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Abstract

The use of ontologies has become increasingly widespread in many application areas,
particularly in technology-enhanced learning. They appear promising in supporting the
generation and adaptive presentation of learning content for specific domains. This
thesis examines how ontologies can be applied in abductive mobile science inquiry-
based learning, an example of a learning activity that can allow students to learn

science by doing science.

Traditionally, school science education has been dominated by deductive and inductive
forms of inquiry investigations, while the abductive form of inquiry investigation has
previously been sparsely explored in the literature, which emphasizes the
development of scientific hypotheses from observed phenomena. Thus, this provides
us with an opportunity to explore some new approaches to technology-assisted

learning in the sciences.

The main purpose of this thesis is to demonstrate to science educators how an
abductive mobile application may be applied in a science inquiry activity, and how

ontology-based scaffolding can support technology-enhanced learning environments.

This thesis uses a Design Science Research Methodology (DSRM), supported by
Activity-Oriented Design Methods (AODM) tools to create an ontology-driven
application ‘ThinknLearn’ for a science inquiry domain, which has been evaluated using
the M3 evaluation framework with high school science students. The results were
promising and showed improvements in the students’ understanding of the learning

domain as well as developing their positive attitudes towards mobile learning.



Vi



Acknowledgements

First and foremost, | thank Allah for bestowing upon me the wisdom and perseverance

during this research, and indeed, throughout my life.

| am thankful to my funding organization, Higher Education Commission (HEC),
Pakistan for providing me this opportunity to achieve this milestone. Thanks HEC; this

would not be easy to get without your financial and overall support.

This thesis would not become a reality if | would not able to get assistance and
encouragement from many people, in different ways, during my PhD journey. | would

like to extend my appreciation especially to the following.

First of all, | am grateful to Associate Professor David Parsons from the core of my
heart, for being my supervisor and mentor in these years. | have been fortunate to
have the opportunity to learn from and work together with him. Thank you so much
for introducing me to research and the research community. Indeed, it is because of
you, Dave, | managed to accomplish such a difficult task with ease and | believe your
constant support, patience, suggestions and constructive criticisms made it possible as

a fruitful journey.

| am also under obligation to my co-supervisors including Associate Professor
Hokyoung Ryu for his kind support during my first two years of PhD, and Dr. Mandia

Mentis for her valuable feedback in this last year and so.

The other most important people to thank are the participants who were involved in
both experiments by contributing their time and efforts. Further, | am thankful to the
Principal of the school, Albany Senior High School, Auckland, New Zealand to provide

such an opportunity to conduct experiments with her students. And most importantly,

vii



| must acknowledge the work and support of Diana Hartley, in particular, and her

colleagues to make these experiments happen.

There are few researchers who helped me during these years. Hendrik Thomas is the
first person in that list. The others are: Assistant Professor Jelena Jovanovic, Professor
Mike Sharples, and Associate Professor Demetrios Sampson, which gave their valuable
advices related to my research area either connecting by emails or meeting in

conferences.

Further, | am also grateful to my departmental colleagues who gave their advices in
seminars and conferences whenever | presented my topic. Their criticisms helped me
to explore my topic in depth again and again. | must appreciate Freda Mickisch and
Annette Warbrooke for their administrative support throughout my stay in the
University. | am also under obligation to thank Massey University Ethics Committee for

the approval of the experiments as described in this thesis.

| would also like to express special gratitude to my friends and relatives who supported
and encouraged morally throughout this period. Specifically, Adnan Ahmad and Yasir
Javed, with whom | spent most of the time in the University and discussed each other’s
research topics during lunch and tea breaks. | will really miss these days. Further, |
must appreciate Inshaullah’s support for helping me in some statistical analyses. | am
also grateful to Adnan Ahmad’s efforts for reading the complete thesis and suggesting

some valuable points. Thank you very much Adnan!

