figurel5. Challenge Focus Sense

ThecompletechallenggFigure16) neededhecrabto bemovedthroughacycleof boxesmarkedfistarb,
one,2, 3, andfifinisho. The PC playercouldcompletethistaskby standingn the centreof theislandand

not moving whereas the VR player needed to go to each box and place the crab on the top of the box.
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Figure16. Challenge Complete Sense

Thebeyond challengeH{gure17) was significantly different fothe VR players. Itequired items to be
takenfrom thetableandthroneoverawall. Forthe PCplayer, this processimply requiredthemto click

on the item and then click somewhere over the wall and the item would then fly in that direction.
However for the VR player, the actionwasto pick up anitem andthrow it exactlyastheywould in the

real world.

=
H.

Throw the items over
the wall

Figurel7. Challenge Beyond Sense

ThetransferchallenggFigure18) involved collecting items from eock and transporting them across a

bridgeto abox. Again, this challengecouldbe completedoy the PCplayerfrom the centreof theisland.



49

E N
Move the items from the
rock over to the boxes

Figure18. Challenge Transfer Sense

The preference sense challengégure19) required the player to select a food item other than coconut
for the birds sitting on the rocks. When the correct item was selected the bird would hop from the rock
ontotheboxandstarteatingor peckingatthefood item. Again, PCplayerscouldcompletethis from the

centre of the island without moving.

Birds choose to eat fish or
Inects-over covonut, Help

(hem-choose what o eat

Figure19. Challenge Preference Sense

ThecontrolsensehallenggFigure 20) requiredhePCplayerto click onbirdswhichwereflying around

atree.Whentheywereclicked,thebird would stopflying andthe PC playerwould be ableto movetheir
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mouse cursor over a box to place them. The VR player needed to catch the birdsin and when

one had been caught, the bird would cease to fly and remain still whilst they moved it over to the box.

Takersonirol over the birds

= place them on e s §

Figure20. Challenge Control Sense

The final challengeRigure 21) required the player to understand that there was a difference between
fiduring the dagandfduring the nighi. All of the items on the table tbe playe® gght could be placed

in the chest aanytime, howevertheywould only remainthereif theywere placedduringthenight. On

this island the day-night cycle wasautomaticandvery quick sothat the playerhada senseof the day

turningtonight and the night turning today.

(U

Place the items in the chest
over-nigt

Figure21. Challenge Temporal Sense
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4.4 ThemeandContent

While as previously mentioned the content is deliberately minimalistic (seti@rthis research does

in some ways adopt a contrary position to cognitive load thia&)y [39], [41], [42] because in the
adaptiveversion it adds environmental activity the game. However, it also has to ensure that the
participantodos focus on t he c ha lFigue2s was used asnthe n t
game backdrop fosimplicity. The structureof the platform is modularand designedo it can be
transferred to multiple settings. Only visible proximal objects are legitimately related to the challenges
a feature which is intended to reduce distraction. The player only has access to one island at a tim
encouraging focus, as the player can only affect the objects close to them and can only attempt on
challenge at a time. In thadaptiveenvironmentssome objects react to the player providing feedback
however this is limited to proximal objects only. Environmental feedback is generalised not centred
around any challenge and is also only activadaptiveenvironments. The challenges themselves are
intended to be complex enough to maintain the participamerest while avoiding actions unrelated to

the challengegl02], [103], [104, p. 2]
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Figure22. Island Theme

Thechallengesvhich makeup thecontentof thegamearedesignedo allow theplayerto enactthesense
(meaning) of the preposition fA &vleTheyale actietehded n ¢
to increaseor decreasén difficulty asthe participantprogressedyut simply representhe conceptobeing

taught.

Designnotes contentfidelity, only flow relevant challengeis the gamej102], [103], [104, p. 2]

Aligning a game design with relevan@ataing theories is challengingigure 23 shows an attempt to
bring togethetthe gameactivity with themechanicsgdynamics andaestheticef thegamedesignaswell

as grouping them with related theories.
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Humanist: Focus on the individual, Individual self motivated

Constructivism

Active Mechanics Process Dynamics Factors Influencing Learning
Sorting, Ordering, Collecting... Searching, Selecting, Planning... Knowledge constructed by learning

Active Learning Scaffolding
Learners are active not passive Tailored support given during learning

Cognitive Theory

Factors Influencing Learning Meaning Creation
Existing Schema, Previous Experience Learning is an internal process of meaning creation

Personal Aesthetics Knowledge Transfer Teaching Approach
Gestalt, Satisfaction, Tension... Duplicate knowledge constructs Reasoning, clear objectives, problem solving

Figure23. Design & Learning Theories

4.5 GameNarrativeandimmersion

A game narrative is an essential component in tlesigfor immersion and describes the context which
supportghegoals,rules,andchallenge®f thegame n thisgame thenarrativeis beingstuckonadesert

island surrounded by other small islands and having to complete challenges to move from one island tc
the next. The narrative helps the player to understand the intended flow of the game and appreciate th
requirements for success, essentially @ctn a shortcut to understanding through iconography. While
the narrative supports immersi@nenhanced game experience does not necessarily result in improved
learning efficiency. DeSmet et [8] in their metaanalysisof the effectiveness of setis games and

their attempt to design a game against cyberbullying suggest that more challenging games result in highe
cognitiveload andlessfun for the player. They also suggesthatthe useof mechanicsaesthetics, and
narrativeto createsimplechallengesesultedn highergameeffectiveness. Itermsof thisresearchthe

design emphasises simplicity with a straightforward game narrative, indifmtiieded challenges and

basic player interaction mechanics. These are especially importdns research environment as the

playermust move froomoviceto expertin the cours®f asinglegamesessionin termsof narrative
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asasupportstructurefor immersion thoughthenarrativeis notinherentin thechallengesit is dependent

on them[105], creating a fornard movement and incorporating the educational content, as opposed to
interrupting the game to deliver educational conféf6, p. 662] i.e., the game dws naturally from
challenge to challenge without interrupting or disturbing the context. Thesewelresearch articles
documenting the role of immersion in SLAcluding[107]i [110] and sectior?. 7which describes the
positive effects of immersion on the participant although they describevoelal scenarios rather than
virtual teaching environmés They describe the effect of teaching environments where the majority of
language cues (scaffolding) are based on the second language (L2), i.e., the participants only hav
recourse to L2 references and must infer meaning from the teaching situageastlidiesconsidered
immersionfrom the point of view of beingimmersedin a languageratherthan immersedn a game,
however theirfindingsmaybedirectly transferable tgameimmersionin thatthe research environment

does not contain any Lscaffolding either, as with the study environments all meaning must be inferred.
In the case of this game, to complete a challenge the player must understastautttonsandcomplete
actionsvhichmatchthemeaningfii o v thayréferto. EvenL2 language as text is deliberately excluded
from the research environment where possiblem t he r esearch environment
narrative paths could be distracting, something educational ganitse avoid. Theeducationajame
objectiveis to havethe playerconsciouslyprocessandreflect on the education challenges rather than
controlling the gamg105] i.e., the game provides the structure fgaching, wherein simplicity is

favoured over complexity thereby reducing cognitive load.

For this researcha desertisland scenerepresentshe simplistic contextof the game.The forward moving
narrativeis representetly the othervisible islandswhich can alwaydeseerbutcanonly bereachedy

building a bridgeto them,andeach segmertf the bridgerequiresthe completionof atask(Figure 24).



Figure24. Building Bridge Segments
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Therearefour taskson eachislandandeachislandrepresenta differentsenseof thepreposition(Figure

25).

Complete a task
Complete a task
Complete a task

Complete a task

Figure25. Flow

Build a bridge segment

Build a bridge segment

Build a bridge segment

Y Ty Ay

Build a bridge segment

)
%I > Move to next island
)

Onceall twelveislandshavebeenreachedhe gameends(Figure26)
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Figure26. Flow Segments

4.6 Goals,Rules,& Challenges

As discussed in sectioh 5 the teaching environment requires the participant to mésteules (and
nominallythe mechanicspf the gamein asinglegamesessionAvoiding playerfrustrationwhendoing
this,[111] was a key goal in the design of the remote game (PC versiomasdthave had an impact

on the motivation to complete the game, and so both a tutorial to explain goals and mechanics, and .
Apapo help screen, were included in the remot
advantage of theesearcher present in the room to offer support). These aids on the remote game were
optional to allow experienced gamers to infer what the rules and goals might be. However,, initially
participantsvereencouragetb completehetutorialby email.In kegingwith theminimaltextapproach
describedn section0 thedescriptionof the challengds displayedon aboardon eachisland,leavingthe
participant to infer their actions and the silehich might apply to the challenge. Essentially the rules
are inherent, i . e. the participant candét wal

and written on the signgigure27).
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L)

Figure27. Sign: Over (the other side)

The challenges remain the same regardless gpehfermance of the participant, there is no dynamic
difficulty adjustment. The sense challenges are all fixed and so depending on this plaisredents

they may represent a range of difficuliy5], [112], [113]i.e., somesense®f the preposition are more
comnon, moreobvious,or more explicit than others and the player with greater English competence
might find the game easier to complete successfully. For this reason, each player completed an onlin
profile form where theyself-reportedtheir English proficiacy so that differences in test scores or
environmental scores could be analysed. Each island challenge is an enactment of the conceptual sen
of Aover o, and each challenge is different be
process islways the same and deliberately straightforw&idure 28). The intention is that once the
player has understood the sense and how to enact it, they master it quickly resulting in a feeling of
achievement, they are then motivated to try the next challenge. There is no time limit to the game, the

participant may try and fail as many times as tivesh.

Enact the challenge

Enact the challenge

} h N\
Start Read the challenge Look for items to enact the challenge | l

\ # Move to next island
’ ¥

!
|
Enact the challenge |

|
|
|
{ Enact the challenge

Figure28. Challenge Process
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Allowing unlimited attempts at challenges is not intended to create a mechanistic habit (stimulus and
responsehutratherto avoidfrustration.Theplayerssoonlearnthatthebehaviouoneachslandis unique

even if the enaction appears to be the same. As described in gecticognitive learning emphasises
problembased goatlirected behaviour (part of Relational Frame Theory (RET3]). This is argued

not to be habitual and is thought to be melketed, aself-driven strategic calculation focused on
obtainingthe optimal outcome[115]i [117]. In line with constructivisnthis behaviours createdhrough
experience, is rule focused, and responds to environmental changes vehicbngatible with the
research platform. This platform aims to provide an experience of the learning objective (the sense of &
preposition), based on the rules associated with that preposition as it is enacted in the world througt
changesn the environmat. Enactionis proximali.e., basedn or affectedby how closethe playeris to
theaction,their proximity to theinteractionobjects creatinganembodiedexperiencéchapter.1,2.7,

3.3, 3.4) astheparticipantis centralto theactionsandexperiencetheresultof successr failure through
environmentafeedback.Goalorientedactivity reliesonthemotivationresultingfrom achievemeniand

this is derivedfrom developing competence. As discussethe introduction, it is anticipated that L2
learnersacquire confidencand esteem as their competebadds. In this contexthetermcompetence

is specificto psychologynotlinguisticsandis saidto becreatedhroughlearninggoals,andperformance

goals intended to assess the level of that compe{88¢e[116]. In this research the&rning goal is
understanding how to correctly use the objects on the island i.e., demonstrating the correct form of the
preposition. The performance goal is essentially to perform that understanding four times, the
demonstration is theameeach timgwith different objects) reinforcing thdeathat the participant has
understoodhesenseof i 0 v i@ thatparticularsenseandcanby the end,easilydemonstraté, thereby

buil ding their confidence and eflgingdiedmay inkialybe e x ar
confusing howeveroncetheplayerhasgrabbed dlying bird from theair (andasaresult it hasstopped

flapping its wings) they can repeat the action knowing they are enacting the correct sense.
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Thereis adangemwhendesigninga simplegamethatthe participantbecomedessengagedecausehere

is lessactivity anddepthto hold their attention[105], andsothe gamedesignpaysparticularattentionto

the antecedent g&s. This antecedent state i.e., the factor which immediately preceded the current flow
state (the current place or challenge the participant is engaged with), is used to ensure the participant |
motivated and rewardgd05] by providing anticipation of the next event. A forwarghving narrative

implicit in the game itself allows the participant to see their next goal (the next island) so that they are
motivated to reach it. They are then rewarded by the creation of the bridge to the next island. Reward:
alsocomein theform of particleeffectdisplays whera correctanswelis demonstrated-urtherparticle
displays occur when all of the challenges on an island have been completed. This emphasises to the play
that they have demonstratecn understandingf the specific sense(both in the adaptiveand static
environments). Thadaptiveenvironmentsncludeadditional, subtle loss aversion consequences such as
the loss of light which follows an incorrect answer and incorrect items turningfeavayhe playeras

well asotherenvironmentathangesuchasanincreasen wind andbackgrounchoise.

4.7 GameMechanics

Gamemechanicslescribgheinteractionaplayerhaswith thegame to progresg39]. Mechanics change

with thegame genre, for instanddis research uses casual game mechanics (sorting, matching, selecting
etc.), for what is essentially a serious game. This fsggnthat the ontological representations of the
semantic meanings of the preposition Aovero ar
(Table 3). In linguistics theseare describedasii s e n whels i this researchare presentedo the

participant as physical challenges on islands in the ocean.
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Table3. Senses, Mechanics and Definitions

Senses Mechanic | Definition

Transfer Sorting To arrangesystematicallyin groups; accordingto
type

Proto, Completion,| Selecting | To carefullychooseasbeingthemostsuitable

Preference

Excessl & Il, Temporal,| Matching | To arrangeaccordingto a correspondingpattern,

Reflexive, Control, On colour, or design; compientary

Side

Cover,Repetition Ordering | To arranggsomething)n amethodicaway
Focus Exploring | To examineor evaluatganoptionor possibility)

Eachsenseof i 0 v leas itsenactionndependentf theitem used forthatenaction(Figure29). It could

be argued that the mechanics assediaith thefisense challenge on the island are grouped incorrectly
as there is a certain amount of overlap between the actions. For exanapigirg items (ordering) could
be considereas selecting the items to be arranged. These groupings are therefore testittorth
analysign section? to determinevhethethegroupingsareconsistentvith themeasurements taken inside

the environment.

Same items different mechanic = different adaptation

Mechanic: Ordering ‘ Mechanic: Matching
( ;/ R | Trajector items which can be P Trajector items which can be
/ used to order make positive used to match make positive
adjustments adjustments
(\ , //I;J( 1 Trajector items which can’t be \/‘)( "\ Trajector items which can’t be
\\ used to order make negative — used to match make negative
A adjustments adjustments
g Bt "~ Touch Environment changes based on correctness
/ Place e.g. wind / light / sound

il

Figure29. Actions and Mechanics
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The vsionwascodedusingraycast£omingfrom acentralpointandusingthe samedegree®f focusthat

the human eye useBigure 30 shows the code used for both the PC and VR envirorstieatmain
difference being that the code in the PC environment originated from the cursor position, whereas the
codein theVR environment originatetfom theactual VR headset position insittee 3D environment.

In thePC environmentheraycasts werenly usefulwhentriggeringitemsto respond to what appeared

to be attention i.e. When a cursor was over an item it was assumed that the item was focused on by tr
participant. As explained in the following descriptions of the challenges, in the PC erembitrwas
possiblefor the participantto positionthemselvesn suchaway thattheydid not needto movebutcould

use the cursor to complete the task. Originating the raycasts from the cursor position mitigated the lack

of movement of the avatar in tlR&C environment.

/ISetting up Vector3 angles for rays
fwd = transform.TransformDirection(Vector3.forward);

Vector3 five  down = Quaternion.AngleAxis( - 8f, transform.up) * fwd;

Vector3 fiveUp = Quaternion.AngleAxis(5f, transform.up) * fwd,;

Vector3 fiveRight = Quaternion.AngleAxis(5f, transform.right) * fwd;
Vector3 fiveLeft = Quaternion.AngleAxis( -5f, transform.right) * fwd;
/ICast the ray names hits individually so any can be used
Physics.Raycast(transform.position, fiveLeft, out hitl, rayDistance);
Physics.Raycast(transform.position, fiveRight, out hit2, rayDistance);
Physics.Raycast(transform.position, fiveDown, out hit3, rayDistance);
Physics.Raycast(transform.position, fiveUp, out hit4, rayDistance);
Physics.Raycast(transform.positio n, fwd, out hit5, rayDistance);

/[Draw the ray

Debug.DrawRay(transform.position, fiveLeft * hitl.distance, Color.black);
Debug.DrawRay(transform.position, fiveRight * hit2.distance, Color.yellow);
Debug.DrawRay(transform.position, fiveUp * hit3.distance, C olor.black);
Debug.DrawRay(transform.position, fwd * hit4.distance, Color.yellow);
Debug.DrawRay(transform.position, fiveDown * hit5.distance, Color.black);

/luse the array of hits to change the env

HitHelper(hit1);

HitHelper(hit2);

HitHelper(hit3);

HitHelper(hit4);

HitHelper(hit5);

Figure30. C# Code for Vision

In theadaptiveversions of the game, when an item which could be interacted with was hit by a raycast
it would reactbasedn whetherit wasa corectselectiorfor the challengeébeingcompleted Figure31).
Essentially items would turn towards the participant if they were correct and away from the participant

if theywereincorrectfor thecurrentchallengehowever if theitemhadbeenpickedupit would ceaseo
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react. ltemsvould alsobe highlightedwith a white light if theywerecorrectandaredlight if theywere
not correct. The selection of an incorrect item would thregger environmental changes such as

increased wind speed noise and the initiation of ardglyt cycle essentially turning day to dusk.

To collect statistics from the PC environment where the participants used a mouse instead of their hea

and hands, thdefinition of look, touch and placeasdefined as:

Look, whenthe participant placethe mousever anobject.
Touchwhena participanpressedheright mousebuttonwhile overthe object.
Place when theparticipant releasethe right mousebuttonafter previously havingeldit down

over an object.

public void AttractActionLook( int atr)

{

/it holding something AT T ReGord look stats

if (!pickPlace.mouseDn)

{
/lIstats - send look event nameevery second instead of every frame
stats.AddStat(hCAgent.sense, "look" , gameObject.name, atr);

}

/ILOOK OBJECTREACTION

if (atr == 1 &&look && !place) //correct look

{
hiLight.enabled = true ;
/I Determine which direction to rotate towards
Vector3 targetDirection = player.transform.position - transform.position;
/I The step size is equal to speed times frame time.
float singleStep = speed * Time.deltaTime;
/I Rotate the forward vector towards the target direction by one step
Vector3 newDirection = Vector3.RotateTowards(transform.forward, targetDirection, singleStep,  0.0f);
/I Calculate a rotation a step closer to the target and apply rotation to this object
transform.rotation = Quaternion.LookRotation(newDirection);

}

if (atr == -1 &&look && !place) /lincorrect look
Color ChangeCol = Color.red;
hiLight.color = ChangeCaol;
hiLight.enabled = true ;
/I Determine which direction to rotate towards
Vector3 targetDirection = player.transform.position - transform.position;
/I The step size is equal to speed times frame time.
float singleStep = speed * Time.deltaTime;
/I Rotate the forward vector towards the target direction by one step
Vector3 newDirection = Vector3.RotateTowards(transform.forward, - targetDirection, singleStep,  0.0f);
/[Calculate a rotation a step closer to the target and apply rotation to this object
transform.rotation = Quaternion.LookRotation(newDirection);

}

}

Figure31. C# Code for Attention Reaction



63

4.8 Motivation & Feedback

The goal of this teaching environment was supported by increasing intrinsic motivationtigading

the impact of failureeThe research takes advantage of the
describedy Gee[118], wherereducingthe negativeconsequenceassociateavith failure hasthe effect

that the participant is moftiely to takerisks intheiractions. In effegtthereis no cost fofailurein the
environment. Progress is gated, which means the particpassentially stuck until they solve the
challenge, but they are not punished i.e., they do not perceive any loss. While loss aversion can be
powerful motivator, the tension it creates can be seen as an incentive to avoid potential loss (when the

balance of the outcomes is negative) and encourage the participant to be risk[dvegse

However playersdo needindicatorsshowingtheyhavetakenanactionwhich doesor doesnot solvethe

challenge. This is provided through explicit feedback systems indolagbtiveand staticenvironments.

