
Contents

1 Innovations in Smart Universities . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Vladimir L. Uskov, Jeffrey P. Bakken, Robert J. Howlett
and Lakhmi C. Jain
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Chapters of the Book . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.3 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Part I Smart Universities: Literature Review and Creative Analysis

2 Smart University: Literature Review and Creative Analysis . . . . . . 11
Colleen Heinemann and Vladimir L. Uskov
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.2 Literature Review: a Classic Approach. . . . . . . . . . . . . . . . . . . 13
2.3 Literature Review: Creative Analysis Based on Systematic

Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.3.1 Approaches to Develop Smart Universities . . . . . . . . . 17
2.3.2 Approaches to Develop Smart Campuses . . . . . . . . . . 20
2.3.3 Approaches to Develop Smart Learning

Environments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.3.4 Approaches to Develop Smart Classrooms . . . . . . . . . 22
2.3.5 Approaches to Develop Smart Education

or Smart Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.4 Smartness Levels of Smart Universities . . . . . . . . . . . . . . . . . . 26
2.5 Smart University: Smartness Maturity Model . . . . . . . . . . . . . . 29
2.6 Strengths of Smart Universities . . . . . . . . . . . . . . . . . . . . . . . . 33
2.7 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

xi



Part II Smart Universities: Concepts, Systems and Technologies

3 Smart University: Conceptual Modeling and Systems’
Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Vladimir L. Uskov, Jeffrey P. Bakken, Srinivas Karri,
Alexander V. Uskov, Colleen Heinemann and Rama Rachakonda
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

3.1.1 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
3.1.2 Research Project Goal and Objectives. . . . . . . . . . . . . 51

3.2 Smart University: Conceptual Modeling. . . . . . . . . . . . . . . . . . 51
3.2.1 Smartness University: Modeling of Smartness

Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
3.2.2 Smartness University: Conceptual Model . . . . . . . . . . 54
3.2.3 Smart University: Modeling Distinctive

Components and Elements . . . . . . . . . . . . . . . . . . . . . 55
3.2.4 Smart University: “Components and Features”

Matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.3 Smart University: Software Systems’ Design . . . . . . . . . . . . . . 59

3.3.1 Smartness University: Pre-class Learning Content
Development Systems . . . . . . . . . . . . . . . . . . . . . . . . . 62

3.3.2 In-class Activities Recording Systems. . . . . . . . . . . . . 62
3.3.3 Post-class Activities’ Supporting Systems . . . . . . . . . . 62
3.3.4 Web-Based Audio- and Video-Conferencing

Systems. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
3.3.5 Collaborative Learning Systems for Smart

University . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
3.3.6 Context Awareness Systems for Smart University . . . 65

3.4 Towards a Smart University: Developed Components
at Bradley University (Examples). . . . . . . . . . . . . . . . . . . . . . . 66

3.5 Conclusions. Future Steps . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

4 Smart University: Software Systems for Students
with Disabilities. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Jeffrey P. Bakken, Vladimir L. Uskov, Suma Varsha Kuppili,
Alexander V. Uskov, Namrata Golla and Narmada Rayala
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

4.1.1 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
4.2 Students with Disabilities and Software Systems . . . . . . . . . . . 90
4.3 Project Goal and Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
4.4 Research Outcomes: Analysis of Text-to-Voice Software

Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
4.5 Research Outcomes: Analysis of Voice-to-Text Software

Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

xii Contents



4.6 Research Outcomes: Analysis of Gesture Recognition
Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

4.7 Research Outcomes: Strengths and Weaknesses
of Tested Text-to-Voice and Voice-to-Text Systems . . . . . . . . 121

4.8 Conclusions. Future Steps . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

5 Building a Smarter College: Best Educational Practices
and Faculty Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
Nobuyuki Ogawa and Akira Shimizu
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

5.1.1 Globalization of Smart Education . . . . . . . . . . . . . . . . 129
5.1.2 Foundation for Smart Education in Japan . . . . . . . . . . 131
5.1.3 Development to Smart Education in NIT, Gifu

College . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
5.2 Smart Education: Literature Review . . . . . . . . . . . . . . . . . . . . . 133

5.2.1 Use of Data Mining . . . . . . . . . . . . . . . . . . . . . . . . . . 133
5.2.2 Data Processing on Students’ Physiological

Responses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
5.2.3 Challenges in Education in a Virtual World . . . . . . . . 134
5.2.4 Application to Smart University . . . . . . . . . . . . . . . . . 135

5.3 Goals and Objectives of Smart Education . . . . . . . . . . . . . . . . 135
5.3.1 NIT, Gifu College’s Transformation

into a Smarter College . . . . . . . . . . . . . . . . . . . . . . . . 135
5.3.2 Curriculum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136
5.3.3 Creation of an Environment for Smart Education . . . . 136
5.3.4 Development of Educational Materials . . . . . . . . . . . . 136
5.3.5 Promoting and Visualizing Smart Education . . . . . . . . 137

5.4 The Creation of the Environment: Methods and Outcomes . . . 138
5.4.1 The Foundation for Introducing AL . . . . . . . . . . . . . . 138
5.4.2 AL Before the Acquisition of AP . . . . . . . . . . . . . . . . 140
5.4.3 AL After the Acquisition of AP . . . . . . . . . . . . . . . . . 142
5.4.4 Replacement in the Multimedia Educational

Building . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
5.5 Validation of Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147

5.5.1 Faculty Development . . . . . . . . . . . . . . . . . . . . . . . . . 147
5.5.2 Feedback on Smart Education. . . . . . . . . . . . . . . . . . . 151

5.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
5.6.1 A Summary of Smartness Levels . . . . . . . . . . . . . . . . 153
5.6.2 Curriculum in Smart Education. . . . . . . . . . . . . . . . . . 154
5.6.3 MCC in Smart Education . . . . . . . . . . . . . . . . . . . . . . 155
5.6.4 ICT Managed Classification of MCC

in the Promotion of Smart Education . . . . . . . . . . . . . 155
5.7 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158

Contents xiii



6 Building Smart University Using Innovative Technology
and Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
Attila Adamkó
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
6.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163

6.2.1 Educational Aspects . . . . . . . . . . . . . . . . . . . . . . . . . . 164
6.2.2 Architectural Aspects . . . . . . . . . . . . . . . . . . . . . . . . . 165

6.3 Challenges and Objectives for Smart Campus Services . . . . . . 166
6.3.1 Smart Campus as a Small Smart City . . . . . . . . . . . . . 167
6.3.2 Challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168
6.3.3 Goals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169

6.4 Methods and Results: An Open Architecture as a Base
for Intelligent and Adaptive Services . . . . . . . . . . . . . . . . . . . . 170
6.4.1 Open Architecture for Smart Services . . . . . . . . . . . . . 171
6.4.2 Groups as Small Smart Communities . . . . . . . . . . . . . 175
6.4.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176

6.5 Conclusion and Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . 184
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

Part III Smart Education: Approaches and Best Practices

7 Practicing Interprofessional Team Communication and
Collaboration in a Smart Virtual University Hospital . . . . . . . . . . . 191
Ekaterina Prasolova-Førland, Aslak Steinsbekk, Mikhail Fominykh
and Frank Lindseth
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192
7.2 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194

7.2.1 Virtual Reality in Health Care Education . . . . . . . . . . 194
7.2.2 Communication and Team Training . . . . . . . . . . . . . . 196

7.3 Project Goal and Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
7.3.1 Challenges in Medical Education . . . . . . . . . . . . . . . . 197
7.3.2 Smart Virtual University Hospital and VirSam . . . . . . 198

