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Abstract 
The Smart Classroom is now a typical feature in education emerging from Information 

Communications Technologies (ICT) and the constant introduction of new technologies 

into institutional learning. The aim of the Smart Classroom is that users develop skills, 

adapt and use technologies in a learning context that produces elevated learning 

outcomes. However, research has shown that the use of ICT in the classroom is often 

confused or poorly adapted to the learning setting. The main goal of this research is to 

design Smart Classroom solutions particularly modelling, that address key limitations 

of system architecture design, technologies and practice. Applications of very recent 

technologies, such as AR, Haptics, Cloud and IoT/WSNs are investigated. The 

expected outcomes involve: improving the design of systems architecture; an improved 

selection and use of devices; improved teaching skills deployment. An extended model 

of the Smart Classroom is developed. A quality measurement tool for the validation of 

the system architecture is constructed to evaluate the model and its assumptions. 

Devices are also assessed measuring interactivity, usability and performance attributes, 

as well as, an assessment of teaching skills used in the ICT context. Finally, an 

innovative model of the Smart Classroom architecture that integrates an effective and 

practical pedagogic approach is proposed.    

   



1 | P a g e  

Table of Contents  
 

Dedication .................................................................................................................................... II 

Acknowledgment ........................................................................................................................ III 

Abstract ....................................................................................................................................... IV 

Table of Contents ......................................................................................................................... 1 

List of Figures .............................................................................................................................. 7 

List of Tables ................................................................................................................................ 9 

Glossarys .................................................................................................................................... 10 

Related Publications ................................................................................................................... 13 

1. Chapter One: Introduction ...................................................................................................... 16 

1.1 Motivation and Overview: .................................................................................................... 17 

1.2 The Problem ......................................................................................................................... 20 

1.2.1 Research Hypothesis ......................................................................................................... 22 

1.2.1.1 Hypothesis Validation .................................................................................................... 23 

1.2.2 System Architecture Design Platform: .............................................................................. 24 

1.2.3 Interactive Devices: ........................................................................................................... 24 

1.2.4 Users Skills: ....................................................................................................................... 25 

1.2.5 Research Aim and Objectives: Summary .......................................................................... 27 

1.3 Method ............................................................................................................................... 28 

1.4 Research Contributions ...................................................................................................... 31 

1.4.1 System Architecture Design .............................................................................................. 31 

1.4.2 Design of Interactive Learning Tools: Augmented Reality and Haptics ........................... 32 

1.4.3 Extended Technology Acceptance Model ......................................................................... 34 

1.5 Document Structure .............................................................................................................. 35 

1.6 Conclusion ............................................................................................................................ 38 



2 | P a g e  

2. Chapter Two: .......................................................................................................................... 39 

2.1 Technology Acceptance in Education .................................................................................. 40 

2.1.1 Background and Problem Estimation ................................................................................ 41 

2.1.2 Technology Approaches for Improved Acceptance .......................................................... 42 

2.1.2.1 Teacher Education Programmes (TEPs) ........................................................................ 42 

2.1.2.2 Introductory Educational Technology Course (IETC) ................................................... 43 

2.1.2.3 Technological Pedagogical Content Knowledge (TPCK) .............................................. 44 

2.1.3 Models of Technology Acceptance ................................................................................... 44 

2.1.3.1 The Impact of Teachers’ Beliefs on Technology Implementation ................................. 45 

2.1.3.2 User Acceptance of Technology Models Acceptance .................................................... 46 

2.1.3.3 The Technology Acceptance Model ............................................................................... 47 

2.1.3.4 Training Methods for Technology Use .......................................................................... 48 

2.1.3.4.1 Lack of Time ............................................................................................................... 48 

2.1.3.4.2 Lack of Confidence and Technical Support ................................................................ 49 

2.1.3.4.3 Lack of Experience ...................................................................................................... 49 

2.1.3.4.4 Lack of Incentive ......................................................................................................... 49 

2.1.4 Summary ........................................................................................................................... 50 

2.2 The Smart Classroom and the Design of System Architecture ............................................ 51 

2.2.1 Introduction ....................................................................................................................... 51 

2.2.2 The Traditional Classroom: Background .......................................................................... 52 

2.2.3 The Concept of the Smart Classroom ................................................................................ 53 