When viewed through the lens lofguistics it is worth noting that the feedback system does not recast
(show the player the incorrect actions), it resets them by returning the incorrectly chosen item to its
originalposition.Ontheonehand thisis anexplicitindicationthattheanswerwasincorrectontheother,

thereis no scaffoldingto helpthe L2 participantidentify the problemotherthanthe limited numberof
optionsavailableontheislandsandtheimplicit natureof theitems, forexample a bird canhoverovera

box, but aturtle cannot.Only when the correct answer is found can the player infer the reasons and
meaning missing ithefirst incorrect answer. Becausigereis alimited numberof items on each island

the participant is likely to find a correct ansveeentually by simply being persisteiithis trialanderror

process is helped by the effect of inhibition of return.
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Attentioncanbeprimedor inhibitedbasedn previousevents Humanshavea specificbehaviouwhich
may belinkedto efficiencycalledinhibition of return(IOR) [120]i [122]. Thisis manifestwhenaperson
is slowerto movetheir attentionbackto anobject theyhaverecentlyfocusedon. This is suspectedtb be

a form of prioritisation i.e., old objects are less important than new objectayelpased on the object
ratherthanthelocation. However, IOR can also been in thenotorresponses ad personreaching for
anobjectwhichwill beslowerto returnto thesameplace.Herethedifferenceis thatwith action(relevant
to thisresearclbasedn enactiontheinhibition is basedn thelocationof the objectasopposedo with
visionandattentiorwherelOR is basedntheobject.Thesearenotbinaryeffects;theyaresmallchanges
in probabilityandareinfluencedby context.Inhibition of returnis controlledby themotorcortexandso

is consideredhabituationratherthanconsciousiecisionor policy [29, p. 61], [120], [123, p. 290While

it is intendedhatIOR encourgesforwvardmovementin theenvironmentt is alsopossiblehatwhenthe
adaptive environmenises diegetic stimuli to create feedback, it may distract attention away from the
task. The resulting IOR may thenreducep a r t i cperjpranantes @omparisonto the PC static

environmen{122, p. 32]

Continuing to view the environment through the lens of linguistics, the design for the experimental
condition @daptiveenvironment) was based om adaptation of the nedygotskian metaphor of
scaffolding i.e., supportive conditions helping the participant navigate the challenges and attempt to

demonstrate (enact) the wide rangeTawed). meani ngs

Table4. Scaffolding Map

Scaffold Action Approach Example

Creatinglnterest Challengespresentedn the 12 desertislandseachwith its

form of agame own challenggfig. x)




challenges provided

Simplifying Eachsensef theprepositions | Each challenge requires a

focused on separately Apick & place
context changes

Maintaining goal | The Gameis designedwith a | Each correct action builds a

pursuit forwardmovingnarrative bridgeto thenextisland

Marking Errors Incorrect  choices  elicit | ltems& environmenthange
feedback

Controllingfrustration | A method for skipping a| Selectinga lifebuoy will skip

theisland& challenge

DemonstratingSolution

The instruction for the

challenge is accompanied by

diagram

Instructions are on a sign (
each islandaccompanied by
text

diagram. Animated

mimicsenaction

Positive feedback through reward and encouragement helps participants recognise linguistic cues an
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internaliseandautomateskills. In the realworld positivefeedbacks afi n e g éeédbacke o oi.p.the

morea participantsucceedshelessinteraction(andthereforeencouragementheyreceive[124, p. 117]

This feedback loop is reversed in a VR game environment where pof@tdback forms part of a

motivational system which is cumulative, in that it represents building a bank of success which can be

fcashed

no

at

some point

which eventually allowsccess to the next island.

n the futur e,

f

When L2 participants attempt to ledEnglishprepositions initiallythe errorlevel will be high,and for

thereason®utlinedearlier,priming andrecastingthelinguisticsdescriptionof reformulatingincorrect

or

sentenceandrepeating them to the speaker) (secon.l) may not offer sufficient cues to direct the

participanttowardsthe correctapproachHigh demandsonthep a r t i cmempaoaymrtid dognitive
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processinglowstheir transition from declarative knowledge to procedural knowl§ti2g] resulting in
frustrationandreducedmotivation.Forthesereasondeedbackmotivation,andparticipantengagement,
specifically in the seemingly idiosyncratic world of English prepositions may be key to linguistic

automation.

Feedback in VR is multifaceted as the participant can simultaneously be rewarded, penalised, gate
(prevented from moving forward)nd encouraged. Again, this is described in Cognitive Load Theory
(CLT) and may represent otgatworld experience which is simultaneously changing and influencing
ourperceptions.e.,it is notlinearandnotprocedurandformspartof anintegratednotivationalsystem

[51]. The modality effect described in CLT is said t@wwcwhen participants need to process two or
more separate sources of information which are related but do not have meaning unless they ar
integratedIf thesesourceof informationareall basedon oneform of deliveryfor examplesoundthen
theresulting sensory input for the participant can exceed their working memory and cognitive overload
is the result, (a noisy room for exampJiid]. The use of multiple modes to deliver feedback and the

alignment with Filter Theorj29] are discussed in sectidn 9.

4.9 SituationalAwareness Attention

Thefollowing specifically relate$o adaptiveenvironmets.

Much of the feedback in thedaptive environmentlies on situational awareness (SA) i.e., from the
perceptiorof changesn theenvironmenin which the participantis immersedalthoughthefeedbacks

not exclusively environmentaPsychologists describe SA as functioniog three levels; 1) perceptual
processingof the environmentwhich is manifestin the adaptiveversionof the environmentdn the
changes iwind, light andsound;2) integratingthis informationin a meaningfulway; 3) goalrelevant
activation[29]. Using situational awareness directly to attempt to drive behaviour increases the cognitive
load on theparticipant(Chapter2. 6, 4. 1). However thesituationalchangesn thisenvironmentarenot
directly relatedto thep a r t i cgoapia.ntheg dd not needto referto themdirectly. Thereis an

argumenthat
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t he participantés attention may not be dr awn
psychology attention is broadly debatedlasapacity theory suggestingpotlight which allowgocus

without ignoring the surrounding inputs, 2) filter theory based on the idea that attention is the result of
the selection of relevant information, 3) noticing theory where attention is limgebictive and
controlled bytheindividual[125, p. 42] Thisresearchelieson capacitytheoryasit supportsheideathat
subjective awareness is not necessaryef@ming. i.e., changes in the larger world may be detected and
processed without the need for the participant to focus on them [ibh&]. modality effec{51, p. 129]

may also reduce cognitive load as the changes intended for SA are sound and sight based while at th
same time spatiallgverywherd.e., theyarenot proximalandcannotbe interactedwith. For example,

while driving acar,eventsonthestreetrepresena specificmode proximalawarenessndeventsn the

car (feedback from the steering, engine noise, warning lights) represent another, driver attention to the
road might be considered another, all given varying degrees of attention. In tmglex#othing is
excluded but attent i o n-teimsnemofydskeysoedetacting ananges vehiclr o &
may require attention and so time is a factor in SA, dynamically conceptualising into meaning whatever

requires actiofl25, p. 39]

Theresearch environmedesignattemptgo take advantagef the dynamicnatureof conceptualisation

by recognising that conceptualisation occurs over tiggpecially in learninga language. When
understanding the meaning of a written sentence we can suspend our analysis of it until enougt
information has been read. Slarly, this environment attempts to provide information (environmental
responses) which becosgnificant when the task is complete. That is, the consequence of the task is
understood and the meaning of the environmental respookar[17, p. 167], [126, p. 84JArguably,

where the feedback corresponds with the participattention, this could be considered due less to SA

and more to focus.
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While thePCandthe VR platformsdealwith attentionin very differentwaysthroughtheir userinterface
(UI) (Section4. 10) the following is a summaryof the currentliteratureconcerningvision andattention.

As this is an extensive subject only elements relevant to the reseanctiaded.

First Order Vision does notequireconsciousraindirection andncludesrudimentaryprocessesuch
ascontrastspatialdifferencesandfundamentaédgedetectionTheseareprocessethy the eyeandbrain
without any conscious intervention and are the principles by which a visual scene is cong@]ckext

this research any significant difference betw#estirst-order vision in the world and vision in the PC

or VR environment is unlikely. The eye has a specific cenftdetection which is five degrees either

side of the centre of the gaze. Thasthhe areavith the greatest concentration of photoreceptors in the
retina and outside of thive-degreearea there is a significant drop in receptor cells resulimag
reduced detectioability. Thisareaof detectionchangesignificantlyin low-lighting conditionswhere

the perception range increases due to a difference in the distribution of Rod cells which are responsible
for vision in low light[29]. Thi sntirCee of detectiono is replicat
raycasts (analogous to laséigected at angles from tleyeposition ofthe participant), which havthe
samdive-degreaangle extendedo ten-degrees low light. In thePCenvironmentraycast@reaccessed

through the mouse cursor moving over an item.

Higher Function Vision such as colour vision may be related to consciousnesshe brain does not
construct colour vision without being aware of it. Similarly, attenta scene already created in first
ordervisionis thoughtto berelatedto consciousnessgsis the procesf selectionfrom thatsceneWhat
attracts a pers@nattention in the environment, whether it is the objects and actions in the environment
or aperceptual sete., existing preconceived ideas and knowledge, or foreshadowing, is still debated
amongpsychologist§127]. Attentionmaybedrawnto anobjectbecausefafi b o t-ut p@mironmental

stimuli or salience map, or existing conscious knowledge of the objects in that environment.
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Research Environmental Features Based on Vision and AttentioWhile attention is important for

the completion of tasks, focusing on objects based on their properties as described in the Gestalt theor
of visual perceptiof30], [128], [129]will not help participants understand the mearohgrepositions

which are syntactically idiosyncratic or semantically polysemic. Further, it may be the case that the
natural grouping of objects is a cause of misleading structural priming, as described in 2ecty6{,

p. 54} For example, just because a butterfly was the correct answer on one island does not mean it wil
be correct on the nextt may well be correct, but to avoid encouraging incorrect groupings of objects
the environment uses the same objects in different tasks, each task requiring participants to create or u:
their schemd.e.,t he parti ci pamtwnidu att tleetore Codvareelytheadaptive
environmentsattempt to guide participantsby making objects change their movement, rotation,
brightness, and saturati o, 0t ¢ tdieiudpects whishthave nt i
6faces6 are used to enhance their a b iabtlaptivey t
environmentare turned to face away from the player discouraging attention and forming part of the

scaffolding[130].

In summary, no single feat of vision or attention is relied upon, ati playets perception of the

entire environment attempts to guide learning.

4.10 User Interface Design for PC and VR

User interaction with both PC and VR game platforms is deliberately simplistic to avoid wedosatl
(Table5). Thelimitationsof thePCgamein replicatingreality areevidentin theneedto usethekeyboard
to replicate head movement, a hand movement on the mouse to replicate general arm movements, ar
the finger on the mouse button to replicate grabbing an iEBgure 32). By contrastthe interaction
within the VR environment has much more fideltty real life (Figure 33). Though inevitably the

participanwill beawareof wearingtheOculus theirheadandhandmovementsespondcomparaby
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with real world movementsEven the grabbingmotion using the handsetss essentially the same

though admittedly without tactile feedback.

Table5. User Interaction

User Gamelnteraction Mediator PC Mediator VR
Look Arrow Keys HeadseRayCast

Touch MouseOverltem HandseGrip
Grab / Place MouseButtonDown HandseRelease

-

Movement

Hand Pickup
Movement

Figure32. PC Game Ul

O

Figure33. VR Game Ul

Themai n i nt er ac whiclhistsemanrcantribution gpactikipant has to vision, in that they

canchoosewhattheylook at andthesechoicesarerecordedji t o and | a ltaedonovementsand
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haptics which indicateselection when an item is touched and choice when an item is pick&aupe(

34).

Look

1 Touch
/ Place

Figure34. Environment Participant Components

Whenconsidering user interface design the change from PC to VR is extreme. Not only do the degrees
of freedom (DOF) for movement increase dramatically (PC allows 2 DOF, VR allows 6 DOF) but the
point of view (POV) from a flat screen to a freely moving headsegtstly different. Tapping a key
sever al times to Al ook over your shoul dero b
s houl de risessertallypnorexistent in the PC game, whereas the ability for a participant to see
their own hands, gv objects, andhaturally carry thens a de facto part of VR. The fluidity of movement

and the fidelity of action in VR is demonstrably closer to real life. Haptics link the participant in VR to
spatial and motoskill development and support embodied@t{46], [68], [131] This is important to
theresearchast seems cl ear that the fisame visuomotor
and interpretin§20}irecognitve entbodied actiorocbnstemtsaning (section

2.3). To maintainasmuch fidelity aspossiblewith real life the user interface for thresearch restricts

itself where possible to actions replicable in the real world. i.e., a participant must pick up an item, they
cannot raycast to it from a distance. However, because of the varratt@precisionof placemenbf

itemsin thevirtual world somelicenseis usedto i s n anphyject toits correctposition.Thisis doneto

supportthevisualisationof thefinal correctanswer(seesection2.3 & Table4).
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4.11 SummaryDesign of the Framework

This sectionconsiderghe constructiorof a setof rules(aframework)for adjustinganenvironment. The
absence of these rules will constitute the absenaaadaptive environmerand will provideone of the
control measures used in experimentatithconsiders what can reasonably be changed, why those
changes are relevant and how thegimimpact the participant. It reflects upon changethe subject
matteraswell asthe subsequengeneralisabilityof the framework.Key considerationgn the designare

the adherence to a cognitive linguistic view, task representational fidelity,henddoption of the

scaffolding approach described in secHor®.

4.12 Design of the Framework

The framework is based on changes to selected elements of the game design. The changes applied ¢
intended to be measurable and generalisable for future designs and employed depending on their effe

on learning outcomes. The measurable elements-ayeré35):

1 ThechallengesEach challengeepresenttheconcepto belearntandanindependentariable.

1 Environmentalfeedback.A players correct or incorrect actions result in changesin the
environment antheuseof thesechanges.e.,anadaptive environmeritt theyareusedandastatic
environment if they are not used, represents an independent variable. Player actions are define
asinl ook o, At oufmkghrése)and #fApl aceodo (

1 The mechanic (physical action taken by the playEgch chaknge requires the player to use a

specific mechanic which can be measured as an independent variable.
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Game Type

Teaching Objective
Platform

Theme Content

Interface
Narrative Challenges

Mechanic

Feedback

Figure35. Design Framework

Thedependentariableis the changen learning outcomscores.

Within the adaptivegame attention (look) triggers changes in items and decision (touch) and action
(place) trigger changes in the environméngre 3§. What is triggered, the timing tfiggers and the
i c or r e(basenbathexwrentchallenge)f thetriggers,all providedatawhich canbecomparedo

learning outcomes and the profiles of the participants.

o Dynamic B Dynamic A Dynamic
Dynamic i Dynamic Y Dynamic 4
Wind X X X v X v
Diegetic | Lisht X X X v X v
- Sound X X X v X v
=
) Move X v X X X X
g Items | Render X 4 X X X X
o Light X v X X X X
é Task Type & Data | 28& | 29f | 29 2o e o Dliala D
0 e £55 535 | 55.| 55,555,585,
E88 | 288 | 285 | B8 |BEEEE B85
* Time taken to solve 1% ggg 3§E 3§§ 322 g"_—xEE 3"_—255
- o = ~ ~
S BB B B el R s
Looks/Touches/I;laces o $§ a g‘;f a G a G a 55 a &5
Enaction Look Touch Place

Figure36. Adaptation Framework

Theconcepbeingtaughtthroughthe challengenvouldtraditionallybe supportedy ateacheresponding

tothep a r t i oerbalsatidreddprovidingfeedbackvhichtakesinto accountboththep ar t i ci p a |
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level of knowledge and the new conceptbng t aught. This i s known as
in the zone of proximal development (ZPD) between current comprehension and new understanding
[132], [133, p. 538], [134]In this research and from a CL point of view, the items which gain the
participantsd attenf{lvlJonl|l maper toafnckeyi si nmaplosrot aatcte
understanding ahe unfoldirg sceneand theconsequences ainy interaction thepavewith it (section

2.5 . Consequently, the game attempts to guide
[135]i[137] (t h e g a me 0saffoldang) batween the frajector and the landmark, as well as
provide feedback based on the interactions the participant has with thdktendhese adjustents

are exclusive to thedaptiveversion of the game and are the game scaffolding as dictated by the
framework. As far as possible, the game attempts to maintain realistic consequences usingdeal
physics and object interactions. Howevadaptivechanges based on the framework are used to gain

participans éttention and are not based on +eakld physics Figure 3§.

ACorrectnesso, t he extent ting; pladng, thh cotrelstetempidr they e r
challenge, drives different feedback. Trajector items respond to attention (looking) by changing their
orientationand brightnesg(Figure 37). The gameresponddo decisionsi.e., touchingor placing, by

changing diegetics, for exampleind speed and noise may be considereghtive feedback

Figure37. Example Action: Incorrect items turn away.
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Usingthis designframework the scends constructedvith taskswhichlink to theadaptatiorframework
(Figure38).

e

sense

Proto "The moon was over the sea" Selecting
Excess | "The coconut was thrown over the rock" Matching | No v Non , Non !
= Dynamic 2 Dynamic A Dynamic
Dynamic | Dynamic Dynamic
Excess Il “Any number over 2 will tip the scales” Matching 4 | | I
Wind ' X X ‘ X v X v
Cover "The fish was over the corner of the box" Ordering ! ! ! I
i i Light X X X v X v
o “The pattern appeared over and over : Dlegetlc | !
Repetition A Ordering
again Sound X X ‘ X v X v
Transfer Move the snail over to the box’ Sorting g Move X 7 X X X X
“Fish choose fish friends over any other < E [
Select Render v
Preference Coostinas electing c Items | X | X X
o : |
“Creatures can only be placed in the chest : = Light X v X X X
Temporal % Matching = - | |
overnight >
LEI Task Type & Data eocshessles wo wgo B
Focus "The bird looked over its meal" Exploring - Task Sense S| §aes| §2.| 5 S§25 o
- Time taken to solve 1% EES‘ EES‘ §§§ = E8E88E
Reflexive "The tree had fallen over" Matching 20 314 4th challenge 8% S 8% = 858 | 8- 8% = $
«  Number of Correct: E‘ g E,‘ g c g ] g' g @' g 26
Control "The wind has control over the leaves" Matching Looks / Touches / Yy | gy | a § ads
Places % Co w0
Gombletion “The task is over when the crab is on the Seisctin
P box" < Enaction Look Touch Place
T "
Other Side ‘The items are over on the other side of Matching

the wall"

Figure38. Adaptation based aine mechanic.

Thedesignis generalisablén thatthediegeticanditem adjustmentganbereproducedor anychallenge.
Framewor k Evalwuation: The theoretical basis fo
it could be arguedthat environmentsvhich adaptdo not representeality. Whilebeingaware ofthis
apparentontradictionandthe possibilityof anfi u n ¢ & a h Jeféegt (& disconnectiorbetween items
which look realistic, but are slightly unre§l)38], [139] the research relies on the human abilitsgdapt

to unfamiliar environmentsand to acceptabstractionfrom reality as mentionedearlier [115, p. 218],

[140].
4.13 Code for Algorithms

Overview

The main processes bbth the adaptive argtaticgame are controlled by a script called GameManager.
This scriptinitializes the challenges and monitors thetions of the player during the gan#. the
beginning of each level in tredaptive game environmeithe game manager assigngiac or r e ct n e
flag to each item the playenight interact with This flag determineghe behaviour of the iterand the
environment. i.e., when the player interacts with the itean adaptive environment the game manager

knowsif the item is correct for that level and haavchange the environment and object behaviour.

The algorithm needsputs to tell it what it is looking at and what it is touchifgr this the script uses
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raycastganalogougo a laser beam sent from the position offtkad) to simulate sigliFigure39) and
afunctioncalled On Tr i gger St ay 0 tow handchming ;mto eontact withgan ebgod

thenstaying or holding that obje@Figure40, Figure41).