7.4 Methods and Technologies for Supporting Interprofessional
Communication and Collaboration . . . . . . . . . . . . . . . . . . . . . . 199
7.4.1 Developing Technical Solutions . . . . . . . . . . . . . . . . . 199
7.4.2 Instructions to the Students . . . . . . . . . . . . . . . . . . . . . 201
7.4.3 Learning Outcomes and Clinical Scenarios . . . . . . . . . 202
7.4.4 Geriatric Scenario: Long-Term Patient Trajectory . . . . 203
7.4.5 Gynecological Case: Short-Term Patient

Trajectory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
7.4.6 Methods for Testing the Solutions . . . . . . . . . . . . . . . 206

7.5 Outcomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208
7.5.1 Learning Outcomes . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
7.5.2 Experiences with the Second Life Technology . . . . . . 209
7.5.3 Experiences with Using VR Goggles . . . . . . . . . . . . . 210

xiv Contents



7.5.4 Preferred Technical Setup . . . . . . . . . . . . . . . . . . . . . . 212
7.5.5 Role-Play in the Virtual World . . . . . . . . . . . . . . . . . . 213
7.5.6 Virtual Simulation and Learning . . . . . . . . . . . . . . . . . 214

7.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
7.6.1 Analysis of the Smart Virtual University Hospital

Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
7.6.2 Further Development of the Smart Virtual

University Hospital . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
7.7 Conclusions and Future Work . . . . . . . . . . . . . . . . . . . . . . . . . 218
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222

8 EdLeTS: Towards Smartness in Math Education . . . . . . . . . . . . . . 225
Ilya S. Turuntaev
8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
8.2 Literature Review. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227

8.2.1 Smart Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
8.2.2 Computer Algebra Systems in Math Education. . . . . . 229
8.2.3 Learning Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230

8.3 Project Goal and Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
8.4 Methods and Technologies Used in the Development

Project . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
8.4.1 Training Task Templates. . . . . . . . . . . . . . . . . . . . . . . 234
8.4.2 EdLeTS: System Overview . . . . . . . . . . . . . . . . . . . . . 235
8.4.3 Task Compilation and Symbolic Calculations . . . . . . . 240
8.4.4 Automatic Answer Checking . . . . . . . . . . . . . . . . . . . 243
8.4.5 Task Structuring and the Theory of Learning

Spaces. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
8.5 Testing and Validation of Development Outcomes . . . . . . . . . 249

8.5.1 Testing of the Task Generation Approach. . . . . . . . . . 249
8.5.2 Teachers and Students’ Opinion Poll . . . . . . . . . . . . . 251
8.5.3 Pointwise Checking Procedure Testing . . . . . . . . . . . . 254
8.5.4 Comparison with Other Systems of a Kind. . . . . . . . . 255

8.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256
8.7 Conclusions and Future Steps . . . . . . . . . . . . . . . . . . . . . . . . . 259
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260

9 A Framework for Designing Smarter Serious Games . . . . . . . . . . . 263
Katherine Smith, John Shull, Yuzhong Shen, Anthony Dean
and Patrick Heaney
9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264
9.2 Literature Review. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
9.3 Research Project Goal and Objectives . . . . . . . . . . . . . . . . . . . 267

9.3.1 Goals and Objectives for Smart Serious Games . . . . . 267
9.3.2 Stern2STEM Program Goals and Objectives. . . . . . . . 268

Contents xv



9.4 Development of IMPOS2inG . . . . . . . . . . . . . . . . . . . . . . . . . . 268
9.4.1 Overview of the Successive Approximation Model

for Instructional Design. . . . . . . . . . . . . . . . . . . . . . . . 269
9.4.2 Overview of a Game Design Model . . . . . . . . . . . . . . 269
9.4.3 A Model for a Smarter Serious Game. . . . . . . . . . . . . 273
9.4.4 The Cycle for Smart Serious Game Development . . . . 275
9.4.5 Focusing on Smartness: How the Framework

