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Abstract 

Being a potential learning paradigm for the current decade, Computer Supported 

Collaborative Learning will blossom with the support of hardware technologies 

such as digital whiteboards along with suitable software. We investigated the 

effectiveness of a kind of digital whiteboard (SMART Board) for supporting 

collaborative learning. Our study reveals that the key features necessary for 

group learning such as floor control mechanism and interaction guidance are not 

supported by the current SMART board software. We designed and implemented 

software to overcome the important drawbacks of the existing systems which 

includes facilities to guide written and verbal contribution during the learning with 

the help of mini-vocabulary and to manage floor control. 



Acknowledgement 

I am deeply indebted to my supervisors Associate Professor Ray Kemp and 

Associate Professor Elizabeth Kemp for the invaluable advice, assistance, 

stimulating suggestions and encouragement. I have never gained so much self

confidence before. Without your support, I could not have finished this thesis . 

I also wish to pay a special thanks to Associate Professor Elizabeth Kemp for 

your invaluable time spent on evaluating the prototype. 

I wish to thank the Computer Science Division , Institute of Information Sciences 

and Technology for providing financial assistance through graduate assistant job 

throughout this course. 

The computer support staffs of our institute were very supportive. I wish to thank 

them. For our secretarial staff, especially Christine Bond and Christine Allport , 

thank you for your kindness and love. 

A hearty thanks goes to my parents and to my husband who are anxiously 

waiting long to see me with a master's. This time I will not disappoint you. 

Without your encouragement and support it is nothing I could achieve. Especially 

I wish to thank my daughters Archanah and Mathangi who had considerably 

missed their mother's passion and love. 



Contents 

Chapter 1 

Introduction ...................................................................................................... 1 

1. 1 Overview ......................................................................................... 1 

1 .2 Motivation ........................................................................................ 2 

1 .3 Research Objectives ....................................................................... 3 

1 .4 Thesis Outline ................................................................................. 3 

Chapter 2 

2.1 Introduction .................................................................................... 5 

2.2 Group Learning ............................................................................... 5 

2.2.1 Types of Group Learning Processes ................................. 6 

2.2.2 Group Dynamics ................................................................ 8 

2.3 Collaborative Learning .................................................................... 9 

2.3.1 Collaborative Knowledge Building ................................... 11 

2.3.2 Mechanisms of Collaborative Learning ............................ 12 

2.4 Problem solving ............................................................................. 14 

2.5 Computer Supported Collaborative Learning ................................ 15 

2 .5 .1 Face-to-Face Collaborative Learning .............................. 16 

2.5.2 Networked Collaborative Learning Systems .................... 17 

2.5.3 GroupWare ...................................................................... 17 

2.5.4 Computer-Supported Co-operative Work ........................ 19 

2.6 Previous Research on Collaborative Interaction ........................... 21 

2.7 Summary ....................................................................................... 22 

Chapter 3 

Digital whiteboards and their current usage as a teaching tool ...................... 25 

3.1 Introduction ................................................................................... 25 

3.2 SMART Board and Touch Screen ................................................. 25 

3.2.1 SMART Board ................................................................. 25 

3.2.2 Touch Screen Environment.. ........................................... 27 

3.3 Utilisation of the SMART Board ..................................................... 28 

3.4 Summary ....................................................................................... 30 

i. 



Chapter 4 

Experiments to assess the SMART Board for supporting Collaborative 

Learning ......................................................................................................... 31 

4.1 Introduction ................................................................................... 31 

4.2 Experimental Issues ...................................................................... 31 

4.2.1 Protocol issues ................................................................ 32 

4.2.2 Case Study ...................................................................... 32 

4.2.3 Experimental Design ....................................................... 33 

4.3 Pilot Study ..................................................................................... 34 

4.4 Main Study on the SMART Board ................................................. 35 

4.4.1 Getting Started ................................................................ 35 

4.4.2 Observations on the SMART Board experiment.. ............ 36 

4.4.3 Results from the SMART Board Study ............................ 37 

4.4.4 Results from the Questionnaire ....................................... 39 

4.5 Whiteboard Study .......................................................................... 41 

4.5.1 Getting Started ................................................................ 41 

4.5.2 Observations on the Whiteboard experiment .................. 42 

4.5.3 Results from Whiteboard Study ....................................... 43 

4.6 Comparison ................................................................................... 43 

4.7 Summary ....................................................................................... 44 

Chapter 5 

System Design ............................................................................................... 46 

5.1 Introduction ................................................................................... 46 

5.2 Proposals for Enhancements ........................................................ 46 

5.3 Prototyping Issues ......................................................................... 47 

5.4 Features of the Design .................................................................. 48 

5.4.1 Group Manipulation ......................................................... 49 

5.4.2 Guided interaction: verbal and written contributions ........ 49 

5.4.3 New Shared Page Creation ............................................. 51 

5.4.4 Interaction History Document .......................................... 51 

5.4.5 Other features ................................................................. 52 

5.5 Scenario ........................................................................................ 53 

5.6 Evaluation ..................................................................................... 67 

ii. 