The algorithmsimply checks the inputand acts accondgly as shown in the following pseudode

(informal outline ofprogrammindanguagég

Sight if thelaserfrom theeyes hits an object
1 if theobjectis correct for the levetlo one thing
T ifitis not correct fothelevel do another thing

private  void FixedUpdate()
{

//Setting up Vector3 angles for rays
fwd = transform.TransformDirection(Vector3.forward);
Vector3 fiveDown = Quaternion.AngleAxis( - 8f, transform.up) * fwd;
Vector3 fiveUp = Quaternion.AngleAxis(5f, transform.up) * fwd;
Vector3 fiveRight = Quaternion.AngleAxis(5f, transform.right) * fwd;
Vector3 fiveLeft = Quaternion.AngleAxis( - 5f, transform.right) * fwd;
/ICast the ray names hits individually so any can be used
Physics.Raycast(transform.position, fivelLeft, out hitl , rayDistance);
Physics.Raycast(transform.position, fiveRight, out hit2, rayDistance);
Physics.Raycast(transform.position, fiveDown, out hit3, rayDistance);
Physics.Raycast(transform.position, fiveUp, out hit4, rayDistance);
Physics.Raycast(transform.position, fwd, out hit5, rayDistance);
/luse the array of hits to change the env ironment
HitHelper(hitl);
HitHelper(hit2);
HitHelper(hit3);
HitHelper(hit4);
HitHelper(hit5);

Figure39. Input script for "looking"

Objects Anoticedo when they have been skEigureor t
39the variablgiatro represents Booleanswitch. When it is Yatr==1) the item should attempt to attract

the attention of the playefhe same process is used for touch. Although touchingtsamg incorredy

is one degree of error, picking that object up and placing it as if it were correct (ignoring the already
adapting environment) is a greater degree of error and as airesefises the intensity of environmental
changeFor exampleat the end of the code Figure40, i h Codtlye game controller) calls a function
called AWind2d6. This i s similar n¢soyos goyWimdhnoivo t

youbdbre holding it, itdés stiiWilndwo.ng so you exp



/lenact attraction material, movement etc

public  void AttractActionLook( int atr)
{

/Istats - send look event name

stats.AddStat(hCAgent.sense, "look" , gameObject.name, atr);

//LOOK OBJECT REACTION

if (atr==1 && look && !place) /[correct object for level

{
hiLight.enabled = true ;
/Il is correct object for level so change look at position
/I Determine which direction to rotate towards
Vector3 targetDirection = hCAgent.mHead.transform.position - transform.position;
/I The step size is equal to speed times frame time.
float  singleStep = speed * Time.deltaTime;
/I Rotate the forward vector towards the target direction by one step
Vector3 newDirection = Vector3.RotateTowards(transform.forward, targetDirection,
singleStep, 0.0f);
/I Calculate a rotation a step closer to the target & appl y rotation to object
transform.rotation = Quaternion.LookRotation(newDirection);

}

if (atr== -1&&look && !place) /lincorrect object for level

{
Color ChangeCol = Color.red;
hiLight.color = ChangeCol;
hiLight.enabled = true ;
/I Determine which direction to rotate towards (in this case away from player)
Vector3 targetDirection = hCAgent.mHead.transform.position - transform.positio n;
/I The step size is equal to speed times frame time.
float  singleStep = speed * Time.deltaTime;
// Rotate the forward vector towards the target direction by one step
Vector3 newDirection = Vector3.RotateTo wards(transform.forward, -
targetDirection, singleStep, 0.0f);
/[Calculate a rotation a step away from the target & appl y rotation to object
transform.rotation = Quaternion.LookRotation(newDirection);

}

Figure40. Input script for "touching"
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void OnTriggerStay(Collider collider)

{
if  (collider.GetComponent<TrajLMProperties>()
|| (hCAgent.sense ==5 && collider.tag != "Player" )
if (hCAgent.sense == 1 && !doOnce)
{
var rb = collider.GetComponent<Rigidbody>();
if  (collider.name == "PrepCardinal” || coll ider.name == "PrepBlueJay" Il
collider.name == "PrepButterfly"” || collider.name == "FlyHIdr" )
{
rb.isKinematic = true ;
rb.useGravity = false
collider.transform.position = transform.position;
collider.GetComponent<Rigidbody>().constraints =
RigidbodyConstraints.FreezeAll;
collider.GetComponentInChildren<Animator>().SetBool( "flying" , true );
doOnce = true ;
GameObject GO = transform.parent.gameObject;
hCAgent.Judge(collider, GO);
}
else
{
if  (collider.GetComponent<TrajLMProperties>().trajector)
{
hCAgent.Wind2();
}
}

Figure4l. Inputscript for "holding"

For video examples of these functions please go to:

T PC version ad algtpsi/yoeau.bd/boaJue/mpDEi d e O
T PC versi on ad algtpsi/ywoetu.bd/@abbkyrAdQ
M PC versi on ad abhgtpsi/ywoeu.bd/R52w0vBZoV4 O



https://youtu.be/1oaSdu7mpDE
https://youtu.be/0a6biKYhA2Q
https://youtu.be/M52w0vBZ7V4
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5 ResearchUsability Test

5.1 Rationale

Smooth interaction between the player and the game was an important thardesign as any failure

of interacton ordifficulties in understanding thateraction needed would cre@eewcognitiveprocess.
Theuserinterfacebridgeis the spacébetweerthecomputerandtheplayerandanyextraneougnteraction
would become an agent acting betwteplayer and the game and disrupt the cognitive learning process
[141]. Usability tests were conducted with both the VR (before lockdown) and PC (dockapwn)

games to obtain user feedback and ensure functionality. Specific areas of focus were:

1 thedatacollectionprocess
1 theusability of thegameitself

1 toensurehattheoverallproceduresverefit for the purpose
At the time of thigesearchCOVID-19 restrictions made VR patrticipation difficult due to gneximity
required.Tocomplywith lockdownrulestheVR pilot wasconductedvith thehelpof 6 adults,all members
of the same household. The PC pilot was written ataadalone program and could be completed

remotely.

5.2 PCandVR UserTesting

VR User Test: Consent forms required by the univéssithical approval process were completed on
paperandthe profile andtestquestionsverecreatedvithin a game design platim known as Wity (Unity)

(Figure4?2). Thegameusedthe Oculus Rift played on an Omen laptop.

Figure42. Unity-based test.

PC User Test: Here the consent formfitr and test questions were Qualtrlzased Figure 43).
Participants used their PC to play the gam
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Figure43. Qualtrics test

Both pilots used the same version of the game. Instructions on the rules and objectives were giver
verballywith the VR platformand through amstructionpdf for the PC platform (Figure44). Both sets
of participants werasked in gyuideddiscussiorhowtheyfi f o uthedxperienceand what theyound

difficult and easy. Their comments are grouped and summariSetbla7.

Email with instructions pdf: . 4

Figure44. Pdf instructions for PC game

The participant profiles Table6) showanimbalancan thetwo pilotswith 5 non-nativespeakersn the
PC pilot. All VR participants completed the game and only two of the PC testers managed to complete

the game, highlighting the difficulty of remote testing.
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Table6. Pilot Tester Profile

Pilot Male Female Native Non-Native

Speaker Speaker

VR Pilot 2 3 5 0

PC Pilot 2 4 1 5

Two participants completed the PC game without issue the remaining four did not finish due to a

combination of the following issues:
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Table7. Qualitative comments

Issue

Comment

lockedin full screen

cursoris locked

Overthewall puzzleneedgo havealargerspaceo walk around

taskl d i dumdetstandvhat lwasneededo do

completedhrowingwith 3 objects

I c a n & tupthe cocokutafterdroppingit

| got stuckin the2ndgamewherel couldn'tunderstand what is thatl haveto do

sentencandanimaged i dhelpatall

videodemo or gyuided tutorial wouldhelp

Thegameplay couldbe betteexplainedn theinstructionspage

not clearwhatthe usershoulddo in someof thequestions.

Function carryingobjectsseemsuggy

Function placing on boxescan be tricky asthered o e sseeinto be a good snapping
mechanic

Function Left/right movementvorksfine, the S/W movemenimisbehavesometimes

Function It would beeasielif movemenbetweerislandswasalsoclick n dragaswell

Function Themovingbuttonsdid not seento respondwell

Function | foundhardwhile playingthegameis movement

Function the objectsjust stayedon strangeplacesanddid notrespondo newmovement

Function | wasplaying andhe gamefreeze

Function No PConly Mac
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A key concernwith remoteresearchs consistencyf userexperienceWhile all six testershadthe same
gameenvironment their experience was very different. Only two completed the game vigblonical
issuestheremainingfour hadvaryingdegree®f stutterin movementandothervideodelays.While the
game included a tutorial and instructions screen onlytester (both a native speaker and a computer
gamer)understoodheir objectiveandcarriedout thetasksasneeded. VRyamecompletionwasguided
whereaghePCversionrequiredall cuesto bemoreexplicit, mechanism$or skippingtheislandto avoid
frustration, improvements in the code to ensure rbasec computers could cope with the game and an

allowance for alternative keyboard configurations.

Changes: No changes were made to the VR instructions. PC instructions were made more explicit
(Figure4b), atutorial scenavasaddedo thegame(Figure46), theinstructionsignimagesverechanged

in thegame(Figure47), alternativemovement keys wemmade availabléarrowkeys and numbgrad),

a Askip | evel oOFigargdd),ithe bridgesaand isdladdd wedte made largegure 49), the
method used to pickpitems was changed from placing thvescreerhand orntheitemandholdingthe
mousebuttondown,to a simplemous cursorovertheitem andthenhold the mousebuttondown. This

meant that the participant did not need to move to the item to pick it up and the coding was changed tc

avoid coroutines which slowed the game down.

Figure45. Changes to instructions.
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Make sure your PC sound is on

Please tu PC sound on

[iS{ictions)
T

Press the spacebar to display help in-game

| ke | Qi

After

Figure47. Sign changes

Figure48. Skip island
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Figure49. Bridges and islands expanded.
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6 ResearchMethodology and Experiment Design

6.1 Introduction

The research objective was to investigate the
influence what idearnt?i $ection 1. 3) and was investigated through the application of the research

guestionswhich are exploredusing the challengesn the game(Tablel). The gamewith or without

adaptiveintervention represents the methaftenquiry and provides context for the participants along

with the data needed for measurement.

Tablel. Research Questions

ResearchQuestion

ResearchQuestion 1: Did the useof eitherthe VR or PC gamehelp L2 English users

improvetheir knowledge of thevarious meaningsf6 over 6 ?

ResearchQuestion 2: Did interactionsin the VR or PC gamediffer by taskanddid those

differencescorrelateto differencesn performancer profile?

ResearchQuestion3: Did performancevary by senseor mechanic?

ResearchQuestion 4: Did profile differencesbetweenparticipantsfactor in predicting

performancen the VR or PCgame?

6.2 HardwareConfiguration

ThePCenvironmenfor theremoteresearchid notrequireanyspecialkequipmentlt wasintendedo be

usable on the majority of mediuspecification PCs:

T Minimum 8 GB of Ram
1 Minimum 2 corel.8 GHzCPU
1 Windows10homeor higher

i Dedicatedvideocard

ThePCgamewaslessthan150Mb in sizeandwasdownloadedrom a googledrive by eachparticipant
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as shown ir®. 4.

The VR version of the game was intended to be deployed on the Oculus Quest which uses an Android
platformasopposedo the PCWindowsplatform. The Android platformprocesgraphican adifferent

way to the P(latform, using ASTC texture compression, fixed rather than float types for UV sets and
lower graphics tiers as default. These differencegpareof a wider configuration designed to optimize
Unity programs for the smaller hardware capabilities of addilevices. As the game was not intended

for distributionandsodid not need taely ona compressebuild, theOculusRift link and Air Link were

used to access the VR game. Oculus Rift link and Air Link are methods for connecting theqDestus

to Unity runningin theeditoronthe PC.This essentiallymeanghatthe userof the Oculus sees the

benefits ofthe higherquality graphicsand enhanced speed provided byRi@while still using a VR
environment andallowed the PC and VR games todbéremely similar in graphics quality and

performance. The Rift link is a physical cable connecting the PC to the Gigse60).

Figure50. Rift Link to Quest

TheAir Link (betaversion)usesa Wide AreaNetwork (WAN) to link the Questwith the PC.Figure51
shows the configuration of the Air Link VR experiment. The Oculus Air Link needs to be on the same
Wi-Fi networkasthe PCrunningthe gameandthis PCneedgo be pairedwith theheadsetAdditionally,

the Headset needs to be able to link with the mobile phone which has the registered Facebook accoun



88

Thislink couldnotwork with theuniversityWi-Fi asthe bandwidthspeedheededo avoidstutterin the
guest is more than a consistent 1Gb. The cable (Oculus Rift Link) was used as a backup taf beysed

elements of the WAN faileBigure51.

Internet

Stand
alone
Router

X Facebook
Authorisation

Oculus Air Link

Internet

Figure51. WAN Oculus Quest Setup

6.3 ExperimentalConditions

Thesamegamewascreatecon PCandVR platformsbothusingthe Staticversionasthecontrol condition
and theadaptiveversion as the experimental condition. The PC version was completed remotely by 40
participants and supported through emeangdthe VR version was completed on the university campus

by 16 participats and was supported by the researchgufe52, Figureb9).

Group A ’ Pre Test | Dynamic Environment PC ‘ Post Test ‘
Group B Pre Test Non Dynamic Environment PC Post Test
Group C ’ Pre Test | Dynamic Environment VR ‘ Post Test ‘

Figure52. Experimental Groups

The experimental condition changes the environment in accordance witratiework (Table 10)
suggestedKigure36). These changes are intended to provide feedback to the participant in line with the
social regulatoryscalefor feedbackas describedin [142, pp. 46b5483] This alignmentcanonly be

approximate as it is thgame, rather than a human, teachimpe extent to which the regulatory scale
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matches the game feedback is outlinedlable 8. In the adaptive environmenthe participant is
prompted byheitemstheypayattentiorto,andenvironmentathangesesultingfromtheiractionswhich
attempt to address their situational awarenéggu(e 36). Whilst it is recognised that this scale was
intended to describiaemicrogenesisn the Zone of ProximalDevelopmen{132], [143]supportedby a
scale is stildl

humartutor rather than a computer game, in most gasése

[140, p. 471[142, p. 471]

Table8. Regulatory Scale

Regulatory scalei Implicit (strategic)to Explicit [1] | GameVersion
Implemented/ Not implemented
0 | Tutor asks the learner to read, find the errors, and correct them | Challengeexplicitin thegame
independentlybeforethetutorial
1 |[Construction of a 6coll abor at i \ Correctitemsturntofaceparticipantincorrect
tutor as a potential dialogic partner items turn away
2 | Promptedor focused readingf thesentencéhat containsheerrorby the | Challengeexplicitin thegame
learner or the tutor
3 | Tutorindicates that something may be wrong in a segneegt,éentence, Feedbackrom Environment
clause,liney 61 s t here anything wrong
4 | The utorrejectsunsuccessfuittemptsat recognizingheerror Itemsreplacedn original positions
5 | Tutornarrowsdownthelocationof theerror(e.g.thetutorrepeat®r points No new interventionsfrom the environment,
to the specific segment which contains the error) participant must study the situation
6 | The utorindicates thenatureof theerror but doesot identify theerror No new interventionsfrom the environment,
(e.g. 6There is something wr on ¢ participant must study the situation
7 | 7 Tutoridentifiestheerror( ¢ Yooaun 6 @n auxislagsh er e 6 ) The participantmustinfer from theitemsand
their actions
8 | The utorrejectsthel e a r unsuccéssfuhttemptsat correctingtheerror | ltemsreplacedn original positions
9 | The utor provides clues to help the learner arrive at the correct form | The marticipantcan try different items until
6lt is not past but somet hi ng ¢ theyfindthecorrectone and infer the correci
answer
10 | The utorprovides thesorrectform The mrticipant can try different items until
they
find thecorrectoneandinfer thecorrectanswer
11 | The utorprovidessomeexplanatiorfor useof thecorrectform The participantmustinfer from their actions
why theanswelis correct
12 | The utor providesexamplesf the correctpatternwhen otherforms of No new interventionsfrom the environment,
help Participantsnuststudythesituation
fail to produceanappropriateesponsivection

The data helping to investigate the research questions was collected through three main instruments
Qualtrics[144] an online survey system was used to collect condénht]], profile data {0. 2 and

administethepreandposttests(10. 3); thegameitself outputdataastheparticipantplayedandprovided
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informationon thetime takento compléde tasks,andthe numberof timesattentionwaspaidto itemsand

the success rate participants had with challenpaisi€9).

Table9. Instruments Applied to Research Questions

ResearchQuestion

Associatedinstruments

Research Question 1Did the use of either the VR or PC
gamehelpL2 Englishuseramprovetheirknowledgeof the
variousmeaningofé6 over 6 °?

Testresultswere collected
throughQualtrics.

ResearchQuestion 2: Did interactionsin the VR or PC
gamediffer by task and did those differences correlate t
differences in performance or profile?

Test results collected through
Qualtrics and environment
statistics files

Research Question 3Did performance vary by sense of
mechanic?

Test results collected through
Qualtrics and environment
statistics files

Research Question 4: Did profile differencesbetween
participants factor in predicting performance in the VR ¢
PC game?

Test resultsand profile items
werecollected through
Quialtrics.

Question1: Did theuseof eitherthe VR or PCgamehelpL2 Englishuseramprovetheirknowledgeof the various

meani ngs

of 6over o6?

To answer this question a te$0( 3 was devised to measure the participamderstanding of the senses

of

i oFigwea4)o Thigtest consisted of 3 questions for eaclihafl 3

senses of

nove

total) and the questions were randomly presented to the participant. The same questions wwetteeused

pre-test,beforetheuseof thegameandtheposttest,aftertheuseof thegamesothatthelevel of difficulty

was equal in both tests. These tests represent the instrument for measuring thegpiestanny.

Question 2:Did interactions in the VR or PC game differ by task and did thdrehces correlate to

differences in performance or profile?

Beforethe first testthe participants completed a consent and profile questiond#ird, (10. 2. This,

along with the type of game environment they had uaddptiveor Statig provided the instrument

through which to analyse correlations between profile items (age, gender, educational status anc

proficiency in English). The game itself provided data on participant interactions wishviltenment.

Question3: Did performancevary by senseor mechanic?

Eachislandin thegamerepresented sensef over.And eachislandalsorequiredaspecificsetof actions
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to complete the challenge. As the participant completed the challenge the game recorded errors they mac
and successea®sulting in the completion of the challenge. These measurements were saved into a
commaseparated file for later analysis. The instrument used to compare the sense, and the mechani
participant performance was a combination of phe, and posttestscores and the statistics collected

within the environment.

Question 4:Did profile differences between participants factor in predicting performance in the VR or
PC game?

The profile questions compared with the test results representéasthanents used to identify any

profile items which could be used to predict outcomes.

Table10. Design Framework

DAk Dynamic oion Dynamic Hon Dynamic
Dynamic y Dynamic Y Dynamic ¥
Wind X X » S T iy
Diegetic | Lisht X X X < x | v
' |
i Sound X X X v X v
c
Q Move X v X X X ‘ X
g Items | Render X v X X Xl
o Light X v X X X \ X
= [ PR R [ e [
L] TaskType & Data | 225 | g2o£| 28 22 222 |R2oE
« TaskSense 635 | 638 | 0%y | 02y |0 25 wS2Ew
* Time taken to solve 1% %‘S‘ﬁ ‘5 i ‘G‘ gé "52% ‘i.‘v‘e’g%‘%%g%
2nd 3d 4th challenge 8_@; g@?o oE o il s 2 R at
* Number of Correct: 9%5‘ 9%% 2%‘” Q%m g%ﬁ-oig%-go
Looks /Touches /Places | & O | € 0 ¢ | & © a o aog aog
|
Enaction Loo Touch Place

6.4 Datacollectionandvariables

The data collection in the game was grouped into process events and waypotstas/well as the

Acorrect nes skigure33). Tha process dventodata wag supplemented by additional data
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points marking when each stage was completed.

Recorded Data Events Waypoints
6, ChangeToSense, Bridge, 2020/11/19 11:15:17, O ;
5, SenseCompleted,  ChangeSense, 2020/11/19 11:15:17, 0 Gam;,nce°5’:;‘,’r';t'°“
6, look, PrepFishHoldr1S2, 2020/11/19 11:15:26, -1
6, look, PrepCardinal, 2020/11/19 11:15:26, i
Sense Completion
w m (@) — o) Time Stamp
g o g 3 - |
7 =3 o ) @
L a o a Stagel
o S Time Stamp
o o |
a v v v
Look Touch Place
Time Stamp Time Stamp Time Stamp

Figure53. Game Data
Thedatawasstoredasacommaseparatedalue(CSV) file, sothatit couldbeloadeddirectlyinto a
relational database knovasMicrosoft Access for cleaning ardstatistical software package known as

SPSS for analysig@ble11).

Tablell. Research Questions and Variables

ResearchQuestion Variables

Research Question 1Did the use of either the VR or | Test scoresfrom Qualtrics groupedby

PCgamehelpL2 Englishuserasmprovetheirknowledge | PC and VR game, adaptive and static

of thevarious meaningsf6 over 6 ?

Research Question 2Did interactions in the VR or P{ Test scores and profile data frg
gamediffer by taskanddid thosedifferencesorrelateto | Qualtrics grouped by PC and VR gan

differences in performance or profile? adaptiveand Static Gamedata

files.

ResearchQuestion3: Did performanceraryby senser | Test scores and profile data frg

mechanic? Qualtrics grouped by PC and VR gan

adaptiveand Static Gamedata

files.
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Research Question 4Did profile differences betwee Test scores and profile data frg
participantdactorin predictingperformancen theVR or | Qualtrics grouped by PC and VR gan
PC game? adaptiveand Static Gamedata

files.

Grouping Mechanics: Based on the descriptiarf the mechanic the actions required in the challenge (
Table3) determineheir grouping.However thereis anelemeniof subjectivityin this allocationandthe
measurementisasedon mechanigroupsmay be incorrectasa result. To validatethis grouping factor

analysis was used to understand the mechanic effect on the correct attention scoregS@ction
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7 Study

7.1 Introduction

This research uses a repeated measures design measuring the same group with the same questi
separated by experimental conditions. The experimental conditionsdagrgveor Staticenvironments
on either a PC or VR platform. In all cases the game tasksained the samel.(7). The following

analysis section describes:

Datasetsanddatapreparation 8. 2, 8. 3)

Descriptivestatisticdor the participantq8. 4)

Descriptivestatisticdor thequestionsisedin the preandposttests(8. 5)
Descriptivestatisticsfor theenvironments§. 6)

Inferentialanalysisof testscoreg8. 7)

=4 =4 4 4 A -

Inferential analysis of the tasks dataset(environment)and question datasetrelating to
performance§. 8
Inferentialanalysisof time relatingto tasksand performancés. 9)

Inferentialanalysisof profile datarelatingto performancg8. 9)

The analysis process can be visualiseigne 54.