Supports Smartness Features . . . . . . . . . . . . . . . . . . . . 276
9.5 The Model and Process in Action: Discussion

and Supporting Examples. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
9.5.1 Refining the Player Model . . . . . . . . . . . . . . . . . . . . . 280
9.5.2 Learn, Play, Assess: Bringing Together Game

and Instructional Design . . . . . . . . . . . . . . . . . . . . . . . 281
9.5.3 Topic Selection: Focusing on Topics Appropriate

for Gaming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285
9.6 The Model and Process in Reflection: Discussion

and Lessons Learned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287
9.6.1 Broader Applications. . . . . . . . . . . . . . . . . . . . . . . . . . 287
9.6.2 Comparison to Existing Products . . . . . . . . . . . . . . . . 288
9.6.3 Lessons Learned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288

9.7 Conclusion and Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . 292
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 293

10 Using a Programming Exercise Support System as a Smart
Educational Technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295
Toshiyasu Kato, Yasushi Kambayashi and Yasushi Kodama
10.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296
10.2 Literature Review. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297
10.3 Research Design and Research Objectives . . . . . . . . . . . . . . . . 298

10.3.1 The Problems of Programming Exercise Support . . . . 298
10.3.2 Request Analysis for Smart Classroom Realization. . . 300

10.4 The Function of Assessing the Learning Situation
of the Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301

10.5 Function to Assess Slow or Late Students . . . . . . . . . . . . . . . . 305
10.6 Evaluation of the Smart Classroom by Instructors . . . . . . . . . . 307

10.6.1 Objective. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
10.6.2 Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 308
10.6.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 310
10.6.4 Consideration of the Results . . . . . . . . . . . . . . . . . . . . 312

10.7 Function to Understand Programming Behavior for TAs . . . . . 314
10.7.1 Analysis for TA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 314
10.7.2 Classification of Programming Behaviors . . . . . . . . . . 315

10.8 Evaluation of the Smart Classroom by TAs . . . . . . . . . . . . . . . 319

xvi Contents



10.9 Scaling-up to Smart University . . . . . . . . . . . . . . . . . . . . . . . . 322
10.10 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 322
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323

Part IV Smart Universities: Smart Long Life Learning

11 The Role of e-Portfolio for Smart Life Long Learning . . . . . . . . . . 327
Lam For Kwok and Yan Keung Hui
11.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 327
11.2 Literature Review. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329

11.2.1 Smart University . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329
11.2.2 Stakeholders in Smart University . . . . . . . . . . . . . . . . 330
11.2.3 Lifelong Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . 331
11.2.4 Whole Person Development . . . . . . . . . . . . . . . . . . . . 332
11.2.5 Outcome-Based Education . . . . . . . . . . . . . . . . . . . . . 333
11.2.6 e-Portfolio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 334
11.2.7 Self-regulated Learning . . . . . . . . . . . . . . . . . . . . . . . . 336
11.2.8 The Challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337

11.3 The Design. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 338
11.3.1 The Design: Challenges . . . . . . . . . . . . . . . . . . . . . . . 338
11.3.2 The Design: System Architecture . . . . . . . . . . . . . . . . 339
11.3.3 The Design: Information Model . . . . . . . . . . . . . . . . . 340
11.3.4 The Design: Personal Development Cycle . . . . . . . . . 342

11.4 Implementation Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 344
11.4.1 Acceptance and Satisfaction . . . . . . . . . . . . . . . . . . . . 344
11.4.2 Strengths and Areas for Improvement . . . . . . . . . . . . . 345

11.5 Extending to Lifelong Learning and Professional
Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346

11.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350
11.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 352
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353

12 Towards Smart Education and Lifelong Learning in Russia. . . . . . 357
Lyudmila Krivova, Olga Imas, Evgeniia Moldovanova,
Peter J. Mitchell, Venera Sulaymanova and Konstantin Zolnikov
12.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 357
12.2 Literature Review. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 359

12.2.1 Student-Centered Approaches . . . . . . . . . . . . . . . . . . . 359
12.2.2 Learning Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . 360
12.2.3 Integrating e-Learning . . . . . . . . . . . . . . . . . . . . . . . . . 361