The greatest acknowledgement | reserve for my family, for their support, patience, and
love. My parents, thank you for giving me the best start in life | could ever have. You
were, and will always be source of inspirations for me in life!! | love you Ami and Abu!
My brother and sisters, you all are very special to me. Your moral support made me

stronger and persistent! May Allah bless you all, ameen.

viii



Table of Contents

List Of PUBIICAtIONS ....eoueiiieeeee e XVi
LISt OF ACTONYIMS ...ttt e e e e e e st e e e e sbea e e e satneeeennns Xviii
I o) S =W USSR XX
LISt OF TABIES ..t XXii
Chapter 1: Introduction .........ccceuceiiiirinniiiinninniininnnn. 1
1.1 Theme EXPlanation .......coooiiiiiiiiiie e 1
1.1.1 Ontologies in EAUCAtION .......eeeiiiiiiiee it 1
1.1.2 Mobile Learning TEChNOIOGIES ....ccceeeeeiiiiieieee et 3
1.1.3 Inquiry-based Learning .....ccccceeeecuieriiiiiee ettt 4
1.1.4 Abductive SCIENCE INQUINY ....eeuiiiiieee e e e e e e e 6
1.2 Research ChalleNges ... iiiieeiiiiie ettt e 7
1.3 Approach and Methodology........ccceeieiieiiiiiiieee e 8
1.4 RESEAICN SCOPE.....uuutieiieiee ettt e et e e e e e e e e st eeeeeeesenanraneeeeeeeeenans 10
1.5  Significance of StUAY.....coeeiii i 11
1.6 TheSis OULINE .coeeiiiieeeeeee e 12
Chapter 2: Background and State of the Art.........ccceuuviiiirreneiiinrinnnnnn. 15
2.1 ONEOIOGIS. ..eiiiiiiiiie it 15
2.1.1 The Term — ONtOIO8Y.....ueiuiiiieeiieeeree e 16
2.1.2 Kinds Of ONtOIOZIES ...uvvvieieeeieieciieeee et 18
2.1.3 Applications of ONtOIOZIES .....cccuvveeeieiieieiiciieeeeee e 21
2.2 Using Ontologies in EdUCAtioNn.........cceevveeiieiiciieeee e 23
2.2.1 Ontologies for Content Generation in Education ........ccccceveeeeviccinveenenenn. 24
2.2.2 Previous Use of Ontologies in Generating Learning Content ................... 25

1X



2.3 Technology-Enhanced Learning (TEL) ...ccoovveeevieeiiiee e 31

2.3.1 The Emerging Paradigm: Mobile Learning (M-Learning)........ccccceeeeuvneen.. 33
2.3.2 M-Learning CoNTEXT ..civiiiiiiiiiiiiciceeeee e 37
2.3.3 Mobile Learning Activities in the Classroom..........cccccveeeeeeeeicccciiinieeeeenn, 39
2.3.4 Designing Mobile Learning Activities.......cccccceeeeeiiicccciiiieeee e, 42
2.3. 4.1 ACIVItY ThEOIY woeiiieiie e e s 43
2.3.4.2 Use of activity theory in mobile learning ........ccccccveeeevvcieeeeccieee e, 46
2.4 Inquiry-Based Learning (IBL).......cccccuuereiiiuieeeiiiieeesieeeceieee e e svvee e e sivnee e 47
2.4.1 SCIENtfiC INQUINY e e e e e e e e e e e e e 49
2.4.2 Scaffolding in Scientific INQUITY ....ccveeeeeiiiiee e 51
2.4.3 Scaffolding Design FrameWork .........ccccueieieiiieeecciiiee e 52

2.4.3.1 Quintana et al. (2004)’s scaffolding guidelines for scientific inquiry...54

2.5 Reasoning in Scientific INQUINY.....c..coieriiiir i 56
2.5.1 DeAUCTION ettt s 56
2.5.2 INAUCTION 1ottt sttt e e s 57
2.5.3 ABAUCTION .ot 58
2.5.4 AN EXGMPIE.cciiiiiiiiiieeeeeee e e e e e e aaaaeeas 60