Environment:
Differences in Scores
Differences in Environmental Effects
Differences in Question Groups
(Sense differences)

159] aid
153] 3504

.

Figure 54. Analysis Process

N




95
7.2 DataSets

There were four data sets analysed. The pre andgxisicores, participant profiles and the data collected

from each of the environmental conditiofsgure55).

Group A | Pre Test l Dynamic Environment PC | Post Test ‘
Group B Pre Test Non Dynamic Environment PC Post Test
Group C | Pre Test ‘ Dynamic Environment VR | Post Test ‘

Figure55. Datasets

7.3 Datapreparation

This sectiondescribesvherethe datafor analysiscamefrom andhow it wasmanipulatedo ensurethat

duplicates and errors were omitted from the analysis.

Thepreandposttestsgenerat@acommaseparatedextfile whichwasimportedinto Accesdor checking
andgrouping. Theenvironmengenerated commaseparatedextfile for eachcompletedask,i L o o k 0 ,
ATouar P I awhewas alsoimportedinto Accessfor checkingand grouping. A list of

respondents
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emailswhichappearedh the preandposttestscorediles, theprofile files andtheenvironmenstatistics

files wereused tacrosscheckthe tables in Acces§igure56).

Pre Test
Data

Environment Profile Cross Post Test
Data Data Check File Data

TestResponses

LookTouchPlaceScores Profiles rossCheckimails ¥

Question
Grouping Data

Figure56. Data Relationships

Queries for each research question were then run to provide the numbstedisbical analysis. The

results of the queries were then imported to SPSS 27 for analysis.

Environmental data @reimported individually into the database and then grouped in a single table. This
table was then linked to the profile data and to a talblielwidentified senses of over. The linksed
wereexclusiveto ensurghatn o i r datawadcduritedwice,andnoduplicateparticipant data would

be included irtheanalysis.
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All analysis data was tested for skewnessrisuret represents a normal distribution. Feeample, the
preandposttestscoredor the stat PCgroup representeshahistogram Figure57), atestfor skewness
(Table12) andaquantilequantileplot (Figure58) suggestshatthe datais normallydistributed.Thetest
for skewness shown ihable 12sits within the range 1 and and is less than double the standard error

suggesting that the data is normally distributed.

Histogram

10 Mean = 4476
Std. Dev. = 7.197
N=21

Frequency

o
2000 30.00 40.00 50.00 60.00

TestScore

Figure57. Histogram of Test Results

Tablel2. Test for Skewness

Descriptive Statistics

TestScore
N Valid 21
Missing 0
Skewness -1.470

Std. Error of Skewness .501
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Normal Q-Q Plot of TestScore
B0

55

50

45

40

Expected Normal Value

35

30
20 30 40 s0 60

Observed Value

Figure58. Q-Q Plot of Test Scores

Where data is not normally distributed a transform variable was created using the formula for positive

skewness:

Equationl

0 € "Q Yrél £DAY D € b X)) 6 Q
Fornegativeskewnesseflectionwasused:

Equation2

0 € "QYGFEED £DAE O L 1d QYR € b )6 'Q
Theresultingnormalisedvalueswerethenusedfor parametric@analysis.

Whereskewnesss calculatedhe evaluationusedwas:
1 If skewnesss lessthan-1 or greaterthanl, the distributionis highly skewed.
1 If skewnesss between1 and-0.50r betweer0.5 andl, thedistributionis moderatelyskewed.
1 If skewnesss between0.5and0.5,thedistributionis approximatelysymmetric

Where ttests showed a statistically significant result the effect size was calculated and evaluated using

Cohendés D rules of thumbi1450. 2 small, 0.5 mediu
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7.4 DescriptiveStatisticsParticipants

During the COVID19 lockdown university participants who speak English as a second language were
invited to participate in the research remotely using the PC version of the Geyuee 80). From 80
responses 40 were able to participdtigyre 59). When COVID19 restrictions were lifted university
participants who speak English as a second language and who attended the Essex University camp
were invited to particiga in the Virtual Reality version of the game. They were approached through a
presentatiomy the researchein oneof their lecturesor throughposteran commonareasof thecampus

or emailedto distributionlists (Figure80). From22 response20 participated(Figure59). Overall,from

a total of 102 respons&d were uncontactable after the initial response, 14 did not have the needed PC
for the remote research, and during the VR sesdigrarticipants felt nauseous and were unable to
continug(Seefi Ot hingFigwre59). VR Participantsvereinformedatthebeginningof theresearctboth
through the participant information sheet and by the researcher that the oculus in some cases can cau
some dizziness and maybe some nausear@dearcher explained that should this occur, they should
stopusingthe headseandcouldif theywishedto, stoptheirresearctsessionOf 20 participantst hada

specific issue with nausea and ended the research session. In all,4heagesticipantsvent on to
complete the PC version of the game without any continuing negative effects. It may be interesting to
note that three of the 4 participants who had an issue with nausea wore glasses. As the oculus he
adjustable lenses and the positionhed leadset on the head is critical to having a clear focus it may be
that theoculus needs to bmore precisely positioned on thead ofthe participant iftheywearglasses.

Some of the participants wore their glasses inside the headset however thisptelaot them from

feeling nauseous.
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102 RESPONSES

PC Problems, 14, 14%

Figure59. Responses to Invitation

A total of 56 University participants (26 male, 30 female), speaking 22 different langrage® 60)

andwho speakEnglishasa secondanguagewererecruitedto the studyby email, presentatio or poster.

These either invited them to participate in the online PC game version or the Virtual Reality version of
the research. No first language selection criteria were 3gdr€60) however, these participants had
attended or were attending, &nglishspeakinguniversity. This was used as a guide to English
proficiencywhichwasfurther seli-reportedn theprofile questionnaire€l0. 2). Participantslid notneed

to be in England to take part because the research was conducted remotely. At the time of this stage ¢
the researchthe Covid 19 pandemic was ongoing, and many participants had returned to their home
counties Participationwasentirelyvoluntary,andall participantsnvereoffereda £10 Amazonvoucher

if they completed the consent fordQ( 1), the profile questionnaird.(. 2, the pre and posgests (0. 3

as well as the game.
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FIRST LANGUAGES OF PARTICIPANTS
Banlgla, 1

Tamil, 1 _ Bengali, 1

_Croatian, 1

_ Dutch, 1
Slovak, 1 7

_Filipino, 1

~—__ French,1

Portuguese, 3

Norwegian, 1 -

Lithuanian, 2 —Indonesian, 1

Figure60. First Language of Participants

All participantsvereallocatedo adaptiveandStaticenvironmentsandomly.

Ethical approval was received from the University of Essex CSEE ethics committee for both the PC
(ETH20210952) and the VR (ETH2021576) studies, and all participants received a participant
information sheet outlining what information was going to beectdld and how it would be used

(Appendix10. 4.

Therandomallocationof environmentsesultedn moremaleparticipantsor the PCadaptiveandmore
female participants for the P&EaticenvironmentsKigure61). As a result of the restrictions caussd
COVID-19 the PC experimentalcondition was completed remotely however, the virtual reality
environmentequiredthe participantgo be presenattheuniversityandthismayhaveskewedhegender

split for thevirtual reality environmentstheresponseto theinvitationswereoverwhelminglyfemale.
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Theagedistributionof participantgepresentghe universitypopulationheavilybiasedowardsthe 18to
24 age groupRigure62) and proficiency in English was perhaps not surprisingly skewed towards Fluent

(Figure63).

PARTICIPANT GENDER SPLIT

m Male mFemale

[
14
10
13
U 6

PC NON DYNAMIC PC DYNAMIC VR DYNAMIC

Figure61.Gender Distribution

PARTICIPANT AGE RANGE SPLIT

m PCNon Dynamic mPCDynamic  m VR Dynamic

18-24

35-44

Figure62. Age Distribution
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PARTICIPANT ENGLISH PROFICIENCY

B PC Non Dynamic  MPCDynamic B YR Dynamic

]
11
6
5
3 11
2 ]

DEVELOPING COMPETENCE COMPETENT FLUENT

Figure63. English Proficiency Distribution

7.5 DescriptiveStatisticsQuestions
Thequestiongonsistedf 13sense®f i O v eachwith threedifferentquestionsThe minimumscore
for each sense was zero and the maximum seas8 (all three questions relating to that sense correctly

answered).

In Table1l3the sense questions are grouped representing both pre anteg®$N is double the number

of participants). All 56 participants across all of the conditions answered all gligstions.
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Table13 PC VR Participants
Participants
Descriptive Statistics? Descriptive Statistics?
N Mean N Mean

Proto 80 2.32 Proto 32 2.44
Excessl 80 45 Excess1 32 .00
OtherSide 80 1.83 OtherSide 32 .00
Completion 80 2.34 Completion 32 50
Transfer 80 2.52 Transfer 32 2.16
Control 80 171 Control 32 .09
Temporal 80 2.73 Temporal 32 281
Cover 80 176 Cover 32 222
Focus 80 2.18 Focus 32 231
Preference 80 2.94 Preference 32 2.94
Reflexive 80 2.64 Reflexive 32 272
Repetition 80 2.93 Repetition 32 2.94
Excess2 80 2.60 Excess2 32 281
Valid N (listwise) 80 Valid N (listwise) 32
a. PC =Yes a.PC =No

7.6 DescriptiveStatisticsTeachingenvironments

The environment measures are measures of participant activity in response to environmental chang
(adaptiveenvironment) or lack of chang8taticenvironment) as determined by the proposed framework
Table 15 These measures can be compared imdagtiveand static environments as wa# to the pre

andposttestscores and the profile variables.
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Tablel4. Framework Values and Actions

Non . Non < Non .
Dynamic Dyriamic Dynamic Dyramic Dynamic Evoamic
Wind X X X v X v
Diegetic = lisht X X X v X v
o Sound X X X v X v
=
O Move X v X X X X
g Items | Render X v X X X X
o Light X v X X X X
é & -4 @ o
w ask Type & Data ges B2eg| 22 29 gef |2=of
" Tasksense S32| 233 | 28x| 232|235 225>
* Tmetakentosover® | F 35 | S35 | F2F | FIF 33335 F338
274 319 g challenge Q;E aag’ 853 - n.zg‘as 0395
* Number of Correct: [ 2] [ ®g o< ®ES ®cs
Looks / Touches / Places ﬁ-"; 0-32 a o a 9 ﬁ°§ G-°§
Enaction Look Touch Place

Thedescriptivestatistics forenvironmental events adescribed imrable15. They aresplit into PCand
VR groupsshownin Table 16 and Table 17 whereall casesvererepresenteddowever,some actions
suchasfi s e s1ls ie p qr i@ &l Dfa ayie lismat @edenin all completeddatasetsbecausehey were not
triggered. Only the events Al ook o0,'saitions withithe
challengesAll othereventsareintendedo marktime betweersignificantwaypoints suclas completing

a sense or failing at a stage.

Tablel15. Event Descriptions

Event Description

ChangeTo Sense Marksthemomentthe nextsensechallenges started

Look Raycastdrom themouseor VR headsehaveintersectednitem
Touch Eithermousedownor VR handgrabanitem

Place Itemreleasedrom mouseor VR handgrab

SenseComplete All taskscompletedontheisland

SenseSkipped Islandskipped specificallythelifebuoy in thegamewastouched
StageFailure A taskwasincorrectlycompleted

StageSuccess A taskwascorrectlycompleted
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Tablel16. Descriptive Statistics PC Environmental Events

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation
Look Score 40 -1407 949 -69.85 439.177
Touch Score 40 34 160 63.93 27.951
Place Score 40 47 179 103.82 35.584
Valid N (listwise) 40
a. PC =Yes

Tablel17. Descriptive Statistics VR Environmental Events

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation
Look Score 16 -290 1624 970.88 537.588
Touch Score 16 83 166 129.13 20.379
Place Score 16 67 110 82.94 13.714
Valid N (listwise) 16

a. PC =No

All but one action in both environmenssormally distributed and can be analysed with parametric tests.
Theplaceactionin the VR environmenshowsa positiveskewhoweverit alsohasvery few actions per
participant to be significant.

A total of 137,254eventsverecapturedrom 56 completedyamesThedifferentapproaches capturing
events based on tipdatformused aralescribed in sectiofh. 7and arehe causeof the differencein the

number of eventsaptured Table18).
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Tablel8. Total Environment Events

Descriptive Statistics

PC N Minimum Maximum Mean Std. Deviation
Count Of Score 16 1470.00 8985.00 4282.4375 1561.56076
No valid N (listwise) 16
Count Of Score 40 367.00 6680.00 1141.2000 1305.14980
Y& Valid N (iistwise) 40

7.7 InferentialTestScoreAnalysis

This section describes the analysis of the session test scores for each cdfidii@6d). It describes

the significantdifferencesetweerthe meanscoredor the preand posttestsoverall,andthenthemean
scores for pre and petgsts broken down by condition i.e., those relating to the PC environment and
those redting to the VR environment and is intended to look for evidence to help understand the first
researclguestion(Tablel). Pairedsampleg-tests araisedas thebeforeandaftertestsresultsaretaken

from the same individuals.

[ Post Test -

Non Dynamic Env. PC
Dynamic Env. PC
Dynamic Env. VR

Pre Test ]—

Figure64. All Conditions Tested
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Tablel. Research Questions

ResearchQuestion1l | Did theuseof eitherthe VR or PCgamehelpL2 Englishuserasmprovetheir

knowledgeof thevariousmeaningsob ov er 6 ?

ResearchQuestion2 | Did interactionsn theVR or PCgamediffer by taskanddid thosedifferences

correlateto differencedn performancer profile?

ResearchQuestion3 | Did performancerary by senseor mechanic?

ResearchQuestion4 | Did profile differences between p ar t i ¢ fagoa nnt predicting

performancen theVR or PCgame?

The rormality of preandposttestscoresvas confirmedisingQ-Q Plots(Figure65, Figure66, Figure67,
Figure68). 19 participants completed a single session withattegptivePC environment. Their pre and
posttest mean score3 éble19) were lower before using the environment (M=41.32, SD=6tg#)after
(M=42.84SD=8.15).Thisimprovementvastoo smallto bestatisticallysignificant, the difference between

the means was only 1.5&ith p 0.128>0.05Table20).

Table19. Static PC Mean Test Scores

Paired Samples Statistics

Std. Std.
Deviati Error
Mean N on Mean
Pair1  Sessionl 43.57 21  6.787 1.481
Session2 44.71 21 7.191 1.569
Table20. AdaptivePC Paired TTest
Paired Samples Test
Paired Differences
95% Confidence
Std. Std. Interval of the
Deviati  Error Difference Sig. (2-
Mean on Mean Lower Upper t df tailed)

Pair 1 ~ Sessionl - Session2 -1.526  4.168 956 -3.535 483  -1.596 18 .128
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21 participants completed a single session wittSttaéicPC environment. Their pre and posst mean

scores Table 19) were lower before using the environment (M=43.57, SD=6.79) than after (M=44.71

SD=7.19). This improvement was statistigadignificant, the difference between the means a4

with p 0.022<0.05Table21, Table22).

Table21. Static PC Paired-Test

Paired Samples Test

Paired Differences

95% Confidence

Std. Std. Interval of the
Deviati  Error Difference Sig. (2-
Mean on Mean Lower Upper t df tailed)
Pair 1 Sessionli Session2 -1.143 2.104 459 -2.101 -185 -2.489 20 .022
Table22. AdaptiveVR Mean Test Scores
Paired Samples Statistics
Std. Std.
Deviati  Error
Mean N on Mean
Pair 1 PreTestScore 22.94 16  3.890 972
PostTestScore 24.94 16 2380  .595

TheC o h entest§Table23) indicateghatthe effectsizeof thedifferencewasmedium(pointestimate

-0.543)
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Table23. Cohen's D EffecBize PC Static

Paired Samples Effect Sizes

Standardi Point 95% Confidence Interval
zer? Estimate Lower Upper
Pair1  Sessionli Session2  Cohen'sd 2.104 -.543 -.996 -.078
Hedges' 2.145 -.533 -.978 -.077

correction

a. The denominator used in estimating the effect sizes.
Cohen's d uses the sample standard deviation of the mean difference.
Hedges' correction uses the sample standard deviation of the mean difference, plus a correction factor.

16 participants completed a single session withaitieptiveVR environment. Their pre and pesist
mean scoresT@ble 23 were lower before using the environment (M=22.94, SD=3.89) tham aft

(M=24.94 SD=2.38). This improvement was statistically significant, the difference between the means

was-2.00 with p 0.004<0.05T@able24).

Table24. AdaptiveVR Paired FTest

Paired Samples Test

Paired Differences

95% Confidence
Std. Std. Interval of the
Deviati ~ Error Difference Sig. (2-
Mean on Mean Lower  Upper t df tailed)
Pair 1 PreTestScore - -2.000 2.394 599 -3.276 -724  -3.341 15 .004

PostTestScore
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TheC o h entés§Table25) indicateghatthe effectsizeof thedifferencewasstrong(pointestimate-

0.835)

Table25. Cohen's D Effect Size VRdaptive

Paired Samples Effect Sizes

Point 95% Confidence Interval
Standar Estimat
dizer? e Lower Upper
Pair 1 PreTestScore - Cohen'sd 2.394 -.835 -1.398 -.253
PostTestScore Hedges' correction 2.456 -.814 -1.362 -.246

a. The denominator used in estimating the effect sizes.

Cohen's d uses the sample standard deviation of the mean difference.

Hedges' correction uses the sample standard deviation of the mean difference, plus a correction factor.

Normal Q-Q Plot of PreTestScore
PC=No

Expected Normal

16 18 20 22 24

Observed Value

Figure65. VR PretestResults

26
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Normal Q-Q Plot of PostTestScore
PC=Yes

Expected Normal

15 20 25 30 35 40

Observed Value

Figure66. PCPosttestResults

Normal Q-Q Plot of PreTestScore
PC=Yes

Expected Normal

10 15 20 25 30 35 40

Observed Value

Figure67. PCPretestResults

Normal Q-Q Plot of PostTestScore
PC= No

Expected Normal

18 20 2 24 26 8 30

Observed Value

Figure68. VR PosttestResults
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A further comparison of test scardetween the two environment3aple 26) which indicates a
statistically significant difference i.e., VR and P&dtig shows thathe PC staticenvironmen@appears

to have greater statistical significance (PC Non = p0.003<0.05 VR = p0.04<Dabfg 27).

Table26. PC Non & VRAdaptive

Paired Samples Statistics

Std. Std.
Deviati  Error
Adaptive Mean N on Mean
N Pair1  PreTestScore 29.67 21 5003 1.092
PostTestScore 31.33 21 5092 1111
Y Pair1  PreTestScore 22.94 16  3.890 972
PostTestScore 24.94 16 2.380 .595

PopulationPyramid Frequencychartsshowthe testscoredifferences( fi B @ shiowsthe Static PC
scor es ashdwsih®\R tastascoreigure69, Figure70) with PC test scores generally higher

as previously showin the mean valueg éble 20 Table 23.

Table27. PC Non and VRAdaptivePaired FTest

Paired Samples Test

Paired Differences

95% Confidence
Std. Std. Interval of the
Deviati  Error Difference Sig. (2-
Adaptive Mean on Mean Lower  Upper t df tailed)
N Pair 1 PreTestScore - -1.667 2.221 485 -2.678 -.656 -3.439 20 .003
PostTestScore
Y Pair 1 PreTestScore - -2.000 2.394 599 -3.276 -724 -3.341 15 .004
PostTestScore

The following populatiorfrequencies show results for PC on the left (PC Yes) and results for VR on the right
(PC No).
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PostTestScore

3s

25

PreTestScore

Population Pyramid Frequency Post Test Score by PC and VR
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40
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o
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Figure69. PC Static Versus VIRosttestScores
Population Pyramid Frequency Pre Test Score by PC and VR
PC
Yes No
40 40
35 35
30 30
25 25
20 20
15 15
10 10
50 60

6.0 50 40 30 20 1.0 oo 10 20 30 40

Figure70. PC Static Versus VRretestScores

810281531 3.d
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The PC testscoreswere higher overall thanthe VR testscoreswith PC Static higher thanAdaptive

(Figure71).
Population Pyramid Frequency Post Test Score by Adaptive and Static
¥ N

40 40

35 35
o o
S 30 30 E
i @
% 25 25 g
-
o @

20 20

15 15

4.0

Filtered by FC wvariable

Figure71 PCAdaptiveand Static Prdest Scores

Summary: The use of all three environments resulted in the improveroerest scores. Two
environments produced a statistically significant increase, theseheeRCstaticenvironmentnd the

VR adaptiveenvironment. The P&taticenvironmentiad a moderate effect size which means that it had
some effect on the poeststresult. TheVR hada strong effect siz&hich meanst hada strongeffecton

the posttestresult. The meanscoredor theremotetestswere generallyigherthanthe meanscoredor

theVR testsandthiswastruefor bothpreandposttestscores.