2.2.4 Smart Classroom Layout ................................................................................................... 54 

2.2.5 Smart Classroom Haptic Equipment ................................................................................. 55 

2.2.5.1 Teacher and Student Perspectives in Smart Classrooms: Problems ............................... 57 

2.2.6 Benefits of Smart Classes .................................................................................................. 58 

2.2.7 Converging Smart Technologies: Novel Content and Advanced Pedagogies .................. 60 

2.3 Augmented Reality in Education: Environments, Techniques and Impacts ...................... 63 

2.3.1 Introduction ....................................................................................................................... 63 



3 | P a g e  

2.3.2 Background / History ........................................................................................................ 65 

2.3.3 Characteristics of AR ........................................................................................................ 66 

2.3.4 Advantages of Using AR in Education ............................................................................. 67 

2.3.5 Development Methodology and Techniques of the AR System ....................................... 69 

2.3.5.1 Constraints and Requirements ........................................................................................ 69 

2.3.5.2 Construction and Implementation Design ...................................................................... 70 

2.3.6 AR Forms and Principles for AR Learning ....................................................................... 71 

2.3.6.1 AR Forms ....................................................................................................................... 71 

2.3.6.2 AR Strategies .................................................................................................................. 72 

2.3.7 Visualisation Enhancement and Real-Time Interaction Introduced by AR in Classes ..... 73 

2.3.8 AR in Classroom Settings ................................................................................................. 75 

2.3.9 The Use of AR & VR Systems .......................................................................................... 76 

2.3.10 The Use of AR & RFID .................................................................................................. 76 

2.4 Smart Classroom Framework and System Design: The Open Group Architecture 

Framework ................................................................................................................................. 78 

2.4.1 Smart Classroom Requirements ........................................................................................ 80 

2.4.1.1 Functional and Technical Requirements ........................................................................ 80 

2.4.1.2 The System Architecture: Middleware ........................................................................... 81 

2.4.2 Challenges to the use of ICT ............................................................................................. 83 

2.5 Conclusion ............................................................................................................................ 84 

3. Chapter Three: ........................................................................................................................ 86 

3.1 Introduction: Key Approaches ............................................................................................. 87 

3.2 Designing and Modelling Methods ...................................................................................... 90 

3.3 Development Method for System Design and Modelling .................................................... 96 

3.4 Research Progress ................................................................................................................. 99 

3.4.1 Phase 1: Topic Selection and Research Investigation ..................................................... 100 

3.4.2 Phase 2: Framework Development .................................................................................. 101 

3.4.3 Phase 3: Prototype Implementation and Verification ...................................................... 102 



4 | P a g e  

3.4.3.1 Prototype Testing of the Developed Testbeds .............................................................. 103 

3.4.4 Phase 4: Qualitative Measurements ................................................................................ 103 

3.5 Conclusion .......................................................................................................................... 105 

4. Chapter Four:........................................................................................................................ 107 

4.1 General Concepts: Modelling and Design .......................................................................... 108 

4.1.1 The Benefits of the New Smart Classroom ..................................................................... 109 

4.1.2 The Conceptual Design: the New Smart Classroom Design ........................................... 111 

4.1.3 The New Smart Classroom Interaction Mechanism ........................................................ 112 

4.2 The Proposed System Architecture Design: Business, Application, and Technology Layers

 113 

4.2.1 Business Layer: the New Smart Classroom Services ...................................................... 114 

4.2.2 Application Layer: the New Smart Middleware ............................................................. 117 

4.2.3 Technology Layer: the New Smart Peripherals............................................................... 121 

4.3 Extended Technology Acceptance Model .......................................................................... 122 

4.3.1 The Nature of ETAM ...................................................................................................... 124 

4.3.2 Advantages of the ETAM for the New Smart Classroom ............................................... 125 

4.3.3 ETAM System ................................................................................................................. 126 

4.3.4 Scenario:  The New Smart Classroom in Conjunction with ETAM ............................... 128 

4.4 Conclusion .......................................................................................................................... 130 

5. Chapter Five: Testbeds ......................................................................................................... 131 

5.1 AR Smart Grid for Monitoring and Detecting Learning Events in Smart Classes ............. 133 

5.1.1 Experiment Objective ...................................................................................................... 134 