2.6 Mobile Technologies in Science INQUITIES ....eeeeeeeiieicciiiieeeeee e 61
2.6.1 Mobile science inquiry in mixed SEttiNGS ......vevveeieeieiiiiieeeeee e, 61
2.6.2 Mobile science inquiry in outside classroom settings.......cccccoeeecvvvvineeennn. 64
2.6.3 Mobile science inquiry in classroom settings..........cccvvvvveeeeeeeieiciinveeeeeeeenn. 65

2.7  Abductive Inquiry in SChOOl SCIENCES ......cccccuvrrvreeeeeeeeceeeee e 66
2.7.1 Pedagogical Ambitions in Scientific Explanations.........ccccccoevvviiviiennnnnn. 66
2.7.2 The Abductive INQUIry Model..........cccoiieiiiiiieieiee e 68

2.8 The Role of Ontology in Science Education........ccccceeecciiiiieiieiieiccciieee, 70
2.8.1 Ontology Based Scaffolding in Scientific INQUIri€S......cceeveeeeeieiciirveeeeneeen. 70

P YU [ 0] 0 - Y 2P PPPTP PR 72



Chapter 3: Research Methodology.....cc.ccceeeiireeiireniiieecireneccnrennnnes 75

3.1 A Design Science EXPIOration ......ccueeeeiiiiieiniiiiee et sieee et 75
3.1.1 Methods for Design Science Research .........cccoccueeeeeciiiee e 76
3.1.2 DSRM Process MOAEL....c..uuiieiiiiiieiiiiiieeeeiiee et esivee et e s s e e s s naaaee s 79

3.1. 2.1 ACHIVITIES e 79
3.1.2.1.1 Activity — 1: Problem identification and motivation ..................... 80
3.1.2.1.2 Activity — 2: Define the objectives for a solution............ccccec...s 80
3.1.2.1.3 Activity — 3: Design and development.........ccccceeeeeeiicciiieieeeeee e, 80
3.1.2.1.4 Activity — 4: Demonstration ............eeeevuieieieiiiiiiieiiieiiieieieeeeeeeeeeeenes 81
3.1.2.1.5 Activity = 5: EValuation .......ccoocciiiiiieei e 81
3.1.2.1.6 Activity — 6: COMMUNICALION......uveiiiiiiiiiiiiiiiiiirevereveeeveveveveeeeeeeeeeeees 81

3.1.2.2 Research entry POiNtS......oooccciiiiiiee e 82
3.1.2.2.1 Problem-centred initiation .......c.cccceeiieeniiiiniie e 82
3.1.2.2.2 Objective-centred solution ........ccceeeeieiiciiiiiieee e, 82
3.1.2.2.3 Design and development centred initiation........ccccceeevveeenineennn. 82
3.1.2.2.4 Client/context iNTtiated........coeeveriiiieei ettt e e e e e e s e 82

3.1.3 DSRM and Other Used Methods ..........ccccueeriiiiiiiiiiiiiiieccecec e 82

3.2 Activity-Oriented Design Methods (AODM).......cccccvvvereeeeeiieciiirereeeee e, 83
3.2.1 AODM Tool 1: Eight-Step Model .......uuvveeiiiiieiieeeee e, 85
3.2.2 AODM Tool 2: Activity NOtation......cccceeeeeeeieiiciiiiieeeee e, 89
3.2.3 AODM Tool 3: Generating Research QUestionsS...........ccccvuvvvveeeeeeeecccnnnnnen, 90
3.2.4 AODM Tool 4: Mapping Operational ProCesses .......cccccceeeevvrvvveeeeeeeeiecnnns 92