5.7 Summary ....................................................................................... 68 

Chapter 6 

Conclusions and Future Work ....................................................................... 70 

6.1 Introduction ................................................................................ 70 

6.2 Contributions of this Work .... 

6.3 Further work ....... .. 

References .......................... .. 

. ... 70 

. .. 72 

. ........................... 75 

Appendix A ................................................................................................... 85 

SMART Board ................................................................................................ 85 

Appendix B .................................................................................................... 87 

The Case Study ............................................................................................. 87 

Appendix C . .. .. . . . .. .. .. .. .. .. . . .. . . .. . . . .. . . . ....... 88 

Amy Soller's Conversation Vocabulary...... . ... 88 

Appendix D.............................................. . ........ 89 

Main Study on SMART Board ............... . . ............................ 89 

Appendix E ............................................... . . ........................... 92 

Questionnaire ................................................................................................ 92 

Appendix F ............................... . 

Scenario Description ................ . 

Appendix G ................................... . 

Some useful Delphi programming code from the design .. 

... 95 

. .. 95 

117 

117 

1. Drawing on the image ................................................................... 117 

2. Pasting image (From 'Cut' or 'Copy') ............................................ 118 

3. CreateOLEObject (Creating Word document) ............................... 118 

4. StretchDraw ................................................................................. 118 

Iii. 



List of Figures 

Figure 2.1 The Knowledge Building Process ............................................... 12 

Figure 2.2 Time/Place framework for Groupware ....................................... 18 

Figure 3.1 SMART Board (floor stand) ........................................................ 26 

Figure 3.2 SMART Pen Tray ....................................................................... 27 

Figure 4.1 Group discussions in the SMART Board study ........................... 37 

Figure 4.2 Excerpt from group discussions in the Whiteboard study ........... 42 

Figure 5.1 Labelled Diagram of a New Page ............................................... 53 

Figure 5.2 Group Formation-> Add Member ............................................... 54 

Figure 5.3 Group learning page ................................................................... 55 

Figure 5.4 Choosing Member name ............................................................ 55 

Figure 5.5 Choosing Written -> Givens ->Facts ........................................... 56 

Figure 5.6 Jemy's contribution after Choosing Written-> Givens -> Facts ... 56 

Figure 5.7 Choosing Workspace->ldea ....................................................... 57 

Figure 5.8 Contribution on Workspace page ................................................ 58 

Figure 5.9 Choosing Continuation->Addition ............................................... 58 

Figure 5.10 Contribution to Solution page ................................................... 60 

Figure 5.11 Contribution to Solution ............................................................ 60 

Figure 5.12 Verbal contribution .................................................................... 61 

Figure 5.13 Verbal contribution->Agreement.. ............................................. 61 

Figure 5.14 Highlighting an area .................................................................. 62 

Figure 5.15 Selection for "cut" ...................................................................... 63 

Figure 5.16 Create new page "Final Solution" ............................................. 64 

Figure 5.17 Choosing page name ................................................................ 64 

Figure 5.18 Selecting area for coping .......................................................... 65 

Figure 5 .19 After pasting the copied area ................................................... 65 

Figure 5.20 Final Solution ............................................................................ 66 

Figure 5.21 Interaction History Document ................................................... 66 

IV 



List of Tables 

Table 2.1 Applications supporting for collaboration around the computer ..... 16 

Table 2.2 Network based applications supporting for Collaborative learning .. 17 

Table 2.3 Example of GroupWare Applications ............................................ 19 

Table 4.1 Results of the Questionnaire ........................................................ 41 

Table 5.1 Example of Written and Verbal contributions ................................ 50 

Table 5.2 Colour categorisation in Written contribution ................................ 51 

V 



1.1 Overview 

Chapter 1 

Introduction 

Rapid technological advances in computing have paved the way for innovative 

thinking in learning and teaching. Research linking human cognition with 

knowledge acquisition and knowledge representation has also contributed 

much in this area. In the early 1960s, the influence of behaviourism theory 

was at its height. This led to the emergence of the computer-assisted 

instruction (CAI) paradigm from the paper-based programmed instruction 

models (O'Shea and Self, 1983). Learning occurs via CAI as a passive 

acquisition or absorption of an established (and often rigidly defined) body of 

information. 