5.1.2 Software Requirements Specification (SRS) .................................................................. 135 

5.1.2.1 Software Requirements ................................................................................................ 135 

5.1.3 Modelling and Design ..................................................................................................... 136 

5.1.3.1 The Features of the System .......................................................................................... 136 

5.1.4 Architecture and System Design ..................................................................................... 137 

5.1.4.1 Conceptual Architecture ............................................................................................... 138 



5 | P a g e  

5.1.4.2 High Level Design ........................................................................................................ 139 

5.1.5 Implementation ................................................................................................................ 139 

5.1.5.1 AR-Smart Grid Features ............................................................................................... 141 

A: Grid Modes .................................................................................................................. 141 

B: Dropbox Account (Cloud Integration)......................................................................... 142 

C: Messaging Service ....................................................................................................... 142 

D: Message Scenarios ...................................................................................................... 143 

E: Feedback Messages...................................................................................................... 146 

F: Smart Watch Integration (Wearable Device) ............................................................... 147 

5.1.6 Summary ......................................................................................................................... 148 

5.2 Haptic Middleware Controller for ICT Advanced Tools Integration ................................. 149 

5.2.1 Experiment Objective ...................................................................................................... 149 

5.2.2 Specific Development Approach ..................................................................................... 150 

5.2.3 System Development Requirements ................................................................................ 151 

5.2.4 Requirements of Middleware System ............................................................................. 151 

5.2.5 Software and Hardware Requirements ............................................................................ 151 

5.2.5.1 Software Tools ............................................................................................................. 151 

5.2.5.2 Hardware tools ............................................................................................................. 152 

5.2.6 System Architectural Design ........................................................................................... 154 

5.2.6.1 High Level Design ........................................................................................................ 154 

5.2.6.2 Results and Testing ...................................................................................................... 158 

5.2.7 Experiment Analysis ....................................................................................................... 159 

5.2.8 Summary ......................................................................................................................... 160 

6. Chapter Six: ETAM Validation ............................................................................................ 162 

6.1 Investigation Procedure: Method ....................................................................................... 163 

6.2 ETAM Parameters .............................................................................................................. 165 

6.3 The Candidate Questions and Question Type .................................................................... 165 

6.4 Results ................................................................................................................................ 166 

6.4.1 Quantitative Analysis ...................................................................................................... 166 



6 | P a g e  

6.4.2 Qualitative Analysis ........................................................................................................ 191 

6.5 Discussion .......................................................................................................................... 194 

6.6 Conclusion .......................................................................................................................... 195 

7. Chapter Seven: Conclusion .................................................................................................. 196 

7.1 Research Contributions ...................................................................................................... 197 

7.2 Discussion .......................................................................................................................... 199 

7.3 Limitations and Further work ............................................................................................. 203 

7.4 Conclusion .......................................................................................................................... 205 

8. Bibliography ......................................................................................................................... 208 

9. Appendix .............................................................................................................................. 219 

Appendix A: AR Smart Grid .................................................................................................... 222 

Appendix B: Haptic Middleware for Smart Peripherals Interactions ...................................... 243 

Appendix C: Survey Structure ................................................................................................. 263 

 

  



7 | P a g e  

List of Figures 
----------------------------------------------------------------------------------------------------------------------------- 

CHAPTER 1 
FIGURE 1.  1: SMART LEARNING FACTORS ................................................................................................. 18 
FIGURE 1.  2: TECH-PEDAGOGY STUDY APPROACH.................................................................................... 30 
FIGURE 1.  3: HAPTIC SMART MIDDLEWARE VISION FOR THE NEW SMART CLASSROOM ........................... 33 

------------------------------------------------------------------------------- 

CHAPTER 2 
FIGURE 2. 1: THE THEORY OF REASONED ACTION ..................................................................................... 46 
FIGURE 2. 2. THE TECHNOLOGY ACCEPTANCE MODEL (TAM) .................................................................. 48 
FIGURE 2. 3. SMART CLASSROOM LAYOUT ................................................................................................ 55 
FIGURE 2. 4. SMART CLASSROOM LEARNING KEY COMPONENTS ............................................................... 61 
FIGURE 2. 5. EDUCATIONAL TECHNOLOGY LAYERED ARCHITECTURE ....................................................... 79 
FIGURE 2. 6. ARCHITECTURE OF A SMART CLASSROOM SYSTEM ............................................................... 81 