3.3 Evaluation Methods.........cccoiiiiiiiiiiiieii e 94
3.3.1 The M3 Evaluation FrameworK .........c.coocueevieriiinienieeecseceese e 96

3.3 1.1 MICIO L@V .t 97

3.3.1. 2 MESO VI . 98

3.3.2 Data Collection Methods ........cccceeeiiiiieiieiieeeee e 99

Xi



3.3.2. 1 QUESTIONNAIIES «oeeiieiieeeie ettt ettt et et e e et erneeenserneennss 101

3.3.2.2 Interviews (Group diSCUSSIONS)....ccccurieeeiiiiieeeeiiiee e et e e e e 102
3.3.2.3 TeSES ittt 104

3id  SUIMIMIAIY ettt sttt ettt sttt st st et s nntenenenenenes 105
Chapter 4: Implementation.......cccccceiiieniiiiiienniiininncniinnee. 107
4.1 Research Design [terationsS......ccccuueeiiciieeeieiiiee e 107
4.1.1 Iteration # 1: Adaptive Presentation of Learning Content ..................... 109
4.1.1.1 Activity 1: Problem identification and motivation..........cccccceeeuneen.. 109
4.1.1.2 Activity 2: Objective of the solution.........ccccceveeiiiiicic e, 110
4.1.1.3 Activity 3: Design and development .........cccoecuveeieiiieeecccieee e 110
4.1.1.3.1 Conceptual MOdel......coociiiiiieiiieecee e 110
4.1.1.3.2 First aid domain oNntologY ......cceeeeevieiiiiiiiieieee e 111
4.1.1.3.3 Functional archit@Cture .........ccoceeeviiieiniiieniie e 113
4.1.1.3.4 Technical architecture .......c.ccceeviiiiiiiiiiiii e 114
4.1.1.4 Activity 4: Demonstration ........eecceee i eeeececcee e 116
4.1.1.5 Activity 5: EValu@tion ........coeeeeiieiiiiiieeeee e 119
4.1.1.6 Activity 6: COommuNiCatioN ......coevviiiiiiiei e 120
4.1.2 Iteration # 2: Mobile Science Inquiry-based Learning..........ccccceeeeeennens 120
4.1.2.1 Activity 1: Problem identification and motivation..........ccccceeeeeeennnnns 121
4.1.2.2 Activity 2: Objective of the solution.........cccceeeeiiiiiciii e, 122
4.1.2.3 Activity 3: Design and development ........ccccovveeieeiieiccciiieeeee e 122
4.1.2.3.1 Conceptual Model....cceeeeeeeieiiiiiieieie e, 123
4.1.2.3.2 A Science content domain ontology......ccccceeveeeeiicciiiiieeeeeeeeeas 124
4.1.2.3.3 Using scaffolding design framework .......cccccveeeeeveiiiiinveennieeeennn, 126
4.1.2.3.4 Functional architecture.........cccooviiiiiieiiiieieceeee e 127
4.1.2.3.5 Technical architeCture .........ccocoveeiieiiinieieeeeee e 129

xii



4.1.2.4 Activity 4: DEmMONSEration ... 130

4.1.2.5 Activity 5: EValu@tion .........eeeeiiiiiiicieiee e 133
4.1.2.6 Activity 6: COMMUNICATION ..iiviiiiiiiiiiiiiiiiieieeieerererererererererereererer.. 134
4.1.3 lteration # 3: Abductive Mobile Science InqUIry......ccccccoevvveeeeniieeeeennnee 134
4.1.3.1 Activity 3: Design and development ........coooeeciiiieeieee e, 135
4.1.3.1.1 Conceptual MOodel......cccocuriiiiiiiiiiiiriiieeeeee e 136
4.1.3.1.2 Heat energy transfer - A domain ontology .......ccccceeeecuvveeecnneenn. 137
4.1.3.1.3 Abduction example from the experimental context.................. 138
4.1.3.2 Activity 4: DEMONSTration ....cccccvviiiiiiiiiiiiiiieiiieieiaieieieiererererererererenene 139
4.1.3.3 Activity 5: EValUQtioN ....eveii it 144
4.1.3.4 Activity 6: COMMUNICATION ..iiviiiiiiiiiiiiiiiiieriieerrerirerererererererererer.. 144

4.1.4 lteration # 4: Learning Assessments in Abductive Mobile Science Inquiry ..