Discussion:While the challengesn bothenvironmentswe'rethe sameandthetestswerethe samethe
conditions under which the challenges and testse undertaken differed. There is the possibility that
remote test results were tipeoduct of ceconstructed consensus (i.e., the result of discussion and

consensusf a group)ratherthanthe work of anindividual. Evenwith this confoundingfactorthe VR



116

thecondition produced the greatest impacposttestscoresThis result suggests thi#ie environmental
changes were sufficient to guide the playansl that this guidance supported the playaiodity to
demonstrate their new understandofghe conce in the challengesiven that thedesign methods
described in chapter were used in both the static and adaptive VR gameppears likely that the
adaptive nature of the game had a positive effect on the pRyeher research may reveal to what

extent test conditions affected the results.

Tablel. ResearciQuestions

ResearchQuestion1 | Did theuseof eitherthe VR or PCgamehelpL2 Englishuseramprovetheir

knowledgeof thevariousmeaningsob ov er 6 ?

ResearchQuestion2 | Did interactionsn theVR or PCgamediffer by taskanddid thosedifferences

correlateto differencedn performancer profile?

ResearchQuestion3 | Did performancevary by senseor mechanic?

ResearchQuestion4 | Did profile differences between p ar t i c fagoa nnt predicting

performancen theVR or PCgame?

Therewasnostatisticallysignificantdifferencebetweerpreandposttestscoreof thegroupingsgender,

English proficiency and Education level in the PC and VR groups as determimeetway ANOVA

(9. 9, Table50, Table51, Table52, Table53). Therewas astatistically significantlifferencebetween

the pre andposttest scores of age groupings within the 16 participantable 28) using the VR
environment, as determined lyneway ANOVA (Analysis of Variance]Table 29), (F(5.385)p 0.36
<0.05). ANOVA was used for this analysis as the age groups were independent i.e., this did not include
repeated measures. The differences are also shown by the population pyramid frequendyiginarts (

72, Figure73).

Table28. Age Frequency VR

age

Valid Cumulative

Frequency Per cent Percent  Per cent

Valid 18-24 6 37.5 375 37.5
25-34 10 62.5 62.5 100.0

Total 16 100.0 100.0




PreTestScore

Table29. Comparison of Age Performance VR

30

25

20

15

10

ANOVA
Sum of Mean
Squares df Square F Sig.
PreTestScore Between Groups 63.038 1 63.038 5.385 .036
Within Groups 163.900 14 11.707
Total 226.938 15
PostTestScore Between Groups 23.438 1 23.438 5.335 .037
Within Groups 61.500 14 4.393
Total 84.938 15

Population Pyramid Frequency PreTestScore by age
age
18-24 25-34

50 40 30 20 10 oo 1.0 20 30 40 50

Figure72. PreTest VR Age Comparison
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10

21028]59]3.d
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Population Pyramid Frequency PostTestScore by age
age

18-24 25-34

30 30

23 23

26 26

24 24

2103815911504

PostTestScore

22 22

20 20

18 18

30 20 10 0o 10 20 30

Figure73. PosttestVR Age Comparison

Summary: Whencomparingthetestresultsbrokendownby age,it appearshatin the VR environment

younger participants performed significantly better than older participants.

Discussion: Age may be a factor when using more recent technology such as VR, however, in this
researchtherewereonly 16 participantsn theVR condition,andit maybeincorrectto draw conclusions

from the differences in such a small sample. As the VR condition was controlled by the researcher it
seems unlikely thatther factors wereausing the difference in performance by age and the comparison

does appear to warrant further study.
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7.8 Inferential EnvironmentAnalysis: PC Staticand VR Conditions
This section describes the analysis of the environmental scores for the conditions which showed &
significant difference in test scores and compdnem to profile items and test scor&sglre 74). It

describes the relationship between the actions taken in the environment and the participants.

[ Environment Scores ]-1—

Profile
Test
Score

Figure74.Analysis ofEnvironment’ Profile / Test Score

Tablel. Research Questions

ResearchQuestion1l | Did theuseof eitherthe VR or PCgamehelpL2 Englishuseramprovetheir

knowledgeof thevariousmeaning®fé6 ov er 6 ?

ResearchQuestion2 | Did interactionsn theVR or PCgamediffer by taskanddid thosedifferences

correlateto differencesn performancer profile?

ResearchQuestion3 | Did performancevary by senseor mechanic?

ResearchQuestion4 | Did profile differences between p ar t i c fagoa nnt prédicting

performancen theVR or PCgame?

Thetimetakento completehePCAdaptive environmentvastestedandfoundto benormallydistributed

(Table30)
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Table30. PCAdaptiveEnv. Time
Descriptive Statistics
N Minimum Maximum Mean Std. Deviation Skewness
Statistic Statistic Statistic Statistic Statistic Statistic Std. Error
Time 19 5.00 98.00 37.1579 43.19370 767 524
Valid N (listwise) 19
Table31. PC Static Env. Time
Descriptive Statistics
N Minimum Maximum Mean Std. Deviation Skewness
Statistic Statistic Statistic Statistic Statistic Statistic Std. Error
Time 21 5.00 50.00 21.5238 11.20990 .846 501
Valid N (listwise) 21

The time taken to complete the VR environment was tested and also found to be normally distributed

(Table32)

Table32. VR Env. Time

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation Skewness
Statistic Statistic Statistic Statistic Statistic Statistic Std. Error
Time 16 18.00 98.00 42.1250 29.66227 .807 .564
Valid N (listwise) 16

The mean completion duration for the FXdaptive environmentwas M=37 minutes, the mean

completion time for the P&atic environmentwas M=21.5 minutes and the mean completion time for

the VR environment was M=42 minutes.
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16 participants completedsinglesession in the VRnvironment Table33). Their actions scores were

ilooko (M=1013, SD=442)
completed a single session in tB&ticPC environmentTable 34 .
M=-272, SD=330) Atoucho (MMHB SD=25pD=25)

Table33. Descriptive Statistics for Action Scores

Descriptive Statistics

r acti
and

fipt| cauidel®s) SD=M)y 212participadtd = 2 0
Thei

ons S

Anpl ac

PC N Minimum Maximum Mean Std. Deviation

No Look Score 16 182 1624 1013.38 448.117
Touch Score 16 83 166 129.13 20.379
Place Score 16 67 110 82.94 13.714
Valid N (listwise) 16

Yes Look Score 21 -1407 293 -272.29 330.958
Touch Score 21 40 160 64.76 25.345
Place Score 21 71 179 108.86 25.523
Valid N (listwise) 21

VR Environmentakcoresveretestedor normality(Table34). Thefi L o @doréwasmarginallyoutside

whatwould be consideredymmetrical Skewness.525)andtheii T o u(8kewness.345)andfi P| a c e O

(Skewness .481) scores were within what would be considered symmetrical i.e., normally distributed.

The fALookd score was not adjusted.
Table34. VR Env. Tesfor Normality
Descriptive Statistics
N Minimum Maximum Mean Std. Deviation Skewness
Statistic Statistic Statistic Statistic Statistic Statistic Std. Error
Look Score 16 282 1624 1019.63 436.290 -.525 .564
Touch Score 16 83 166 129.13 20.379 -.345 .564
Place Score 16 67 110 82.94 13.714 481 .564
Valid N (listwise) 16
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When comparing action scores, the 16 VR participédntso o k 6 , it o wcolsodid aat ghowd p | a
a statistically significant difference fgender Table50, Table53), Age (Table52), Education Table
51), or English proficiencyTable53) (Tables for reference in appendix Sectln 9. Summary: profile

had no statistically significant effect on actions scores in the VR environment.

PC StaticEnvironmental scores were tested for normalitslqle 34, Table35) . The A lwaso k 0
marginallyoutsidewhatwould be consideregymmetricaSkewness.574)andtheii Touc h o6 ( Sk e
-. 46 3) and APl aced (Skewness . 838) Sscores wer e

normal ly distributed. The fALookO score was not

Table35. PC Static Env. Test for Normality

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation Skewness
Statistic Statistic Statistic Statistic Statistic Statistic Std. Error
Look Score 21 -476.00 293.00 -214.6190 184.69961 574 .501
Touch Score 21 40.00 71.00 56.6190 6.86641 -.463 .501
Place Score 21 71.00 155.00 106.3333 20.33306 .838 .501
Valid N (listwise) 21

When comparing action scorélse21 PCStaticparticipantsi | o @ k @ uacnhdd A gcora dideai
showastatisticallysignificantdifferencefor gender(Table56,), Age (Table54) Education(Table57), or
English proficiency Table61) (Tables for reference in appendix Sect®rd). Summary: profile had

no statistically significant effect on actions scores inStaticPC environment.

Discussion from the measuremenis appears that the actions inside each environment were consistent
regardless of age, education level, gender or role. The time spent solving the challenges was longer i
the VR environment and this is possibly to be expected as the VR environmentt ditlomothe
participants to stanih the centreof theisland and completdhetask as the PC environment did. Future
researchmayshow alink betweerthe amountof time spentin the environmentandtheimprovement in

performance as the V&daptive environmerdid show the strongest effect posttestresults.
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7.9 InferentialQuestionAnalysisAll Environments

Questions in the pre angbsttess wer e structur ed s dadthhea queseoasc h
relating to it(Figure75). Within the gamgthese senses had physical actions (mechafiab)€ 3 which
needed to beerformed to completéhe challengeon an island. This analysis section explores the
relationshipbetweerthesensescoresn thetestsandthe groupingof thosesensesy themechanian the
challengesSensescoresaretreatedasscalefor parametridests.Thereareonly threequestionpersense

with a minimum score of 0 and a maximum score of 3.

[ Questions

Senses
Mechanic

Figure75. Analysis of EnvironmeniSense

Tablel. Research Questions

ResearchQuestionl | Did theuseof eitherthe VR or PCgamehelpL2 Englishuseramprovetheir

knowledgeof thevariousmeaningsob ov er 6 ?

ResearchQuestion2 | Did interactionsn theVR or PCgamediffer by taskanddid thosedifferences

correlateto differencesn performancer profile?

ResearchQuestion3 | Did performancesary by senseor mechanic?

ResearchQuestion4 | Did profile differences between p ar t i c fagos nnt prédicting

performancen the VR or PCgame?

Across allconditions the sense scoreis pre andposttestresultsfor all 56 participants(Table36 all
conditions)showa statisticallysignificantdifferencefor i ¢ o E0r001< 0.05),fit e mp(p 0.082 0O

<0.05)andi e x c:enerat zh a(p0W16 <0.05)senses.
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Table36. Session Comparison of Sense Scores

Paired Samples Test

Paired Differences

95% Confidence
Std. Interval of the

Std. Error Difference Sig. (2-

Mean Deviation Mean Lower Upper t tailed)
Pair 1 Proto Session 1 vs 2 150 .864 137 -.126 426 1.098 279
Pair 2 Excessl Session 1 vs 2 -.150 .802 127 -.407 107 -1.183 244
Pair 3 Other Side Session 1 vs 2 -.100 744 118 -.338 138 -850 401
Pair 4 Complete Session 1 vs 2 -.075 .526 .083 -.243 .093  -.902 372
Pair 5 Transfer Session 1 vs 2 .050 .597 .094 -.141 241 .530 .599
Pair 6 Control Session 1 vs 2 -.075 .829 31 -.340 190 -.572 .570
Pair 7 Temporal Session 1 vs 2 -.150 427 .067 -.286 -.014 -2.223 .032
Pair 8 Cover Session 1 vs 2 -.425 747 118 -.664 -186 -3.597 .001
Pair 9 Focus Session 1 vs 2 -.200 .823 .130 -.463 .063 -1.537 132
Pair 10 Preference Session 1 vs 2 .025 .357 .056 -.089 139 443 .660
Pair 11 Reflexive Session 1 vs 2 -.025 .480 .076 -178 128  -.330 743
Pair 12 Repeat Session 1 vs 2 .100 .379 .060 -.021 221  1.669 .103
Pair 13 Excess2 Session 1 vs 2 -.250 .630 .100 -.452 -.048 -2.508 .016

Wheresessiorl is the pre-testandsessior? is theposttestthefi C o vneeanicreasedrom m=1.71to

m=2.07(Table37, Figure76),i E x ¢ ereanidadeasedrom m=1.71to m=2.07(Table38, Figure77),

and

the ATemporal 0 mean i Table3®ased from m=1.

Table37. Sense Cover Mean Increase

Descriptive Statistics

Std.
Minimu Maximu Deviati
Session N m m Mean on
1.00 Cover 56 .00 3.00 1.7143 .92862
Valid N (listwise) 56
2.00 Cover 56 .00 3.00 2.0714 .82808

Valid N (listwise) 56

71
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Cover
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Population Pyramid Count Cover by Session
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Figure76. Cover Score Frequency

Table38. Sense Excess Mean Increase

Descriptive Statistics

Std. Deviati
Minimum  Maximum on
Session N Mean
1.00 Excess2 56 .00 3.00 2.553 71146
6
Valid N (listwise) 56
2.00 Excess2 56 .00 3.00 2.767 .63220
9
Valid N (listwise) 56

3.00

2.00

1.00

.00

19A0D)
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Figure77. Excess Score Frequency

Table39. Sense Temporal Mean Increase

Descriptive Statistics

Std.
Minimu Maximu Deviati
Session N m m Mean on
1.00 Temporal 56 .00 3.00 2.6607 .64036
Valid N (listwise) 56
2.00 Temporal 56 2.00 3.00 2.8393 .37059
Valid N (listwise) 56




When comparing all conditions for all 56 participants, the sense scores in ppesttestresults in
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adaptiveand Static environments Table 40) show a statistically significant difference for the senses

i ¢ o wtatic(p 0.001 < 0.05) compared &olaptive( p

0.

083

<

Ostaficp P.160>010%®) mp o r

comparedo adaptive(p 0.020< 0.05),andfi e x c:ensret 2h aStatic(p 0.765 > 0.05) compared to

adaptive(p 0.004 < 0.05) senses (Zeros excluded).

Theeffectsizes(Section9. 11, Table62) for fi ¢ o \staticveeremedium( -0.545)comparedo adaptive

low (-.210),i t e mp monlaM (0221), comparedo adaptve low (-.285),andfi e X c-m8 5 @

t han

Staticlow (-.068), compared tadaptivdow (-.358), senseSummary: theseeffectsizes were low and

likely to be insignificant.

Table40. Comparison of Sense Scorkdaptive

Paired Samples Test

Paired Differences

95% Confidence
Std. Std. Interval of the
Deviatio  Error Difference Sig. (2-
Adaptive Mean n Mean Lower Upper t df tailed)
N Parl Proto Session 1vs 2 02381 41249  .06365 -10473  .15235 374 41 710
Pair 2 Excess Session 1 vs 2 -.11905 59274 .09146 -.30376 .06566 -1.302 41 .200
Pair3  Other Side Session 1 vs 2 -07143 40682 .06277 -19820 .05535 -1.138 41 262
pair4 ~ Completion Session 1 vs 2 -04762 21554 .03326 -.11479 .01955  -1.432 41 160
Pair5  Transfer Session 1 vs 2 -07143 34165 .05272 -17789  .03504  -1.355 41 .183
Pair 6 Control Session 1 vs 2 -.04762 .58236 .08986 -.22909 .13386 -530 41 599
Pair7  Temporal Session 1 vs 2 -04762 21554 03326 -.11479 01955  -1.432 41 .160
Pair8  Cover Session 1 vs 2 -33333  .61154  .09436 -52390 -.14276 -3.532 41 .001
Pair 9 Focus Session 1 vs 2 -.07143 40682 .06277 -.19820 .05535 -1.138 41 .262
Pair 11 Reflexive Session 1 vs 2 -.02381  .26943  .04157 -10777 .06015 -573 41 570
Pair 13 Excess2 Session 1vs 2 -.02381 34838  .05376 -.13237  .08475 -443 41 .660
Y Pairl Proto Session 1 vs 2 .04286 .66889 .07995 -.11663 .20235 .536 69 594
Pair2  Excess Session 1vs 2 -.01429 39902 .04769 -.10943 .08086 -.300 69 765
Pair3  Other Side Session 1 vs 2 02857 58907 .07041 -11189  .16903 406 69 .686
Pair4 Completion Session 1 vs 2 -07143 46067 .05506 -18127 03841  -1.297 69 199
Pair5 Transfer Session 1vs 2 -.05714 53530 .06398 -.18478  .07049 -.893 69 375
Pair6  Control Session 1 vs 2 -05714 56172 .06714 -19108 .07679 -.851 69 .398
Pair7  Temporal Session 1 vs 2 -11429 40083 .04791 -20986 -01871  -2.386 69 .020
Pair 8 Cover Session 1vs 2 -.08571 40799 .04876 -.18300 .01157 -1.758 69 .083
Pair 9 Focus Session 1 vs 2 -.12857 .70034 .08371  -.29556 .03842 -1.536 69 129
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Pair 11 Reflexive Session 1 vs 2 -.01429 43382 .05185 -.11773  .08915 -276 69 784
Pair 13 Excess2 Session 1 vs 2 -15714 43857  .05242 -26172 -05257  -2.998 69 .004
Pair 10 Preference Session 1 vs 2 01429 26881 .03213 -04981 .07838 445 69 658

Pair 12 Repetition Session 1 vs 2 .05714 .28921 .03457 -.01182 12610 1.653 69 103
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Mechanics are described in sectbn7 and are not evenly distributed among the senses in the game.
AExpl oringo and ASortingo relate to the action
relates to 3 senses nses @The folMaingaralysrs i of the participastees t o

(total of successful answers) for the senses grouped by the mechanic.

In the VR adaptive environmesimechanicscoregmechanicscoreis thetotal of thesensescoreswvhich
aregroupedunderthe mechanic, sectiod. 7) weretestedfor statisticallysignificantchangesii Sor t i ng
(Table41, Table42shows a statistically significant difference betweengesres (p 0.005 < 0.05). The

Cohends D p dable 43 eftest size,muagyests tliis had a medium effect (size is greater than

5).
Table41. VR Mechanic Paed T-Test
Paired Samples Test?
Paired Differences

95% Confidence

Std. Std. Interval of the
Deviati  Error Difference Sig. (2-
Mean on Mean Lower Upper t df tailed)
Pair1  Sortingl - Sorting2 -.28125 52267 .09240 -.46969 -.09281 -3.044 31 .005
Pair 2 Exploringl - Exploring2 -12500 .65991 .11666 -.36292 .11292 -1.072 31 .292
Pair 3  Orderingl - Ordering2 -09375 .29614 .05235 -.20052 .01302 -1.791 31 .083
Pair4  Selectingl - Selecting2 -18750 .53506 .09459 -.38041 .00541 -1.982 31 .056
Pair5  Matchingl - Matching2 -21875 .79248 .14009 -.50447 .06697 -1.561 31 129

a. PC =No, Adaptive = Yes



Table42. VR Mechanic Effect Size

Paired Samples Effect Sizes?
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Standar

dizer®

Point

Estimate Lower

Pair 1

Pair 2

Pair 3

Pair 4

Pair 5

Sortingl - Sorting2

Exploringl - Exploring2

Orderingl - Ordering2

Selectingl - Selecting2

Matchingl - Matching2

Cohen'sd

Hedges' correction
Cohen'sd
Hedges' correction
Cohen'sd
Hedges' correction
Cohen'sd
Hedges' correction
Cohen'sd

Hedges' correction

52267

.52910
.65991
.66803
.29614
.29979
.53506
54164
.79248

.80223

-.538

-.532
-.189
-.187
-317
-.313
-.350
-.346
-.276

-.273

95%
Confidence
Interval
Upper
-.906 -.163
-.895 -.161
-.538 162
-.531 .160
-.669 .041
-.661 .041
-.705 .009
-.696 .009
-.627 .079
-.619 .078

a. PC =No, Adaptive = Yes

b. The denominator used in estimating the effect sizes.

Cohen's d uses the sample standard deviation of the mean difference.

Hedges' correction uses the sample standard deviation of the mean difference, plus a correction

factor.

In the PCstatic environmen® mechanic scores werested forstatistically significantchanges.

A Or d e (Table4B,dable44) showsastatisticallysignificantdifferencebetweertestscoregp 0.001

< 0.05)

C o h e n dabledd effea siza) suggeststthisimead & medigm effect (size is greater

than5).In thePCadaptive environmebimechaniscoresveretestedor statisticallysignificant changes.

None showed a statistically significatifference between test scordable45s)



Table43. PC Satic Mechanic Paired-Test

Paired Samples Test?