------------------------------------------------------------------------------- 

CHAPTER 3 
FIGURE 3. 1: OVERVIEW OF RESEARCH APPROACH .................................................................................... 89 
FIGURE 3. 2: SYSTEMS DEVELOPMENT LIFECYCLE PROCESS...................................................................... 90 
FIGURE 3. 3: SPIRAL MODEL ...................................................................................................................... 91 
FIGURE 3. 4: FOUNDATIONAL CONCEPTS OF THE MDA .............................................................................. 93 
FIGURE 3. 5: ADOPTED TOGAF FRAMEWORK SYSTEM DEVELOPMENT STAGES ....................................... 98 
FIGURE 3. 6: THE ADOPTED SPIRAL MODEL ............................................................................................... 99 
FIGURE 3. 7: RESEARCH METHOD FLOWCHART ........................................................................................ 100 

------------------------------------------------------------------------------- 

CHAPTER 4 
FIGURE 4. 1:  THE CONCEPTUAL DESIGN OF NEW SMART CLASSROOM LAYOUT ..................................... 112 
FIGURE 4. 2: THE DYNAMIC INTERACTION ELEMENTS OF THE NEW SMART CLASSROOM (IC) ................. 113 
FIGURE 4. 3: THE ENTIRE SYSTEM ARCHITECTURE DESIGN ..................................................................... 114 
FIGURE 4. 4: BUSINESS ARCHITECTURE LAYER........................................................................................ 115 
FIGURE 4. 5: APPLICATION ARCHITECTURE LAYER .................................................................................. 118 
FIGURE 4. 6: TECHNOLOGY ARCHITECTURE LAYER ................................................................................. 121 
FIGURE 4. 7: THE EXTENDED TECHNOLOGY ACCEPTANCE MODEL (ETAM) ........................................... 124 
FIGURE 4. 8: ETAM ECOSYSTEM MODEL ................................................................................................ 126 
FIGURE 4. 9. TEACHING AND LEARNING PROCESS IN NEW SMART CLASSROOM IN CONJUNCTION WITH 

ETAM ............................................................................................................................................. 128 

------------------------------------------------------------------------------- 

CHAPTER 5 
FIGURE 5.1. 1: SYSTEM BOUNDARY DIAGRAM ......................................................................................... 135 
FIGURE 5.1. 2: USE CASE DIAGRAM FOR AR SMART GRID APPLICATION ................................................ 137 
FIGURE 5.1. 3: CONCEPTUAL ARCHITECTURE OF THE AR SMART GRID ................................................... 138 
FIGURE 5.1. 4: CONCEPTUAL ARCHITECTURE NOTATIONS ....................................................................... 138 
FIGURE 5.1. 5: HIGH LEVEL DESIGN ......................................................................................................... 139 
FIGURE 5.1. 6: AR SMART GRID APP ICON AND PEBBLE APP LANDING PAGE ........................................... 140 



8 | P a g e  

FIGURE 5.1. 7: CONFIGURATION MENU TO SET INPUT, GRID MODE AND GRID OPTIONS ............................. 140 
FIGURE 5.1. 8: FREE GRID MODE BY DRAGGING AND DROPPING CELLS .................................................. 141 
FIGURE 5.1. 9: FIXED GRID MODE WITH USER POSITIONED CELLS FOR THRESHOLD. .............................. 142 
FIGURE 5.1. 10: PUSHING NOTIFICATIONS INTERFACE ............................................................................. 143 
FIGURE 5.1. 11: LOCK SCREEN PUSHED MESSAGE ................................................................................... 144 
FIGURE 5.1. 12: PUSHED MESSAGE INTO THE HOME SCREEN ................................................................... 144 
FIGURE 5.1. 13: APP AUTO MESSAGE ...................................................................................................... 145 
FIGURE 5.1. 14: IN CELL PUSHED MESSAGE ............................................................................................. 145 
FIGURE 5.1. 15: PEBBLE SMART WATCH .................................................................................................. 147 
 