................................................................................................................. 144

4.1.4.1 Activity 4: Demonstration .....ccccccveiiiii 144
4.1.4.2 Activity 5: EVAlUQLION oo 145
4.1.4.3 Activity 6: COmMMUNICATION ..uuuveiiiiiiiiii e 146
U T o Vo o - Y P 146
Chapter 5: Experimental Results and Analyses........ccccccceeeiiiiiinnnnnee. 150
5.1  Experiment # 1: Pilot StUAY ...ovveeeieiiiiiiieeeee e 150
5.1.1 EXperimental DESIZN ....cccuvieeiee ittt e e e 150
5.1.2 PartiCiPants ....uuuuuueeuueuiiiiiiiiiiieieieieieieieireererereeerererrrerer i ——————————————————. 153
o S T A o o I | 1 U (3 154
5.1.4 PrOCEAUIE ...oiiiiiiie ettt e 155
5.1.5 ReSUItS and ANGIYSES ....uvveeeeeiiiiiiiieeeeee ettt 156
5.1.5.1 QUESTIONNAIrE FESPONSES....ciiiiiiiiiiiiiie e eeeeeeriiers e e e e e eerarere e e e e e eeesenaaes 156

A) USADIlItY @SPECTES..cciiiiiiieirrieiiee ettt e e e e s e e e e e e enans 156



b) Mobile learning quality @Spects.......ccccueeevieieiieecieecee e 157

c) Questionnaire reliability and validity........ccccoeeeiiiieicceee e, 159
5.1.5.2 Semi-structured group diSCUSSIONS .....ccccvvviieeeeeeeieciieeeee e 160

5.2 Experiment # 2: Final EXperiment.......cceeeiviiie e 165
5.2.1 EXperimental DeSIZN ..cocieiii ittt 165
5.2.2 ParticiPants ....coooiiiiiiiiiiii e 168
5.2.3 APPAratUS . ciiiiiiiiiiiiiiieieieieeeeereere e e e e e e e e e e e e e e e e e e e e aaaaaas 169
5.2.4 PrOCEAUIE ..ottt ettt ettt s st e s e e e e 170
5.2.5 ReSUItS aNd ANAlYSES..cciiiiiiiciiiieeeee e 172
5.2.5. Micro level evaluation ..........ccocueeiiiiiiiiniiieeceeee e 172
5.2.5.1.1 QUEStiONNAIrE rESPONSES ....vvvvrrrrrerrrerererererererererererrrerrrerererr. 172

a) Usability @SPeCLS ..ocueeieeiciiiec et 173

b) Mobile learning quality aspects........ccceveviieiiiiiiie e 174
5.2.5.1.2 Semi-structured group diSCUSSIONS........cevvveeeeeeeiciriieeeeeeeeecieeee, 175
5.2.5.2 Meso level evaluation ..........ccceeeiiieiniieiiiiieieeee e 179
5.2.5.2.1 Learning performance .......cccceeeeeeeccciiiieeee e 180
5.2.5.2.2 Hypothesis formation ......cccccceeeeeieiciiiieeeeeee e 182
5.2.5.2.3 Learning retention......cccccee i 183

oS T T 12 0 0 =1 185
Chapter 6: DiSCUSSION ....ccccuuuueiiiiiiiiiiiieniiiiiiiiiinerseeeassssee e s eeesesanes 189
6.1 Research FINAINGS.......coiiiiiiiiiiiieee e 189
6.1.1 Ontology-based Scaffolding in Learning Applications...........cccccueeriueeenee. 189
6.1.2 Mobile Abductive Science INQUIrY .......ccccueeiiiiiiiiiiiieceeeeeeeece 191
6.2 Implications of the RESEArCh.........coociviieeiiei e 193
6.2.1 Implications fOr TREOIY ..cccee i e 193
6.2.2 Implications fOr PractiCe.......cccvveeeieiieiiiiciirieeee e 194