Paired Differences

95% Confidence
Std. Std. Interval of the
Deviati  Error Difference Sig. (2-
Mean on Mean Lower Upper t df tailed)
Pair 1 Sortingl - Sorting2 -.07143 .34165 .05272 -.17789 .03504 -1.355 41 .183
Pair2  Exploringl - Exploring2 -07143 40682 .06277 -.19820 .05535 -1.138 41 262
Pair 3 Orderingl - Ordering2 -.33333 .61154 .09436 -.52390 -.14276 -3.532 41 .001
Pair 4 Selectingl - Selecting2 -.02381 .46790 .07220 -.16962 .12200 -.330 41 .743
Pair5  Matchingl - Matching2 -33333 1.1617 .17926 -.69535 .02868 -1.860 41 .070

a. PC = Yes, Adaptive = No

Table44. PC Static Mechanic Effect Sizes

Paired Samples Effect Sizes?®

95% Confidence

Standar  Point Interval
dizer® Estimate Lower Upper
Pair1  Sortingl - Sorting2 Cohen'sd .34165 -209 -514 .098
Hedges' correction .34482 -.207 -.509 .097
Pair 2  Exploringl - Exploring2 Cohen'sd .40682 -176  -.479 .130
Hedges' correction 41059 -174  -.475 129
Pair 3  Orderingl - Ordering2 Cohen'sd .61154 -545 -.867 -.218
Hedges' correction .61721 -540 -.859 -.216
Pair4  Selectingl - Selecting2 Cohen'sd 46790 -.051 -.353 .252
Hedges' correction A7224 -.050 -.350 .250
Pair5  Matchingl - Matching2 Cohen'sd 1.16172 -.287 -.594 .023
Hedges' correction 1.17248 -.284 -.589 .023

a. PC =Yes, Adaptive = No

b. The denominator used in estimating the effect sizes.

Cohen's d uses the sample standard deviation of the mean difference.

Hedges' correction uses the sample standard deviation of the mean difference, plus a correction

factor.

131
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Table45. PC AdaptiveMechanic Paired -Test

Paired Samples Test?

Paired Differences

95% Confidence

Std. Std. Interval of the
Deviati  Error Difference Sig. (2-
Mean on Mean Lower Upper t df tailed)
Pair 1 Sortingl - Sorting2 13158 .47483 .07703 -.02449 .28765 1.708 37 .096
Pair 2 Exploringl - Exploring2 -13158 .74148 .12028 -.37530 .11214 -1.094 37 .281
Pair 3 Orderingl - Ordering2 .02632 .63616 .10320 -.18278 .23541 .255 37 .800
Pair 4  Selectingl - Selecting2 13158 1.2557 .20370 -.28116 .54432 .646 37 .522
Pair 5 Matchingl - Matching2 -42105 1.4071 .22827 -.88357 .04147 -1.845 37 .073

a. PC =Yes, Adaptive = Yes
Summary: i n the VR environment Asortingo which

statistically significant differencein testscores.In the PC static environmentfi o r d e whicmvgag
represented in two senselowed a statistically significant difference in test scores. Both with a medium

effect on scores.

Discussion Thesortingchallengen VR provedto be oneof the moredifficult. Of the 16 participants

verbally requested clarification on the challenfjanay be that the increased complexity resulted in
increased attention and that having to consider actions resulted in a more memorable experience. Th
converg mayalsobetrue. Thesimplicity neededor agameandchallengenhich couldbe completedy

awide rangeof people with awide rangeof computerskills, as described in design methods chapter 4
mayhavereducedhe cognitiverequirements tasucha simplistic level thatthe challengesvere almost
automaticfor someparticipantsin the PCstaticenvironmenttheA or der i ngo sense wa
the Acover o chal |l en g &hesesedsesiohotappdatcbprelatedanditéshat | | e r
immediatelyapparentvhy the mechanic ofiorderingd would haveanysignificancelt maybeusefulfor

futureresearcho understandhow ordering and other mechanics influence learning outcomes.
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8 Discussion Conclusion,Contribution, and Future Research

8.1 Discussion
This researchusedtwo main platforms. The VR platform and he PC versionwhich was essentiallya
responseo COVID restrictions.The teachinggamewas created forVR and adaptedor the PC
environment when it becanaotearthat thevirtual reality research would be delayed due to COXYED
Thehumancomputer interaction (HCsedwith a PC is very different from that experienced in virtual
reality [46] and initially the VR interactions were too compléx copy directly to the PC as thegquired
participantsto navigatewith too many keystrols Pilot testsshowed that interactioreceived a better
reaction from the players whénwas essentiallafi p o andct| i fanktion. Theresult ofthisii p o i nt
andc | i mekhodwas that the participants did not need to engage witlerkionment in an overly
computedliteratddexterous wayThis is in line withthe design consideration in chapter df4educing
complexity outside of the challengestead playerswere able to review the scene and select and drop
items from tables optthe target boxes without having to engage the avatar with the environment. Given
that theadaptiveelements of the environment were intended to be subtle, it is perhaps not surprising that
in a PC environment where engagement was less immersive, tle affeuch subtle changesaw
negligible. Thismayalsobeaneffectof perceptiomproximity. In virtual reality, a participantwould look
atabird onatableand thebird wouldturnto look directly atthem.In the PCenvironmentheparticipant
surveysthe screerandmust discern whethgfor example, the bird is looking at the avatar. It could be
said that a key learning point from this research isdhatdaptive environment intended to influence
behaviourmay requireas a preregsite an immersive environment such as virtual reality. The fact that
the only strong effect seen on learning outcomesmeasuredn the virtual reality environment which
usedadaptivechangesmay support this theory. Situational effects such as chamgies wind and light
functions have distinctly differemffectsin virtual reality.In VR these changes immerse the participant
in the environmentwhereas on a PC screen the participgaspectatoof the change®ccurringonthe
screen.The designframeworkis intendedto be subtle,andthe changesare not intendedto enterthe
playefsconsciousnesdirectly. Essentiallythisis the difference between seeing the environment change

and feeihg the environment changing.
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Generally, the test sailts from both PC game conditions were higher than the test results in the virtual
reality version. This was true for both the pest and the pogest and maype due to the remote nature

of the experimental conditions. Remote testing is very diffaetassroorrbasedtesting; however,

they need not necessarily be less effecfii46]. Even though the test themselves were the same,
anecdotally remote tests were the source of discussion and as athesstiores could represent-co
constructed conclusions. It may be interesting to compare landpasge online tests where-co

construction was an experimental condition.

In thisresearchparticipantsvereonly ableto experienceheenvironment®nce.Thislimitedthefi | ear n,
practice, mastero | oop, a n onlapguageconceptd) the participants ¢ h €
may not have had enough experiewtt the game tahange behaviour. In approximately 38%cases,
datareceivedrom thosecompletingthe PCchallengaemotelyshowedhatthegamehad been restarted

at least onceDoes this poséhe question; were the remote participants playing the game several times?
If they were, this could point to either; the novelty of the game; a desire to learn the preparstioply
technologyfailure. Eitherway, it is unlikely thatrepeateglay would accountfor the higher scores in the

PC group. If repeating gameplay was the key factor, only thetpsisscore averag@suld havebeen

higher.

Thelower actionscoresn the PCgameareunlikely to be attributableto the difference in mechanics as

PC players did not need to move to the ceotrihe island or towards the tables. The time spent inside
the VR game was longer (5 minutes) than the PC game and a future study might include supervised us
of the PC game to see whether the difference in time spent was due to the actual game or the supervisic

of it.
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8.2 Conclusion

Thisthesisconsiderghe potentialof adaptiveenvironmentgor theenhancemerdf learning.lt usesthe

concept of an English preposition as the lens through which to explore the effeatamifve
environmental changes on participants learning outcomes. This exploration was conducted through the
use of a serious game designed and implemented on taoaseplatforms. A PC platform which
participants used remotely on their PCs and a virtual reality platform was used with the supervision of
the researcher. The research hypothesis suggested that if the environment reacted ianmrsiative

waysto the correct andncorrect action®f the participants,thesereactionswould act as a form of

scaffolding for the learning process. The data for analysis was collected from:

pregamendpostgameteststo measuralifferencesn understanding
actionsweretakenby the participantswithin thegame
theamountof time takenby participants taaompletethe gameon thedifferentplatforms

guestion®rganisedased orthe meaningghattheyrepresent

= =/ =4 4 =

guestionswith themechanicaisedwithin thegameconsidered
The analysis was focused upon 4 research questions:

1) Did the use of either the VR or PC game help L2 English users improve their knowledge of the

various meanings of oOover6?

The use of all environments resulted in test score improvements. Howe/ehange in test scores in
the PCadaptive environmentas not statistically significant. While the change inde&icenvironment
testscoreswasstatistically significantjn thatit hadwhatwould be consideredo havehad amedium
effectonthechangeTheimprovementn testscoresftertheuseof the VR environmentvas statistically
significantandits effect wasconsideredtrong,thereforethe VR environmenicould be considerethe
moresuccessfubf theconditionsin improvinglearningoutcomes.Neverthelesghedata collected does

not prove the hypothesis that adaptiveframework would improve learning outcomes.

2) Did interactions in the VR or PC game differ by task and did those differences correlate to

differences in perfanance or profile?

I n the VR environmeniit otuhceh 0a catnido nfisp | cafc efd| oda kdo , n

significant difference when compared to age, gender, education level, or English proficiency. This was
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also true in the PGtaticenvironment.
3) Did performancevary by senseor mechanic?

The t est scores for t he senses fiCover 0, nEXxc

statisticallysignificantimprovementsuggestinghatunderstandin@f thesesensefiadbeenincreased.

Theef fect sizes for AEXxcessO an dadapbveenviranmgnts and | S
would be considered | ow and possibly marginal
medium.

In theVR environmentthesortingmechaniavastheonly mechanichatshoweda significantdifference
betweertestscoresandthis mechanichadaneffectsizewhichwould be considereanedium.However,
it is worth noting that the sorting mechanic only has one sense attributed to it within the ganés and

may have skewed the results.

In the PC static environment,the mechanicfi o r d e showeda &tatistically significant difference
between test scores and the effect size was shown to be medium. In dldeRi@eenvironment, no
mechanics showed stdteally significant changes in test scores.

4) Did profile differences between participants factor in predicting performance in the VR or PC

game?

Test scores across all platforms were statistically unaffected by profile items such as age, English
proficiency, level of education, and gender. While the amount of time taken to complete each game
cannotbecomparedicrosplatformsdueto theirvery differentexperimentatonditionsthe PCplatform
with an adaptive environmeritad a mean time to complete of almost double the mean time to complete

in the StaticPC platform.
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8.3 Contribution

1 To address the need fguantitative analysis of VRanguage teaching systemsdatailed
definition of an adaptiveframework focused on proximal and environmental changes, based on
the actions of the participantas createdThis framework can be used as the basis for the
development of interactive serious games aimed at teachiggdga concepts.

1 As thedesign of VR teaching systems based on cogni¢iaeing theory is a new research area
this researchdentifies specific design principles for serious language games with variation in
platforms namely:

0 avoidextraneousext,andlet thegamedesignguide

o0 usethethemeto reducecomplexity outsidef the immediatehallenge
o contentfidelity, only includerelevantchallengesn thegame

o limit optionsto maintainforward motion

0 avoidpunishing anyction

1 The research details a direct comparisbRC and VRanguage teaching and identiftbe design
principlesfor a serious game used to teach English prepositions thRitigind Oculus platforms
not previously avdable in the literatureHighlighting thatresearchers should laevareof the
gamemechanics used for tasks, and evenly distribute them so that measurable effects can be
analysed.

1 A descriptiorof the effect of different platftormswhenimplementingadaptiveenvironmentsi.e.,
researchers may not find environmental changes useful on the PC platform for influencing
learningoutcomesandconverselyesearchemnhayfind environmentathangesn VR very useful
for influencinglearningoutcomesThis contributego therigorousdesignapproacladvocatedy
Grgurovic,Chapellestal in theirmetaanalysisof CALL -supported_anguagdearning[147].

1 An analysisof the effectof homogeneitywithin participantgroups.Researchershouldbe aware
of how dominantthe selectioncriteriacanbein languageesearchForexamplejn thisresearch
selecting L2 participants attending an English university essentially negated any influence from

other profile elements such as gender, English proficiency, level of education or age.
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An indicationof a potentialco-constructedearningapproactor L2 learnersin thisresearchthis

was a side effect of the remote research methodeverit provides quantitativelata on results
from PC and VR platforms not currently available in the literature for cognitigeistics Future
researchers may use these indicators to account for differences in remote vgEIsDMN
language researdB6].

This research contributes to a relatively small number of quantitative studies focused on L2
language learning in gam¢4 4 8]

Thedesignof L2 pedagogicamaterialssuch asCognitiveLinguistic focusedquestionnaires for
measurement and enacted and embodied tasks implemeigfaaénchallenges. These were
underpinned by theoretically informed principles from Cognitive Linguistics, psychology,
Education, andgame desigiil49].

Theresearch synthesistg affordances of VR and the theories of enactioncagditive
learningcreatng a novel teaching and learning approach aimed at maximising the affordances
of the technology used, rather than reproducing existing teaching materials, the need for which
is describedy Lan[150] andfollows the modelof convergencsuggestethy Reindersetal

[151] where technology and learner autonomy daera@ome together.

A comparison of two platforms, PC and VR, in L2 teaching, as opposed to comparing
classroonteachingo computerbasedeachingasseenn studiessuchasNguetal [49].
Thisresearchs aninterdisciplinary(computersciencet Second_anguageAcquisition(SLA))
guantitative study, rather than a wholly ethnographic study, and therefore provides data to
support future deductive research (generalising from specifics) rather than the more common
SLA inductive research (assuming specifics from generalities) suckegsreting research

results through the lens of culture and customs [161].
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8.4 Notes for Games Designers
When designing foeducational purposeeducing complexity and ensuring that flow is context driven i.e.,
challenges are relevantttte subject miger appear to support the learning process. While this research did
not test thedifference between contextual and irrelevant challengeslucational gameshe discourse
with playerswas entirely focused on the subject matter and no p&aymessed ddai over the purpose or
relevanceof a challengeT h e | gpak i ¢fh mie n ttodssuppopt gaena ftow flirther enhancing the
focus on the subject mattexs did the attention to forward motion in the garie differences in results
between VR and PC gasindicate that theoint of view(POV) of the player may be a determining factor
in thelevel of influence the designer can have on the outc®@ePOV is predominantly outside looking
in and may be better suited to collaborative challenges where the collaborators can share the sa
experience and discusso-construct and evolve their understanding using theaB@n agent in the
understanding process. The VR experience is pergotia a player cannot enact a solution for someone
else.It could be that soméarning processes benefit from a purely personal experieecause the
learning needs ardemselvepersonalThere may be aeasurable differendeetweenbasic functional
learning such as language where the individual enapecific profile of understandingased on their
specific experiengendhigher concept understanding such as solving engineering problemsavgrerg

can come togethemd benefit fom synergy.

8.5 Notes forEducators

Accepting thathere will always be limitations on accessttucational games usindR technology this
research may help educat@gue for the resources needed to implement VR in the classtbafgo
provides quantitative data for thosaching through the cognitive linguistic metragl/R immersion in
a language challenge with an adaptive environne@ables us to measure the methaodlevance as a
teaching toalThis research also provides quarti@ datademonstratinghe use of omputer science as a
tool for validating learning theor{frhe method used not limited to prepositions and the desiganmework
may be used for a range of teaching material

One of the main advantages\dR teaching igts reach and scalability. Wheronsideringthe return on

investmentor such a systefh should be noted that this method is highly scalableaseiidsuited to remote
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teaching as ondestalledthe user is auttomous This also meanthat thelecturerscould benefit from an
extendedspan of controlThe level of immersiomn a correctly designe®R teaching environmerdlso
counterssome of the disadvantages of remote learamg supports active learning stratedEs2, p. 7]

and allows students to control the pace of their learning.

8.6 Limitations

Teachingenvironmentsvhichrequiretheparticipantso becomeexpersin asinglelearningsessiomeed
to beextremelystraightforwardThis researclonly allowsthe participantfour attemptsat understanding
the conceptof a prepositionbefore they are forced to progressto the next concept.This presents
limitations. Thegamedoesnot considerthe magnitudeandfrequencyof reinforcementequiredby each

participant to properly understand the concept.

The mechanics used in the serious game did not have a similar number of senses associated with thel
Consequentlywwhentrying to compareheeffectof aspecificmechanionalearningoutcometheresults
were inconsistent. |l deally a single mechanic i

mechanic would be replaced, and the reseaqdated to create a new distinct research condition.

While the method of testing was consistent across all platforms i.e., the same online questionnaire wa
presentedo all participantstheonlinetestscompletedn thePCenvironmentsvereremoteandtherefore
werenotsupervisedAs aresult,the PCtestsmaynot havebeencompletedunderthe sameexperimental
conditions that would have been observed with the researcher present. PC test scores were on avera
higher than the scores completed by theigpaants in the VR settingand this may represent co

constructed results (i.e., the result of discussion and consensus of more than one person).

The implementation of the dayght cycle timer in the 13th sense introduced an anomaly in
environmental aons. This was because the participant had to wait for the night cycle to begin before
t hey could complete the task, and while they

Aipl acedo items essentially to pass the ti me.

Participation in theemot version oftheresearch may havead aself-selectingcriterionas to participate

the participant was required to download and installgdmme onto their PC. Therefore, theypuld
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requirea level of technicalknowledge,andthis could have createda self-selectingbiasin the group.
Universitylanguage students and thieiends were invited to participate in the stwly email. This email
stated the criterifisecond language English spea@kand where participants were not directly frora th
universitythere was follow-up conversatiorio ensure that theyere students or graduates oftanglish
speakinguniversity. This resulted in @elf-selectinggroup Those confident enough to join the stahd

interested in improving their understanding of an Engligiposition

The lack of a control study for the VR group represemismgortant limitationThe inference could more

easily be drawifrom aVR controlgroup,and this remains a goal for fuéuresearch.

8.7 FutureWork

A largernumberof participantsisingboththeadaptiveandStaticVR gamesvouldenabledirect analysis
of the adaptiveand Static effects on learning outcomes in a VR environment. This reseamdicates
that subtle changesto both situationalawarenessand proximal objectson a PCplatform, or at least

on a small screen may not be directly usefuhfluencing learning outcomes for langggaconcepts.

It may be advantageous to use both the PC and VR environments as teackintatgotimes over
several weeks. In conjunction with a comparative classroom sy|ldtisisould be an interesting future
project. The VR game was noticeably tiring to many of the participants which may suggest a cognitive
load issue or that their engagamevas extremely heightened. The effect of increasing sensory input
whilsttrying to teachaconceptprtheeffectof increasedevelsof environmentaéngagemendnlearning
outcomescouldbestudiedto adjust and optimidearningenvironmentsAnecdotally participants in the

VR research appeared to notice the situational awareness changes more than they noticed the changes
attentionseeking items such as the birds turning to face them. This could be an effect of proximity, or it
could mean that there are varying degrees of subtlety which are directly correlated with attention given
to the environment. For example, enhanced situational awareness could result imngpeatancebeing

givento noticingsubtlechanges irexternalenvironmentsasopposed to paying attention to proximal
changes. From the experience of this research, it would seem that while it is possible to createssingle

off experiences to test learning outcomes in language, and these do appear to have anaffpat

research period with a larger number of sessions may be more apprdfhiadgdat wasnot partof this



142

researchjt is suspectedhat co-constructedearningtook place whenthe challengewas completed
remotelydueto thehighertestscoresachievedFurthemresearclinto the effect of caconstructed learning

in a testing environment on individual learning may be useful.

Dueto thecircumstances iwhich theresearctwasconductedhe participants tendetb be drawnfrom

a restricted ample of learners and while it is perhaps not surprising that younger participants appeared
to do betterin VR, thesewereall educategarticipantsvith proficientEnglishskills, it maybeusefulto

see if the effect of VR was increased wilifferent population types. For example, participants with a

rudimentary understanding of English miagnefit mordrom symbolic representations the concepts.

While augmented reality cannot change situational awareness because it is viewed throowtil the s
screen of a mobile phone, a combination of external sensors controlled by the mobile phone and ar
augmentedeality challengemayprovevery effective.In sucha situationtheresearctwould notrely on

the participant's immersion to learn more effedy but insteadthe changes in situational awareness
would bereal. The mobile phoneitself could providefeedbackhroughvibration, sound,andanelement

of external light using the flash mechanism, as well as the image displayed on the screen. Where suc
all-encompassinghanges were being controlled by the phone, machine learning agents could certainly
be trained to enhance the scaffolding. Howevbkere is currently no research which indicates the

effectiveness of such an approach.



143

Bibliography

[1] B. J. Fogg, APersuasive Technol ogy: UsRersups. Co r
Technol. Using Comput. to Chang. What We Thinkpdpo I 282, 2003, doi: 10.1016/B97B55860
643-2.X50008.