12.3 Goal and Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363
12.4 Theoretical and Methodological Framework. . . . . . . . . . . . . . . 364

12.4.1 Organization of Smart Education . . . . . . . . . . . . . . . . 365
12.4.2 Supporting Smart Education . . . . . . . . . . . . . . . . . . . . 368

Contents xvii



12.5 Testing of Research Outcomes . . . . . . . . . . . . . . . . . . . . . . . . . 373
12.5.1 Issues in e-Learning . . . . . . . . . . . . . . . . . . . . . . . . . . 374
12.5.2 Student Perceptions on the Relevance of Course

Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375
12.5.3 Providing Support for Students . . . . . . . . . . . . . . . . . . 377

12.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 378
12.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 381
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 382

13 Knowledge Building Conceptualisation within Smart
Constructivist Learning Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Farshad Badie
13.1 Introduction and Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
13.2 Background of Thought . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387
13.3 Constructivist Learning Systems: Literature Review. . . . . . . . . 388

13.3.1 Understanding the Learner’s Understanding . . . . . . . . 388
13.3.2 The Importance of the Learner’s Background

Knowledge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389
13.3.3 The Learner’s Understanding of Personal

Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 390
13.3.4 The Learner’s and Mentor’s Reliable Universal

Knowledge in the Context of Their Interactions . . . . . 390
13.4 Smart Constructivism: Research Project Objectives . . . . . . . . . 390

13.4.1 Smart Constructivism: Understanding
the Learner’s Understanding . . . . . . . . . . . . . . . . . . . . 391

13.4.2 Smart Constructivism: The Learner’s Background
Knowledge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 392

13.4.3 Smart Constructivism: The Learner’s
Understanding of Personal Learning . . . . . . . . . . . . . . 393

13.4.4 Smart Constructivism: The Learner’s and Mentor’s
Reliable Universal Knowledge in the Context of
Their Interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 393

13.5 Smart Constructivism: Methods Used in Research Project
and Their Outcomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 394
13.5.1 Learners’ Developing Conceptions of Learning

in Smart Constructivism . . . . . . . . . . . . . . . . . . . . . . . 394
13.5.2 Smart Constructivism and the Structure

of Observed Learning Outcomes. . . . . . . . . . . . . . . . . 398
13.6 Knowledge in Smart Constructivist Learning Systems:

Analysis of Methods’ Outcomes . . . . . . . . . . . . . . . . . . . . . . . 401
13.6.1 Categories of Knowledge in Smart Constructivism . . . 401
13.6.2 A Conceptual Framework for Knowledge

Building in Smart Constructivism . . . . . . . . . . . . . . . . 403
13.7 Conceptualising a Smart Constructivist Pedagogy:

Testing of Research Outcomes . . . . . . . . . . . . . . . . . . . . . . . . . 405

xviii Contents



13.8 Linking Smart Constructivism and Collaborative
Learning Strategy: Verification of Research Outcomes. . . . . . . 409
13.8.1 Essential Value 1: The State of Knowledge . . . . . . . . 409
13.8.2 Essential Value 2: The Phenomenon

of ‘Discourse’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 410
13.8.3 Essential Value 3: Authoritative Information

and Their Reliability . . . . . . . . . . . . . . . . . . . . . . . . . . 411
13.8.4 Essential Value 4: Explanation and Understanding . . . 411

13.9 Smart Constructivist Learning Communities: Validation
of Research Outcomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 412
13.9.1 Conceptualising Smart Constructivist Learning

Communities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 412
13.9.2 Smart Constructivist Learning Communities

and Knowledge Building Technologies. . . . . . . . . . . . 413
13.10 Discussion and Concluding Remarks . . . . . . . . . . . . . . . . . . . . 415
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 416

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421

Contents xix



http://www.springer.com/978-3-319-59453-8


	Contents