Xiv



Chapter 7: Conclusion and Future Work.......c.cccceeeeeeereecrenierenceenncnene. 196

7.1 CONCIUSION .ttt sttt e s e s e e s 196

7.1.1 Revisiting the Research QUESLIONS ......cccoveeiiiiiiiiiie e, 197
7.2 Research ContributioNS .......cocueiiiiiiiiii e 199
7.3 Limitations of the ReSearch.........ccoceevieiiieiienieneee e 200
7.4 Future Research OpportUnities.......cceevcuveeieririeeeiiiieeeesiiee e sriree e svee e e e 202

7.4.1 Abductive FOrm of REaSONING .......vvvevieeiiiiciiiiriee et 202

7.4.2 MODIlEe LEAINING ..ciii ittt e e e e e e e e e 203

2 N 0] 1 o] (o= =TSRRI 203

7.4.4 Extension to the ‘ThinknLearn’.......c.coooeevieiieiiieneeeeseeee e 204
S = o Lo = (U T R 205
References .....ccuiiiiiiiiiiiiiiiiiiiiiciicc s 206
Appendix |: Low Risk NOtification.........cccueeieiiiiiiiniiis e 238
Appendix Il: Approval from the Principal of Albany Senior High School ............. 239
Appendix lll: Participants Consent FOrM........oocccciiiiieiee e, 240
Appendix IV: Learning Experience QUestionNaire......cccccceeeeecvvvveeeeeeeeeccnnreeneeeenn. 241
Appendix V: Group Discussion QUESLIONS .......ccuuviiiiieeee e 242
Appendix VI: Pre-test for Control and Experimental Groups........ccccccueeevecveeeenns 243
Appendix VII: Post-test for Control Group .......ccccvvveeeeieeieecceeee e, 244
Appendix VIII: Post-test for Experimental GroUp.........cccoveeecvrieeeeeeeeeecciirreeeeeeeen, 245
Appendix IX: Retention-test for Control and Experimental Group.........ccceeeee.... 246

XV



List of Publications

7/
L X4

X3

%

Ahmed, S., & Parsons, D. (2013). Abductive Science Inquiry Using Mobile

Devices in the Classroom. Computers & Education, 63, 62-72.

Ahmed, S., & Parsons, D. (in press). Abductive science inquiry using technology-
enhanced learning. In J. Jovanovic, & R. Chiong (Eds.), Technology Enhanced

Learning. Santa Rosa, California: Information Science Press.

Ahmed, S., & Parsons, D. (Best paper award) (2012). Evaluating 'ThinknLearn':
A mobile science inquiry-based learning application in practice. 11th World

Conference on Mobile and Contextual Learning (MLearn 2012). Helsinki,Finland.

Ahmed, S., Parsons, D., & Mentis, M. (2012). Scaffolding in mobile science
enquiry-based learning using ontologies. ICST Transactions on e-Education and

e-Learning Journal, 12(07-09), 1-17.

Ahmed, S., Parsons, D., & Mentis, M. (2012). An ontology supported abductive
mobile enquiry based learning application. In proceedings of the IEEE
International Conference on Advanced Learning Technologies (ICALT 2012).

Rome, Italy.

Ahmed, S., & Parsons, D. (2011). ThinknLearn: An ontology-driven mobile web
application for science enquiry based learning. In Proceedings of the 7th
International Conference on Information Technology and Application (ICITA

2011) (pp. 255-260). Sydney, Australia: IEEE Computer Chapter NSW.