2] R. Hammady and S. Arnab, ASeri ous Gamiinfgvolf or
13, no. 3, 2022, doi: 10.3390/info130312.

381 J. De Houwer and S. Hughes, AEnvironment al r
|l earning research: Il mpl i c d.tContext.Behfivo 3ciolRG: moa3t pp.o n a
343346, 2017, doi: 10.1016/j.jcbs.2016.002.

[4] N. A. Vahey, M. Bennett, and R. Whel an, ACort
l earni ng: | mpl i cat i on& Cdntext. Behay.|Sawvbli 6pno.a83) pp. B3GBa3ne t
2017, doi: 10.1016/j.jcbs.2017.04.001.

[5] K.Krueger, ARSequenti al |l earning in the form o

[Online]. Available: http://discovery.ucl.ac.uk/1331891/

[6] B. C. C. Souza, R. F. F. de A. Bol zan, Jor G.
virtual |l earning environmentso.

[71 M. H. . Won g, H. Zhao, and B. MacWhi nney,
Language Pedagogy: Th e lLahgnlgadr,. wlh68,ho. 2, ppo 43868,i2018, T u
doi: 10.1111/lang.12278.

[8] E. Arik, Handbook of Cognitive Linguistics and second language acquigrgeiew) vol. 55, no. 3.
2012. doi: 10.1353/cjl.2010.0018.

O] K. V. n Hoek, A. A. Kibrik, and L. NRmeridd(NY)idi ¢
vol. 176, 2009.

[10] M. Schierloh,HANDBOOK OF FOREIGN LANGUAGE COMMUNICATION AND LEARNJNGI.

33, no. 01. 2011. doi: 10.1017/S0272263110000653.

[11] L.Mc Al pine and C. Weston, fAReflection: issues
| e ar nnstm Sci, vol. 28, no. 5, pp. 36385, 2000, doi: 10.1023/A:1026583208230.

[12] J. Piaget 1894 9 8 0 , ABi ol ogy and the relatwris dbalwgen organia negulatiens a |
and cognitive processes [/ [TranslOBEdW1.from t h

[13] J. A. Moon,A handbook of reflective practice and experiential learningndon: RoutledgeFalmer,
2004.

[14] Various METHODS OF RESEARCH ON TEACHING THE ENGLISH LANGUAGE ARTS
LAWRENCE ERLBAUM ASSOCIATES, 2005.

[15] G. Lakoff, AThe nature of cognitive | i71633a019st i

[16] V. Evansetal,Cogni t i ve L i toduationsno.i2008..Edinbukgh: Edinburgh University



[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

144

Press, 2006. [Online]. Available:
http://search.ebscohost.com/login.aspx?direct=true&db=nlebk&AN=163366&site=laleost

R. A. Pecher, Diane & Zwaafgrounding Cognitionvol. 53. Cambridge: Cambieé University Press,

1989. doi: 10.1017/CB09781107415324.004.

D. PecherGrounding CognitionCambridge: Cambridge University Press, 2001.

J. Kretchmar, 0SaeqgPréss Eneydopedi@readbNeckdsblisibing, 2017. [Online].
Avalilable: http://G

search.ebscohost.com.serlib0.essex.ac.uk/login.aspx?direct=true&db=ers&AN=891641148&site=eds

live
A. Tyler and C. Muel |l er, AApplying Cognitive
and at : An Exper Remsuonmah, 6ri®w6.st Chat pp. 181

H. H. Yang,Handbook of Research on Practices and OutcomesliegEning 2010. doi: 10.4018/978
1-60566788-1.

M.PutzThirty Years of Lingui st i ®Dikenonthe Occasion éfis St 1
Sixtieth Birthday Amsterdam/Philadelphia: John Benjamins Publishing Company, 1992. [Online].
Available: http://0
search.ebscohost.com.serlib0.essex.ac.uk/login.aspx?direct=true&db=nlebk&AN=435347&site=eds
live

P. Robinson,Handbook of Cognitive ihguistics and Second Language Acquisiti@®14. doi:
10.4324/9780203938560.

. Engeness and A. Lund, ALearning for the f
Galperin to the culturgh i st or i cladrn. Cul. Socr Igteragtno. xxxx, pp. 111, 2018, doi:
10.1016/j.1csi.2018.11.004.

P. Lantolf and M. Poehnefhe Routledge Handbook of Sociocultural Theory and Second Language

Development2018.
G. Adela and G. Guti ®rr ez, f SdAkLLiAostudyloftthe computet h e
and its relevance as a medi at i onRdCALLwb18 no.2, t h

pp. 230251, 2006, doi: 10.1017/S0958344006000620.

V. Tyler, Andrea; EvansThe Semantics of English Prepositiom®. 5. Cambridge: Cambridge
University Press, 2003. doi: 10.1016/j.pragma.2004.03.009.

A. Tyler and V. Evans, fAReconsidering IRngagge si
(Baltim)., vol. 77, no. 4, pp. 72465, 2007, doi: 10.1353/lan.@D.0250.

E. A. Styles,The Psychology of AttentioRlove: Psychology Press, 2006. doi: 10.1038/041460a0.
J.Wagemanetal, A A century of Gestalt psychol ogy 1in
f o u n d aRsyclwoh Bull, \vl. 138, no. 6, pp. 1218252, 2012, doi: 10.1037/a0029334.

L. Tal my, AFi gure and Gr oUnivedalsiohHuBan mhanguegd. HS e n t
Greenberg, Ed. Stanford: Stanford University Press, 1978. [Online]. Available: http://0



[32]
[33]

[34]

[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]
[46]

145
search.ebsihost.com.serlib0.essex.ac.uk/login.aspx?direct=true&db=mzh&AN=1978303272&site=ed

slive

W. Metzger,Laws of SeeingCambridge, MA: MIT Press.

R. W. Langacker and G. Lakof f, i Wo me n, Fire,
the Mind banguagevol. 64, no. 2. p. 384, 1988. doi: 10.2307/415440.

A. Kreitzer, AMul ti ple Levels of SchemaGognz at i

Linguist, vol. 8, no. 4, pp. 29826, 1997, doi: 10.1515/c0gl.1997.8.4.291.

A.Tyler , C. Muell er, and V. Ho, dndApplying cognit
for and at: An e x pvgolntndeApd. hidguistvolv8ens.tl,ipm a8R0502011,0

doi: 10.1128/JCM.41.7.2982991.2003.

V.Evans and A. Tyler, AApplying cognitive | ingu
of v e r tRew Brbsi Ltingyistica Aplvol. 5, no. 2, pp. 42, 2005, doi: 10.1590/s1984
63982005000200002.

S. Gal l agher, i Hoev WNikedBBdy 8hapesSMimhp. dviay 2021, pp.i294,

2006, doi: 10.1093/0199271941.001.0001.

J. Engel kamp and R. L. Cohen, ACuUr il8)199li ssues
J.SchellThe Art of Ga me LebsessSecond Editiovdl. S2aowdledi. 8dca Raton: A

K Peters/CRC Press, 2015. [Online]. Available: http://0
search.ebscohost.com.serlib0.essex.ac.uk/login.aspx?direct=true&db=nlebk&AN=881690&site=eds
live

J. P. Watrin and Rm Dar whehco@j@mntbelkaviedei st
Gen. Psychol.vol. 16, no. 3, pp. 26282, 2012, doi: 10.1037/a0026766.

M. H. Olson and B. R. Hergenhainnt r oduct i on t o Theor,vd dintoddit. L e a
New York: Routlelge, 2016. [Online]. Available: http:40
search.ebscohost.com.serlib0.essex.ac.uk/login.aspx?direct=true&db=nlebk&AN=1036488&site=eds
live

A. L. Odum, A T $aem Press Encyiclepadiarofi HealBalém Press, 2019. [Online].
Available: htp://0-
search.ebscohost.com.serlib0.essex.ac.uk/login.aspx?direct=true&db=ers&AN=93872317&site=eds
live

C. Schott and S. Mar shal l , AVirtual real ity a
e x pl or a tJoQomputt Assist ey, wol. 34, no. 6, pp. 84852, 2018, doi: 10.1111/jcal.12293.

P. Maftoon and L. T. Esfandiari, fACarroll ds A
and |l nf ormati on RIr lawge Beach.nRgsvol. I6,eno.r 4, p.s4230 2015,o0d
10.17507/jltr.0602.24.

Y. L. SeriesBeyond Methods, Yale Language Setigmdon: Yale University Press, 2003.

J. Parong and R. Mayer, ALearning Science i



[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

146

P s y ¢ h oJl EdgcyPsyahalvol. 110, no. 25 January, pp. 1887, 2018, doi: 10.1037/edu0000241.

R. E. Mayer and J. Jackson, AThe Case for Coft
Can Hurt Qualitative Undid8, 2005adoidlD.1087076898X011.1.13.1 1 ,
G. Singh, AVirtual reality | earning environt
experience, 0 no. January 2020, 2021, doi : 10.
B. H. Ngu and S. Ret hi nasamy, niEwvwalouatEnngg ia hC
Comput. Edug.vol. 47, no. 1, pp. 455, 2006, doi: 10.1016/j.compedu.2004.08.016.

S. Er hel and E. Jamet, Al mproving instruction
between goal specificity, flowerpr i ence and | €amputiHantan Relbigiva. 81nmos , O
May 2018, pp. 106114, 2019, doi: 10.1016/j.chb.2018.09.020.

J. Sweller, P. L. Ayres, and S. Kalyugzognitive Load TheoryNew York: Springer, 2011. [Online].
Available: http://seaft.ebscohost.com/login.aspx?direct=true&db=nlebk&AN=371166&site=ehost
live

R. Lado 19151 9 9 5, ALinguistics across cultures ; a
foreword by Cha0%kes C. Fries.o pp. 0

M. Chodorow, M. Gamon, and . Tetreaul t , AThe wutility of e
systems for English | anguageand. Bestrvoh 271 n®.:3, pp. ¥ d b a
436, 2010, doi: 10.1177/0265532210364391.

S. Jarvis and T. Oodl i n, AMor phol ogi c &slgvdl.y2p, e,
pp. 538556, 2018, doi: 10.1017/S0272263100004034.

J. Autret, ATh e-Saxa Vdrls With Prépesations ;andAts Tganstation into &wa
Languages Author ( s ): Source The Fr e3d4L h |
Publ i shed by : American Associ atii3dmn018f Teache
D. Jac h,h-BaBeA AppreaahgtePreposition Placente i n Engl i sh adang Se
Learn, vol. 68, no. 1, pp. 27804, 2018, doi: 10.1111/lang.12277.

A. S. Der a, AEngl i sh Spati al P r eSopoesai ktiinogn sL ewai rt
1994.

A. Kil i mci , niiverLingigticsdrisights gnto OaByiven Learning: Teaching Vertical

Pr e p o s iJ.t Lammy.nLsngudst. Stud.vol. 13, no. 2, pp. 68719, 2017, [Online]. Available:
http://ezproxy.lib.uconn.edu/login?url=https://search.ebscohost.com/login.aspxAdietb=eric&
AN=EJ1159243&site=ehodive

M. CelceMur ci a, AThe grammar book : an EMutcih,Biene t e
LarsenRFr eeman with Howiard Wi lliams. o pp. O
Y. KAMAKURA, ACOLLOCATI ON AND PREPOSIGIGADN S

APPROACH TO THE COGNITION OF POLYSEMY by YOSHIHITO KAMAKURA A thesis
submitted to the University of Birmingham for the degree of DOCTOR OF PHILOSOPHY Department

of English School of English Drama and, 0 no



[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

147

M. A. Conroy and I. AtonM®ndez, AA preposition is somethin
English stranded pr eposi $ecoocdlang.tRhsiolo3lgnb. 2,9p. Rid c t u
237, 2015, doi: 10.1177/0267658314555945.

B. P. Hung, V. Truong, and .N V. Nguyen, A St u-basedtitendhingrotenglishn s
pr ep o s EditiAmstisnalari- Eurasian J. Educ. Resvol. 2018, no. 73, pp. 458, 2018, doi:
10.14689/ejer.2018.73.3.

P. G. Schrader, ALearni ng Illmmeecsh el deeskwnalogyo R an
vol. 16, pp. 457475, 2008.

C.Jennetetal, A Measuring and defining t Imed Hum.fCempute nc
Stud, vol. 66, no. 9, pp. 64561, 2008, doi: 10.1016/j.ijjhcs.2008.04.004.

M. Prensky, AComputer -famed dandbock edComputer Game D i
Studies pp. 97124, 2005. [Online]. Available:

http://admin.futurelab.org.uk/resources/documents/discussion_papers/Computer_Games_and_Learn

_discpaper.pdf

S. De met r i ohased l@atimgrgarnes mwolving chatbased uncertainty: An approa-ch in
the interdisciplinary area of N euroEducati on
J. M. Koivisto, E. Haavi st o, H. Ni emi |, P.r Ha

simulation games for learning clinical reasoning: A dedighs ed r es e a Nude Edu@ p r «
Today vol. 60, no. June 2017, pp. 1140, 2018, doi: 10.1016/j.nedt.2017.10.002.

M. J. W. Dal gar no, B., & Lee, D iwhrattu aalr eehtesdier d
Neck vol. 20, no. 4, pp. 36809, 2010, doi: 10.1111/j.1468535.2009.01038.x.
A. Cheney and S. Bronack, APresence Pedagogy

Int. J. Gaming Comput. Simulatigngol. 3 no. 1, p. 79, Jan. 2011, [Online]. Available: http://0
search.ebscohost.com.serlib0.essex.ac.uk/login.aspx?direct=true&db=edo&AN=ejs27729649&site=e
slive

J. Hedberg and S. Alexander, #fAVirtual ENReduc.i t vy
Media Int, wvol. 31, no. 4, p. 214, Dec. 1994, [Online]. Available: http://0
search.ebscohost.com.serlib0.essex.ac.uk/login.aspx?direct=true&db=edo&AN=ejs11314811&site=e
slive

A. W. Cheney and K. P. Terry,Cofmpmhmer Diywnea ini.eca rS
J. Teach. Learn. High. Edyazol. 30, no. 2, pp. 22289, 2018.

M. R. Gardner and J. B. El'liott, AThe | mmer s
structuring experiences, and creating constructivistabohative processes, in mixeehlity smart

e nvi r onbBAeHBndoseddlrans. Futur. Intell. Educ. Envirprol. 1, no. 1, p. €6, 2014, doi:
10.4108/fiee.1.1.e6.

W. Post , nVR gaming I s Thset arWaisrhg ngttamn g rPa
https://www.washigtonpost.com/videgames/2021/02/04/virtuaeality-future-games/ (accessed May



[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

28, 2021).

M.

12.
K.

Wei ser |,

148

AThe ¢ omp uEEE Pervhsive Compytwol. 2, has 1, ppCERSt u r
2002, doi: 10.1109/MPRV.2002.993141.
J. C. Augusto, V. &1 | aghan,

ma n i f édamaecendrio Comput. Inf. Sgivol. 3, no. 1, pp.i1l8, 2013, doi: 10.1186/219962 3-

Kakavel akis and

D. Cook,

T.

A.

Kameas, and

Edwar ds ientafidd:iAtelattohaksdciolbgy a r

ap pr olManag. Learn.vol. 43, no. 5, pp. 471994, 2012, doi: 10.1177/1350507611427233.
H. Nakashima, A. Hamid, and J. C. Augustandbook of ambient intelligence and smart environments
New York: Springer, 2010.

H.-M. Huang, U. Rauch, and-S..

envi

ronment s:

Based

Li aw,

2010, doi: 10.1016/J.COMPED2010.05.014.

G.

semanti c

Fenza,

V. Loi a,

109, 2016, doi: 10.1109/INCoS.26.110.

V.

0.

Al nvestigating | earners

0 @Gomput. Edoigvel.t55, moc3t pp.\1173182, lMop.p r o

and F. Or ci
t Rroch R0GE Id. €oné mitelloNetw. Collab. Syst. IEEE INCoS 25 103

Call aghan,
Kri kun, AApplication of
Learning System,0 no. 1.
M. K. 1drissi, and

M.Beyyo u d h,

based on adaptive
Educ. Train, pp. 17, 2018, doi: 10.1109/ITHET.2018.8424619

M.

Sette,

L. Tao,

uol 1,

AProvi di

Educat tagentdPérsoralseda

wo r k f2018 &/¢h Ina Gaoohf. Ipf. eTechngl.oBgsed High.

K.

Al ntel |l i genilt7, 2608, daoi: 1001001Y878-84800346- n o .

S. Bennani , AA ne
C
Jiang, nA S

Gai , and N .

Sy st Brat,- 8rd IEEE Int. Conf. Cyber Secur. Cloud Comput. CSCloud 2016 2nd IEEE Int. Conf.
Scalable Smart Cloud, SSC 20pf. 261266, 2016, doi10.1109/CSCloud.2016.50.

Al g h &Proe 82014 , f
Int. Conf. Intell. Environ. IE 2014op. 242248, 2014, doi: 10.1109/IE.2014.45.

M.

D.

Davi es,

Tsat sou, N .

V. Call aghan, and

D.

V r eelting arning expgerieRces irDadapteves myalgeitNearding

envi r on20l& Ath Iet, Gonf. Virtual Worlds Games Serious ApptGéathes 2017 Proc., pp.
193 200, 2017, doi: 10.1109/V6AMES.2017.8056601.

Y. Francillette, E. Boucher, S. Gabourp, d A .

Bouzouane,

AfA 3D si mul

-

C

e X per i 20e7dBEE SmartWorld Ubiquitous Intell. Comput. Adv. Trust. Comput. Scalable Comput.

Commun. Cloud

Big Data

Comput.

Internet

People

Smart  City  Innov.

SmartWorld/SCALCOM/UIC/ATC/CB@V/IOP/SCI 2017- , pp. 14, 2018, doi: 10.1109/UIC
ATC.2017.8397534.

Y.

Franci

l ett e,

E.

Boucher

A.

Bouzouane,



[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

149
prototyping of t he Sensdrse (Switzedamdjvol. 18 me. ilt, B mdoin t , ¢
10.3390/s17112562.

J. August o, D. Kr amer , u. Al e gr e rcentted intédligenta c i
environments development process as a guide 4reade smart technology for people with special
n e e dJsivers. Access Inf. Spwol. 17, no. 1, pp. 11330, 2018, doi: 10.1007/s102096-05148.

N . P. Pitterson, S. Brown, J. Pascoe, and K.
interactive, constructi ve, Pmoc-iFouteEda Cahf. FIEAWIS i Vv ¢
2016Novem, 2016, doi: 10.1109/FIE.2016.7757733.

L. Loschky, AComprehensible I nput and Second
Stud. Second Lang. Acquipp. 303323, 2008.

M. H. Long, Al npuatgeanAd q8 e s 0 h dinpuk & MS§cend ranguage | r
Acquisition S. M. Gass and C. G. Madden, Eds. Rowley, MA: Newbury, 1985, pp3837[Online].
Available: http://0

search.ebscohost.com.serlib0.essex.ac.uk/login.aspx?direct=true&db=mzh&AN=19850ItEERIK S
slive
R. Mitchell, F. Myles, E. Marsden, R. Mitchell, F. Myles, and E. Mars@econd Language Learning

Theories. : .Fourth Edition

V. Evans and M. Gr een, R&&h hinguist. &n ldrodgm 156 1i75/ 2006s e m
K. R. Coventry, ASpati al prepositions and f un
entri eBQDT o0 - UK Irel., p. 1, 1993, [Olne]. Available:

http://login.proxy.library.vanderbilt.edu/login?url=http://search.proquest.com/docview/301525920?acc
ountid=14816%5Cnhttp://sfx.library.vanderbilt.edu/vu?url_ver=239.88
2004&rft_val_fmt=info:ofi/fmt:kev:mtx:dissertation&genre=dissertatio?¥e26+theses&sid=P

M. C. Li ma, T. de F. Langraf e, D. M. Torini,
(Aut o) For ma- Adn. Hsno eenResgpivol. 21, no. 1, pp. 21243, 2020, doi:
10.13058/raep.2020.v21n1.1739.

J. Sharpworks o f Game. : On t he A €anbridget Massachugetts: Tha MI€ s
Press, 2015. [Online]. Available: http://0
search.ebscohost.com.serlib0.essex.ac.uk/login.aspx?direct=true&db=nlebk&AN=967086&site=eds
live

G. M. Slavich and P. G. Zimbad o , ATransformati onal Teaching
Principles, a n Bduc.CRsycleol. Rég.Molh 24d sBo, 4, pp. 56H08, 2012, doi:
10.1007/s1064812-91996.

A. DeSmetet al, ABridging behavi or singithe intereentamMappmag mi
Protocol to design a s e ConpudHuntpaBekagwa. 6 ppB3ir851,c y b
2016, doi: 10.1016/j.chb.2015.11.039.

C. S. Dwec k, AMoti vat i on aAm. BRyclwkvel.s4%, ecs 10Aph.f1@40 t i r



150

1048, 1986, doi: 10.1037/00@B6X.41.10.1040.