FIGURE 5.2. 1: CONCEPTUAL ARCHITECTURE .......................................................................................... 154 
FIGURE 5.2. 2: IMPLEMENTATION ARCHITECTURE ................................................................................... 157 
FIGURE 5.2. 3: HAPTIC SELECTED PERIPHERALS ...................................................................................... 158 
FIGURE 5.2. 4: HAPTIC USER INTERFACE TESTING ................................................................................... 159 

------------------------------------------------------------------------------- 

CHAPTER 6 
FIGURE 6. 1: GRAPHICAL PRESENTATION OF CROSS TABULATION ........................................................... 167 
FIGURE 6. 2: ICT LEARNING APPLICATION / SOFTWARE USED IN THE CLASSROOM ................................. 169 
FIGURE 6. 3: GRAPH SHOWS THE ICT LEANING TOOLS USED IN THE CLASSROOM ..................................... 170 
FIGURE 6. 4:  THE PERCENTAGE OF EFFECTIVENESS RECORDED BY THE PARTICIPANTS WHEN USING ICT 

LEARNING TOOLS ............................................................................................................................ 171 
FIGURE 6. 5. PERCENTAGE RESPONSES OF ICT TOOLS USED BY THE PARTICIPANTS ............................... 171 
FIGURE 6. 6: PERCENTAGE OF RATING GIVEN BY THE PARTICIPANTS ACCORDING TO THEIR ICT SKILLS 172 
FIGURE 6. 7: LINEAR GRAPH SHOWS POSITIVE CORRELATION BETWEEN PERCEIVED USEFULNESS AND 

PERCEIVED EASE OF USE ................................................................................................................. 180 
FIGURE 6. 8: LINEAR GRAPH SHOWS POSITIVE CORRELATION BETWEEN PERCEIVED EASE OF USE AND 

ATTITUDE TOWARDS ICT ADVANCE TOOL USE ............................................................................... 180 
FIGURE 6. 9: LINEAR GRAPH SHOWS POSITIVE CORRELATION BETWEEN BEHAVIOUR INTENTION TO USE 

AND UNDERSTANDING OF SCENE PARTITIONING IN ICT ADVANCED TOOL. ..................................... 181 
FIGURE 6. 10: LINEAR GRAPH SHOWS POSITIVE CORRELATION BETWEEN BEHAVIOUR INTENTION TO USE 

AND UNDERSTANDING AND EXPECTATION OF SCENE PARTITIONING AND ICT ADVANCED TOOL IN 

GENERAL. ........................................................................................................................................ 181 
FIGURE 6. 11: PATH DIAGRAM OF ETAM MODEL ................................................................................... 183 
FIGURE 6. 12: PATH DIAGRAM OF ETAM MODEL ................................................................................... 188 
FIGURE 6. 13: GRAPH SHOWING THE QUALITATIVE ANALYSIS REPORT ................................................... 194 

  



9 | P a g e  

List of Tables 
----------------------------------------------------------------------------------------------------------------------------- 

CHAPTER 5 
TABLE 5.1. 1: INITIAL SYSTEM REQUIREMENTS ....................................................................................... 134 
 

TABLE 5.2. 1: HAPTIC CONTROLLERS COMPLEMENTING THEIR STRENGTHS OVER OTHER CONTROLLER’S 

WEAKNESSES ................................................................................................................................... 158 
----------------------------------------------------------------------------------------------------------------------------- 

CHAPTER 6 
TABLE 6. 1: DEMOGRAPHIC CHARACTERISTICS OF PARTICIPANTS ........................................................... 166 
TABLE 6. 2: CROSS TABULATION OF THE QUALIFICATION AND TEACHING EXPERIENCE ........................... 167 
TABLE 6. 3: ICT LEARNING APPLICATION / SOFTWARE USED IN THE CLASSROOM .................................. 168 
TABLE 6. 4: ICT LEARNING TOOLS USED IN THE CLASSROOM .................................................................. 169 
TABLE 6. 5: DESCRIPTIVE ANALYSIS OF CONSTRUCTS ............................................................................. 173 
TABLE 6. 6: CRONBACH'S ALPHA ............................................................................................................. 174 
TABLE 6. 7: INTERNAL RELIABILITY OF THE CONSTRUCTS ....................................................................... 175 
TABLE 6. 8: QUESTIONNAIRE ITEMS CONSTRUCTS FOR THE FACTORS ..................................................... 176 
TABLE 6. 9: CONVERGENT VALIDITY ....................................................................................................... 177 
TABLE 6. 10: CORRELATIONS MATRIX ..................................................................................................... 179 
TABLE 6. 11: MODEL FIT EVALUATION (COMBINED MODEL) .................................................................. 184 
TABLE 6. 12: SIGNIFICANCE TEST OF INDIVIDUAL PARAMETERS ............................................................. 187 
TABLE 6. 13: MODEL FIT EVALUATION(THE REVIEWED ADVANCED  ICT TOOL) ..................................... 189 
TABLE 6. 14: QUALITATIVE ANALYSIS ..................................................................................................... 191 
 