XVi



X/
%*

Ahmed, S., & Parsons, D. (2011). COMET: Context Ontology for Mobile
Education. In G. Biswas, S. Bull, J. Kay, & A. Mitrovic (Eds.), Artificial Intelligence
in Education (AIED 2011) (Vols.LNAI 6738, pp.414-416). Springer-Verlag Berlin-

Heidelberg.

Ahmed, S., Parsons, D., & Ryu, H. (2010). Supporting adaptive learning
interactions with ontologies. In Proceedings of 11th Annual ACM SIGCHI NZ
Conference on Computer-Human Interaction (CHINZ 2010) (pp. 17-24).

Auckland, New Zealand.

Ahmed, S., Parsons, D. and Ryu, H. (2010). Beyond learning objects - Dynamic
adaptation in learning scenarios for lifelong learners. IEEE Learning Technology

Newsletter, 12(1), January 2010, 49-51.

XVii



List of Acronyms

AIM

AODM

API

AT

DL

DSRM

DTD

HTTP

IBL

ISP

LO

MCQs

NCEA

OWL

PBL

RDF

RDF-S

Abductive Inquiry Model

Activity Oriented Design Methods

Application Programming Interface

Activity Theory

Description Logics

Design Science Research Methodology

Data Type Definitions

Hypertext Transfer Protocol

Inquiry-based Learning

Java Server Pages

Learning Objects

Multiple Choice Questions

National Certificate of Educational Achievement

Web Ontology Language

Problem-based Learning

Resource Description Framework

Resource Description Framework Schema

XViii



TEL Technology-Enhanced Learning

W3C World Wide Web Consortium

XML Extensible Mark-up Language

XiX



List of Figures

Figure 2.1 Kinds of ONtOIOZIES.......cciiiiuiiiieicieie et 19
Figure 2.2 The abductive inquiry model (AIM) ......cccvveeiiieciieecee e 69
Figure 2.3 Summary of the literature review topics........ccceevcveeeecciiee e, 73
Figure 3.1 DSRM Process MOAE! ......ccceiiiieiiiiiiieee et e e et e e e e e s eeraee e e e e e e e e 79
Figure 3.2 Different methods used in this research ........cccccccvieiiiiieei e, 83
Figure 3.3 Technological layer of the activity system........cccocuveeiivciiiiiiniee e, 89
Figure 3.4 Sub-activity notations and triangles .........cccvveeeeei i 91
Figure 3.5 Research questions generated by using sub-activity triangles...................... 92
Figure 3.6 Mapping AODM operational processes with research design iterations...... 93
Figure 3.7 Triangulation of data collection methods..........cccceviviiiiiiiiiiiiee e, 101
Figure 4.1 Research design iterationS.......ccuveeiiiiiieieiiiiie e 108
Figure 4.2 Conceptual model of iteration 1.......ccooovieiiiiiiiiie e, 111
Figure 4.3 First aid domain ONtOIOZY .....coccuvriveeiie ettt 112
Figure 4.4 Functional architecture of iteration L.......ccccoovvveeeieiiiiiiiiiieeeee e, 114
Figure 4.5 Technical architecture of iteration 1 ..o, 115
Figure 4.6 An excerpt from a tutorial ........cooevvvveeeeei e 117
Figure 4.7 MCQs related to alternative names of injuries and symptoms................... 118
Figure 4.8 Conceptual model of iteration 2........ccoovveeiiireieiiei e 124
Figure 4.9 A science content domain oNtologY ......ccoevvcuviiiieeiiii e, 125
Figure 4.10 Functional architecture of iteration 2.........cccoveeeeeeiieiiiiiiieeeee e, 128
Figure 4.11 A modified version of the previous technical architecture ...................... 129
Figure 4.12 Measurements and observation screen of 'ThinknLearn'.........cccccvveeee..n. 131
Figure 4.13 Question-Suggestion MOAUIES ...........coovciiuirieiieiee e 132
Figure 4.14 Summary and hypothesis selection .........ccccovviieeiieiicicce e, 133