The application of artificial intelligence (Al) techniques in CAI systems (ICAI) 

(Carbonell, 1970) and Micro-world systems (Taylor, 1980) led to other kinds 

of educational systems. In intelligent tutoring systems (ITS) (Sleeman and 

Brown, 1982), learning occurs as a process in which the learner acquires a 

proper understanding of the problem space. In micro-worlds, new information 

interacts with prior knowledge and triggers a process of assimilation and 

accommodation (Koschmann, 1996). 

Most recent developments in constructivist theory, based on earlier 

sociocultural theories, introduced a new paradigm known as computer 

supported collaborative learning (CSCL). In 1996, Koschman declared that 

CSCL was being recognised as an emerging paradigm of educational 

technology. 

The instruction model behind CSCL is that of collaborative learning. 

Collaborative learning is a kind of group learning process which is based on 

the idea that learning is a naturally occurring social act in which the 

participants talk among themselves. According to (Gerlach, 1994, p. 8) "It is 
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through the talk that learning occurs". Collaborative learning can be enhanced 

by computer and communication technology, which includes the hardware 

and related software such as groupware. Special hardware devices such as 

digital whiteboards may be effectively used to promote the collaborative 

learning process. For example, the hardware technology such as SMART 

Board (iThink, 2001 ), a touch-sensitive interactive digital whiteboard where 

the image of a computer screen is projected onto it, when used along with 

some suitable software such as SMART Notebook, would provide a suitable 

environment for collaborative learning. To provide an efficient collaborative 

learning atmosphere, those environments need to include facilities for at least 

the following tasks: basic editing, documentation, visualizing ideas, importing 

and exporting from other resources, communication guidance/ interaction 

support, knowledge building, problem solving, and resource allocation. 

In this document, we describe research, where we have critically analysed the 

effectiveness of the hardware technology SMART Board along with the 

supporting software SMART Notebook for collaborative learning tasks. 

1.2 Motivation 

With the advanced technological support provided by computers for 

communication, several tools have been developed to facilitate group 

learning. Some educational institutions use whiteboards for group learning 

tasks. Now the digital whiteboard is being used in various countries for 

education. According to MirandaNet (2002), from their SMART Board 

evaluation, the students were motivated and stated that their learning had 

benefited with the help of SMART Board. However, there has been no 

research reported on the effectiveness of using SMART Board for 

collaborative learning. Firstly, though, the advantages and disadvantages 

need to be established for using the SMART Board environment for the 

collaborative learning tasks. Identifying the strengths and weakness of this 

environment for group learning process will eventually help us to establish the 

essential requirements for this type of environment for the group learning 
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process. Finally we could use a suitable prototype implementation to 

demonstrate our findings. 

1.3 Research Objectives 

The aim of this research is to give an appraisal of the SMART Board for group 

learning and to identify the essential requirements for this type of environment 

for the group learning process. Finally, we will demonstrate those features 

using a prototype implementation. Though various kinds of group learning 

processes are discussed in the literature, in this research we will concentrate 

on collaborative learning. 

The objectives of the research can be summarised as: 

• Literature Review: To study the important literature related to collaborative 

learning and computer supported collaborative learning 

• SMART Board Analysis: Investigating the effectiveness of the SMART 

Board for supporting collaborative learning activities, and then identifying 

the essential requirements for designing the enhanced software. 

o Interaction Guidance: To investigate the facilities for efficient 

communication in the SMART Board Environment for collaborative 

learning activities 

o Resource allocation: To determine whether the SMART Board 

environment allows maximum utilization of resources and whether it 

supports even participation among members. 

• Enhanced Software Design and Prototype: Designing software that 

incorporates the essential facilities necessary for collaborative learning 

with the SMART Board. Implementing a prototype to demonstrate some 

important features of this enhanced software. 

1.4 Thesis Outline 

Chapter two contains a discussion of the relevant literature for our project. 

Firstly, it presents group learning, and then collaborative learning as an 

important kind of group learning process. After that, CSCL and the essential 
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features of various kinds of software that support CSCL are also documented. 

This chapter also talks about some previous research into the CSCL 

paradigm. 

Chapter three describes digital whiteboards and their current usage as a 

teaching tool. In particular, the features of the SMART Board environment, 

and SMART notebook software are discussed. The usage of SMART Board 

for collaborative learning tasks is considered. 

Chapter four mainly reports on the experiments conducted to assess the 

SMART Board environment for supporting collaborative learning. The 

experiments are conducted in two phases: the pilot experiment and the main 

experiment. 

Chapter five describes the system design for the enhanced SMART Board 

software. Also a proposal for enhancing the SMART Board software is given. 

A prototype is implemented to demonstrate the design of the enhanced 

software. The justifications for design decisions are given. Using a scenario, 

an evaluation is carried out and the results are given in detail. 

Chapter six concludes the thesis with the findings from this research and 

suggestions for further work. 

4 