[100] H . F. O6 Nei | , R. Wai ness, and E. L. Baker, A
compue r games ICurtice rJa tvol.r 46, ono. 4, pp. 45374, 2005, doi:
10.1080/09585170500384529.

[101] D. R. Sanchez and M. Langer, AnVi deo Game Pu
Validating a Scale With Implications for GamBased Learning n d A s s eSgnsllnGamingyob
51, no. 1, pp. 586, 2020, doi: 10.1177/1046878119882710.

[102] C. F. Chabri s, ASi x Suggestions faop.rCogR.&ssivolad, ¢ h
no. 2, pp. 497509, 2017, doi: 10.1111/tops.12267.

[103] Y . Di ng, ALooking forward: The r ol €omput. HImamp e
Behav, vol. 91, no. September 2018, pp. 1237, 2019, doi: 10.1016/j.chb.2018.09.002.

[104] K . C. Ewi ng, S. H. Fai r cl| o uag Adaptive Gaime kat Uses EEIGe a
Measures Validated during the Desi grFrolRmHHont e s s
Neurosci, vol. 10, no. May, pp.1113, 2016, doi: 10.3389/fnhum.2016.00223.

[105] K. Kiili, S. De Freitas, S. Arnab, and T. Lainema i The design principle
educat i orPeotedigyGompaitsScigol. 15, pp. 7891, 2012, doi: 10.1016/j.procs.2012.10.060.

[106] T. Dedeaux and T. Hartsell, ACompari son Sialt we
Gaming, vol. 49, no. 6, pp. 66574, 2018, doi: 10.1177/1046878118778727.

[107] F . Genesee, S. Canadi an, E. Revue, and F. Gen
School Program, 6502016.. 3, no. 4, pp. 31

[108] C. Dault and L. A. FD. Collins Caroline (Université Concordia) AF Dault, Caroline (Université
Concordi a), ALOUtiIi I i sation des | angues connue
Can. Mod. Lang. Rev. Rev. Can. des Langues Vivavités/2, no. 4, pp. 564629, Nov. 2016, doi:
10.3138/cmir.3387.

[109] M. Swai n, AnSchool Reform Through Bilingual Ed
Pr o g r @mpg. Educ. Rewol. 22, no. 3, pp. 42@33, 1978, doi: 10.1086/445996.
[110] R. Mougeon, K. Rehner,nad T . Nadasdi , AThe | earning of S

students fr om JTSocidingtva. 8, n& &, p@a 4083202004, doi: 10.1111/j.1467
9841.2004.00267 .X.

[111] S. Papadimitriou and M. Vnreduc¢catfiAdaalt 204708thg n i
Int. Conf. Information, Intell. Syst. Appl. IISA 201vol. 2018Janua, pp. 116, 2018, doi:
10.1109/11SA.2017.8316453.

[112] P. S. MoyetPackenhanet al, AHow design features i n dndgit
mat hemat i cs Canput.ientanh Bebagwsl., 9D, no. September 2018, pp. B382, 2019,
doi: 10.1016/j.chb.2018.09.036.

[113] M. Host 6Oveckl, | . Salgovil, and R. Viragh, @
Mathematical Educati n [CETA 2018 16th IEEE Int. Conf. Emerg. eLearning Technol. Appl. Broc.



151

pp. 191196, 2018, doi: 10.1109/ICETA.2018.8572158.

[114 N. Torneke, fALearning RFT: An introduction to
39, no. 2, pp247 256, 2010.

[115] J. De Houwer, S. Hughes, and D. Bariiks | me s , AAssociative | earni
Learning in human and nonhuman animals from the perspective of propositional theories and relation
f rame . €emp.rPgycholvol. 130, no. 3, pp. 21225, 2016, doi: 10.1037/a0039999.

[116] D. E. Greenway, E. K. Sandoz, and D. R. Per ki

natur al | a n geventh ént. SGopfsRuzzynByst. Knowl. Discweol. 6, no. Fskdpp. 295%
2958, 2010, [Online]. Available: http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=5569078
[117] M. J. Bordieri, K. K. Kel | um, K. G. Wi |l son,

Testing a Core Assumption of Relational Frame Thgd?sychol. Regvol. 66, no. 1, pp. 838, 2016,
doi: 10.1007/s4073015-0154z.

[118] S. J. Aguil ar, C. Hol +mgpred Designd Enmpirical Eviden€d irsSuppartrof,
Gamef ul Lear ni ngGamésn Qult.r voln a8 mo. s1, qp.44i70, 2018, doi:
10.1177/1555412015600305.

[119] M. Lehne and S. Koel sch, AToward a gen é&norm.l p
Psychol, vol. 6, no. FEB, pp.ill1, 2015, doi: 10.3389/fpsyg.2015.00079.

[120] G. G. Cole, T. N. Welsh, and P. A. Sk Atentenf t ,
Perception, Psychophysp. 21772191, 2019, doi: 10.3758/s134049-017405.

[121] N. A. Mc Nair and | . M. Ha r r iptal intégration ef adtian objecti s
p ai Exp.Bmin Resvol. 234, no. 1, pp. 287, 2016, doi: 10.1007/s002P154435 1.

[122] J. GrudenThe Human Computer Interaction Handbooklew York: Taylor & Francis, 2008.

[123] D. H. Saklofske and M. Zeidnddandbook of Individual Differences in Cognitidsew York: Springer,
2010.

[124] R . DeKeyser and J. Leeman, ARFeedback i fradt.2 | e
Second Langpp. 111138, 2010, doi: 10.1017/cbo9780511667275.007.

[125] N. Kharaghani, AAttention a$44®01fource of Var.i

[126] R. Langacker, ASt udi e $tud. lnngulsh &Givdl. PR mp.ulj1999.i ¢ Sci e

[127] N . Bruno, G. Garofal o, O. D a nneoydkuol , a taensd vLi.s uRail ¢
Acta Psychol. (Amst)vol. 188, no. March, pp. 12230, 2018, doi: 10.1016/j.actpsy.2018.06.002.

[128] T. Dalgleishet al, i D espeaificity in the Acquisiton of Nomd j acent Dep&xpden
Psychol. Gen.vol. 136, no. 1, pp. 24312, 2007.

[129] A . Ariga and K. Yokosawa, AContingent attent
Percept. Psychophysol. 70, no. 4, pp. 6887, 2008, doi: 10.3758/PP.70.4.680.

[130] A. Ari ga and Kattentfon is baptured,by téskelevant éates, but not by pareidolia
f a c 2047 9th Int. Conf. Knowl. Smart Technol. Crunching Inf. Everything, KST, 201L7, pp. 266
269, 2017, doi: 10.1109/KST.2017.7886105.



152

[131] W. Parketal, @l nt e rraioguistivEsgluc#&ion Btilbon VR Environment Using User Generated
Cont elntt GonfoAdv. Commun. Technol. ICACUol. 2019Febru, pp. 385389, 2019, doi:
10.23919/ICACT.2019.8701950.

[132] B . Eun, AThe zone of pr oxi onaept: Adframervdrkofqr syetiresizing s
Vygot skyods Edut e ®hilos.e sThewry vol. 1857, pp. 1113, 2017, doi:
10.1080/00131857.2017.1421941.

[133] A. Lucer o, ifiTeachersd use of linguistic scaf/f
firsttgr ade emer gent D karly GhigulLd, lvol. 44 nod4e ppt 584664, 2014, doi:
10.1177/1468798413512848.

[134] R. DeKeyser, APracti c @racti a Seaond Sang.jopn & 13, 12@160, gdai:a g e
10.1017/cbo9780511667275.
[135] Y. Ton g, B. Cui , and Y. Chen, AResearch on Ul

museum based o nl3thlsteConf. Compu. Sci. Educ. ECSE 2018 Iccse, pp. 428
431, 2018, doi: 10.1109/ICCSE.2018.8468809.
[136] A. Knittela nd T. Bossomai er , AFor mati on and activa
2011 IEEE Congr. Evol. Comput. CEC 20pp. 26772684, 2011, doi: 10.1109/CEC.2011.5949953.
[137] N. Stewart, S. G&chter, T. Nrotgas cihn , Stamad Behagvi d .
Decis. Mak, vol. 29, no. B3, pp. 137156, 2016, doi: 10.1002/bdm.1901.

[138] R.. K. Moor e, ARnA Bayesian explanation of t he
p h e n o nBeinRep.vol. 2, 2012, doi: 10.138/srep00864.
[139] M. Mor i, K. MacDor man, and NEE ROkogAutom. Magioll h% Ur

no. 2, pp. 98100, 2012, doi: 10.1109/mra.2012.2192811.

[140] W. R. Sherman and A. B. Craighderstanding VirtuaRealityd Interface, Application, and Design
vol. 12, no. 4. 2003. doi: 10.1162/105474603322391668.

[141] A. M. Mit hun, Z. A. Bakar, and W. M. S. Yaf oo:
devel op s tIEEE Conf. Open Syst. ICO018 pp. 8691, 2019, doi:
10.1109/IC0OS.2018.8632820.

[142] A . ALJAAFREH and J. P. LANTOLF, ANegati ve Fi
Learning in the Zone ModfLarg.rJoot. ir8mw.l4, pp. 46883, 199t ndein t ,
10.1111y.15404781.1994.tb02064 .x.

[143] Vygot sky, fnAThe Biosoci al RistWPsydhal20l® n of t he Ea

[144] Qual t ri cs, AQualtrics Survey Software. o 201
https://essex.eu.qualtrics.com/ControlRane

[145] J . COHEN, AThe stat isotciicad! ppowerol ofg i alladAbmomme s le
Soc. Psychalvol. 65, pp. 146153, Sep. 1962, doi: 10.1037/h0045186.

[146] A. Crawford et al, AA Comparative Anal ys ppoacbek: Fdem-Bater u c
Ver sus Remote Coachi nglEdut. P&chglwk 12 ool 8, fpl 1602627, 0 0 I



153

2021, doi: 10.1037/edu0000691.
[147] C. GRGUROV I C-analyBiA of sffedtiveeness studies on computer technedagported

| anguage | earning. o

[148]| N. Jabbari and Z. R. Eslami, fASecond | anguage
games: A scopReCHLL vwvok v3le wo.0 1, pp. 92113, 2019, doi:
10.1017/S0958344018000058.

[149] S . Bodnar, C. Cucchiarini, H. Strik, and R.

systems: current pr aCdmput Assist. dang Lehrwa. 29%ne. 1,¢pp. 188 c t |
212, 2016, doi: 10.1080/09588221.2014.927365.

[150] Y . Lan, Al earning Br i n glianggLearn. Tethogl/dl. 24, moall pp.t vy
1115, 2020.

[151] H. Reinders and C. Whit e, hHBRdvfayhavwe weconefandavberedon o
n e x tLahg. bearn. Technglvol. 20, no. 2, pp. 14354, 2016.

[152] H . Mor gan, AAll eviating the Chall eBdyeScivalil2,h R
no. 2, 2022, doi: 10.3390/educsci12020109.



154

9 Appendices

9.1 ParticipanConsent

Profile & Consent QScore: @D | | @ Published

Welcome to the Preposition Research

Next steps:

« Confirm your consent to participate (in the next question)

« Answer profiling questions
Once complete please check your participant pdf document for the link to the pre test
If you have any questions please email Mike at ms17972@essex.ac.uk

Pilot Test of a 3D Environment

Research Team: Michiel Smuts, Dr Michael Gardner, Dr Adela Ganem Gutierrez, Dr Aikaterini (Katerina) Bourazer

This study has received ethical approval from the Science and Health Ethics Sub-Committee at the University of Essex
ERAMS reference: ETH2021-0374

Please confirm

O I confirm that | have read and understand the Information Sheet for the above study. | have had an opportunity to consider the information, ask questions, and have had these questions answered satisfactorily

D 1 do not agree to take part in the above study.

9.2 ParticipanProfile

Question Options

Pleasendicateyour gender
Male (1)

Female(2)

Non-binary (3)

Other (4)

Rathemotsay (5)




Pleaseandicateyour agerange

Lessthan18 (1)

1824 (2)

2534 (3)

3544 (4)

4554 (5)

55 andover (6)

Rathemotsay (7)

Pleaseandicateyour role

UnderGraduateStudent(1)

PostGraduateStudent(2)

Other (3)

Proficiencyin English

Newto English (1)

Early Acquisition (2)

DevelopingCompetence(3)

Competent(4)

Fluent (5)

155



9.3 PreandPosttestQuestions

TestQuestion

Thepictureis overthemantel.

Thecloudwasoverthefield.

Thebeehovered over théower.

The wind blew the leavesover the
house
Theexplosionthrewthecaroverthe
wall

The boy threw the ball over the
fence.

Stratford is over the river from
Birmingham.

Thehouses overthehill

Thecat livesover thestreet.

Thefilm is over.

Thetime for discussions over.

We cango homewhenthe gameis

over.

Sense

Proto

Proto

Proto

Excessl

Excessl

Excessl

OtherSide

OtherSide

OtherSide

Completion

Completion

Completion

Option 1

on the other
sideo f é
on the other
sideo f é
on the other
sideo f é
on the other

side of

on the other

side of

on the other

side of

on the other

side of

on the other
sideo f é
on the other
sideo f é
on the other
sideo f é
on the other
sideo f é
on the other

side of

Option 2

above

above

above

above

above

above

above

above

above

above

above

above

Option 3

over and
beyondé
over and
beyondé
over and
beyondé
over and

beyondé

over and

beyondé

over and

beyondeée

over and
beyondé
over and

beyondé
over and
beyondé
over and
beyondé
over and
beyondé
over and

beyondé

Option 4

cover

compl

compl
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Sally turnedthe keysto the office
overto thejanitor.

The spectatorsmoved over to the
moreexpensiveseats.

The thief handedover the stolen
itemsto the police

My neighbouralwayshasa positive
influenceoverhis pit bull.

The local council has jurisdiction
overparkingpermits.

The governmenshouldchangethe
regulationoverhealthandsafety.

| wasin Londonoverthe summer.
Theroadwasfixed overnight.

| will behomeovertheweekend.
Joannailedthe boardover the hole
in thewall.
Thebookswereoverthe cornersof
thetable.

Thecoverwasoverthepool.

Frank looked over the t r a
undercarriage.
The committee agonizedover the

decision.

Transfer

Transfer

Transfer

Control

Control

Control

Temporal

Temporal

Temporal

Cover

Cover

Cover

Focus

Focus

gofromoneto

t he

gofromoneto

t he

gofromoneto

t he

ot

ot

ot

focuso n é

focuso n é

focuso n é

repe

repe

repe

isabo

isabo

isabo

cove

cove

at

at

at

Vveeé

v eeé

veeé

above

above

above

prefe

prefe

prefe

temporal

temporal

temporal

focus

oné

focus

focus

oné

over and cover

beyondé

over and cover

beyondé

over and cover

beyondé

isin controlof é

isin controlof é

isin controlof é

prefers

prefers

prefers

compl et

compl et

compl et

focuso n é

focuso n é

é

€

é

isabov

isabov

isabov

morethan...

morethan...

morethan...

cover

cover

cover

compl

compl
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The general looked over the
battlefield.

My mother never drives over the
speedimit.

Thechild wasovertiredandsohad
difficulty falling asleep.

Your articleis overthe pagelimit.

| would choosemy car over yours
anyday.
| aminclinedto takecoffeeovertea.
The children favouredapplesover
oranges.

Thefencefell over.

Whenthe wind stoppeahe car had
beenblown over.

Thestackof brickstoppledover.

Marty keeps making the same
mistakeoverandover.
Thedogcircledoverandover.

The waves crashedon the rocks

overandoveragain.

Focus

Excess2

Excess2

Excess2

Preference

Preference

Preference

Falling
Down
Falling

Down

Falling
Down

Repetition

Repetition

Repetition

cover st

Excess

Excess

Excess

Excess

Excess

Excess

goes
beyond:¢
goes

beyond:¢«

goes
beyond:¢

repeat ¢

repeat ¢

repeat«

is

above

temporal

temporal

temporal

prefe

prefe

prefe

to fall on

itssi de

to fall on

itssi de

to fall on

itssi de

prefe

prefe

prefe

focuso n é

isaboveé

isaboveé

isaboveé

focuso n é

focuso n é

focuso n é

cover sé

cover sé

cover seé

goesb ey on

goesh ey on

goesb ey on
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compl e

on the other

side o

on the other

side o

on the other
sideo f é

isabove

isabove

isabove

prefer

prefer

prefer

morethan...

morethan...

morethan...
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9.4 ParticipaninformationSheetPCVersion

English Prepositions

English prepositions are particularly difficult for foreign language students to learn. This
research uses a reconfigurable 30 environment to teach 13 senses of the preposition ‘over”
and measures the participants actions within the environment. Itis hoped that the

information collected will be useful when creating 3D 2nd virtual environments for teaching.

Specifically, the aim of this study s to leam how the environment can be improved, find
errors and understand the user experience. The theme for this environment is 3 game et on
3 desertisland.

Click

Scene from the teaching environment

Partici Risk & Data Ct

i ?
What is the research about? Ideal participants for this research are second language English speakers involved in tertiary
education.

Risk: It is not anticipatad that there will be any risks greater than normally experience in
normal life and the use of 2 keyboard and mouse. The researcher will be available to help

Step 1: consent & profile questions participants if required.

collectzd will 2nd stored on the researchers
secure external drive. This data will be available to the researcher and his supervisors and
held as part of the overall thesis data. It may aiso be deposited in a research data repository.
Step 2: pre-test 50 that they will be available for future learning activities by :

Information will with age and gender
within the statistical analysis. Anonymised information may be used in research papers and
published in research publications.

s d load i This study has received ethical pproval from the Science and Health Ethics Sub-Committes at
Step 3: &use the the University of Essex, ERAMS reference:

Step 4: post test Concerns & Complaints

If you have any concerns about any aspect of the study or you have a complaint, in the first
instance please contact the principal investigator of the project, Michiel Smuts, using the
= oy contact details on the research page. If are still concerned, you think your complaint has not
Step 5: email the statistics file & Collect your been addressed to your satisfaction o you fee! that you cannot appraach the principal
investigator, please contact the departmental Director of Research in the department.
£10 Amazon voucher responsible for thi project, Hani Hagrs, (e-mail hani@essexac.ut]. Ifyou are sil not

- v and Planning Manager , Sarsh

Manning-Press (e-mail sarahm @essex.ac.uk). Please include the ERAMS reference which can

P be found above.
Emailithe statsHile &

Download hosre=s) Statistics File Location

Click here to start the download...
2 Go ta the folder where you installed the game. In this example it was downloaded into the downloads
You should see 3 screen showing the download file. Click on the download icon in the top right coner. oliiar st i eipad s

Open the PrapEnv3D_Data folder and you should see 3 file called “StatsEnvironmentStatistics”

Google drive will show 3 warning.
Dacause it cant see into the 2ip file.
Click Download anyway.

Extract (unzip)

When the file has been downloads double click on it to extract it. M Email this to me at: ms17972@essex.ac.uk

Gucrge Damioas Seblor e Collect your £10 Amazon voucher

Pp—p—

I will email you your Amazon voucher

Start the game

Thank you again for taking part.

Double Click on the exe file to start the environment.

Figure78. Participant Information Sheet PC
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9.5 ParticipaninformationSheetVR Version

University of Essex
AR

OF THE YEA
TH[AW‘%RDS

Virtual Reality Teaching Environment

Researcher: Michiel Smuts
School of Computer Science and Electronic Engineering (CSEE)
Email: ms17972@essex.ac.uk

Participant Information Sheet

‘What is being researched?

English prepositions are particularly difficult for foreign language students to learn. This research uses a
reconfigurable virtual environment to teach a preposition and measures your performance as well as your
actions within the environment. It is hoped that the information collected will provide the basis for a model
for Virtual Reality teaching environments.

Selection of Candidates
Candidates are selected from university students who attend the Colchester campus.

Any concerns or complaints about the research may be raised with either the researcher or either of their
supervisors.

‘What will you be asked to do?

The research will attempt to measure an effect by giving you a short test before the use of the environment
and a short test after the use of the environment.

The Research Process

Social distancing will be required

You will asked to complete an online consent form in the room where the research will take place
You will be given the participation information

You will then be asked to complete the first online quiz

You will then be shown the Virtual Reality environment and asked to complete the game

. You will then be asked to complete the second online quiz

PN

The entire process is intended to take less than 1 hour 30 minutes.

The possible advantages and disadvantages of taking part

You will have the opportunity to experience a Virtual Reality teaching environment and contribute to its
improvement. If you find the experience uncomfortable the research will be stopped immediately.

An Amazon voucher worth £10 will be emailed to you upon completion in recognition of your effort.

Risk Assessment
It is not anticipated that there will be any risks greater than normally experience in normal life and the use
of Virtual Reality headset. The platform is designed to be benign, however, should you wish to end the

G W www.essex.ac.uk

Figure79. Participation Sheet VR










