XX



Figure 4.15 Conceptual model of iteration 3 ........cccceeiiiiiiiiiiiiieeee e 136

Figure 4.16 Heat energy transfer domain ontology.........cccceevieiiiciiieeicciiee e, 137
Figure 4.17 Measurement and observation of Silver (Shiny)-surfaced tin................... 140
Figure 4.18 MCQ regarding one of the aspects of heat energy.......cccccevvvveeevicvvieennee. 141
Figure 4.19 Suggestion about the given question ..., 141
Figure 4.20 Experimental SUMMaAry .......coooiiiieiiiiiiee et e s 142
Figure 4.21 Hypothesis SEIECTION ....cuiiiiii i e e 143
Figure 4.22 Conceptual model of the final iteration.........ccocceeriiiiniiiiniiiiece, 145
Figure 4.23 Summary of research design iterations ..........ccccccueeeeeciieeicciiee e, 147
Figure 5.1 Apparatus used in the eXperiment ......ccccoccviivieee e 154
Figure 5.2 Participants filling questionNaires........ccceecuieeeeiieee e 155
Figure 5.3 One of the experimental group participants using 'ThinknLearn'............... 170
Figure 5.4 Experimental group participants involved in experimental activities ......... 171
Figure 5.5 Pre-post tests comparison between experimental and control groups...... 182

Figure 5.6 Comparison between experimental and control groups in hypothesis
FOIMIATION L.ttt ettt e s be e e s b e e sareeen s 183

Figure 5.7 Post and retention test scores comparison between experimental and

CONTIOL BrOUPS . .eiiirrieiee ettt ettt e e e e et e e e e e e e e s tarbareeeeeesenasbaareeeeeseennsreneees 185
Figure 5.8 Evaluation summary of the experiments.........ccccceeiieiiiieee e, 186
Figure 7.1 Addressing research qUESTIONS .......eeeieeeeeieiiiiiereeeeeecciirreeee e e e eescrrrreeeeee e 197

XXi



List of Tables

Table 2.1 Summary of the ontology-based systems used in generating learning content

......................................................................................................................................... 26
Table 2.2 Summary of the mobile science inquiry-based learning projects................... 63
Table 3.1 Eight-step MOAEl ......eeiieeieeeee e e e e e 86
Table 3.2 Adapted Eight-step Model .........ouveeiiieiii e 88
Table 3.3 The M3 evaluation framework...........ccooieiriiiniiii e 97
Table 5.1 Usability and quality aspects for evaluating 'ThinknLearn'...........cccceuunnneen. 152
Table 5.2 Quantitative responses of usability aspects in the pilot study ..................... 157
Table 5.3 Quantitative responses of mobile quality aspects in the pilot study ........... 158
Table 5.4 Group discussion questions, categories and their frequencies in the pilot

0o AV =1 - PSPPI 162
Table 5.5 Themes and their total frequencies in the pilot study data ...........cceeeeeeen. 163
Table 5.6 Evaluating 'ThinknLearn' based on the M3 evaluation framework............... 167
Table 5.7 Quantitative responses of usability aspects in the final experiment............ 173

Table 5.8 Quantitative responses of the mobile quality aspects in the final experiment

....................................................................................................................................... 174
Table 5.9 Group discussion questions, categories and their frequencies in the final

EXPEIMENT HAT@.uuiiiiiiiiiciiiieeiee e e e ee e e e e e e e e anrrreeeeeeeeeanrraaeeeeens 176
Table 5.10 Themes and their total frequencies in the final experiment data.............. 178
Table 5.11 Pre and post tests means of experimental and control groups.................. 181
Table 5.12 Post and retention tests means of experimental and control groups........ 184

XXii