----------------------------------------------------------------------------------------------------------------------------- 

 

 

  



10 | P a g e  

Glossary 
Acceptability 

The system architecture quality factor that influences user preferences, acceptance and 
tolerance for a given solution. 
 
Archimate Modelling Tool 
A UML based modelling architecture language tool that supports the description, 
analysis and visualisation of system design architecture within and across system 
domains in an obvious way. 
 
Augmented Reality - AR 
Augmented Reality is a mixture of both the virtual and real worlds. It is characterised 
here by the superimposition or projection of computer-generated images or virtual 
reality onto real-world elements. AR enhances the real image using digitised content 
and information by creating a virtual overlay scene. It may also have three-dimensional 
expressions. 
 
Extended Technology Acceptance - ETAM 
ETAM plays a key role in the introduction of the advanced ICT tools and a specific 
training program to accept the use of advance technology for higher ICT tools 
acceptance. A key research contribution. 
 
Haptics 
It refers to a technology that uses touch to control and interact with peripherals. 
 
Human Machine Interaction - HMI 
The interaction behaviour between the user and the machine occurring in two 
directions. 
 

Information Communications Technologies - ICT 

Tools and resources that establish and create communication, disseminating, storing 
and managing information.  
 
Interactivity  
The communication process that involves users / machines in certain established 
channels for obtaining or exchanging data/commands between the internal and external 
objects.  
 
Internet of Things - IoT 
Refers to the network of physically embedded technologies that work to communicate, 
sense or interact with their internal or the external environment based on IP address. 
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Machine to Machine Interaction - MMI   
It refers to the communication between machines (devices) by using ad hoc channels, 
such as wired and wireless communication; and thus can be executed via IoT, WSN 
and middleware. 
 
Smart teaching and learning pedagogy 
An approach that represents a cooperative teaching and learning method(s) using ICT 
advanced equipment among learners.   
 
System architecture 
Applies to the software that processes information between system users. Moreover, it 
also defines a conceptual model that represents the structure, behaviour and views of 
the proposed system. 
 
Smart Classroom 
A physically built room equipped with audio-visual Information Communications 
Technologies (ICT), tools that may capture human motion, utterance and gesture. The 
equipment allows the teacher to instruct  both local and remote students. 
 
Teaching and learning pedagogy 
The teacher-student realtionship forming a direct flow of information the teacher is a 
sender of information to the student; the student is the receiver of that information. It 
also involves the pre-setting of the teaching and learning environment that incubate 
pedagogical materials, tools and resources.  
     
Technology Acceptance Model - TAM 
It refers to the information system theory, developed by Davis (1986) that consists 
elements lead to model how users derive to accept technology. These elements involve: 
perceived usefulness; perceived ease of use; attitude toward using technology; and 
behavioural intention. 
 
The Open Group Architecture Framework - TOGAF 
An enterprise architecture framework offering a high level approach to introduce 
system architecture design.  Moreover, the TOGAF framework is used for designing, 
planning, implementing, and governing the information technology architecture 
enterprise. 
 
Unify Modelling Language – UML 
A general modelling language that provides a reflected visual design of the system. 
 
Usability 
The system architecture quality factor that determines user perception of a given 
solution fitness for the designated role or purpose. 
 



12 | P a g e  

 
Wireless Sensor Network - WSN 
A wireless network system consists of spatially distributed autonomous devices using 
sensors for monitoring and distributed data in a particular network environment. 
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