Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



A Multimedia Information System
for the Support of
Studies of Behaviour

A dissertation presented
in partial fulfilment of the requirements
for the degree of
Doctor of Philosophy in Information Systems
at Massey University

Eva Heinrich

1999






Abstract

The research presented in this thesis describes the conceptualisation of multimedia
information systems to provide advanced support for the study of behaviour, the
specification and implementation of such a system, called PAC, and the application of

PAC in case studies in the fields of education and psychology.

Researchers in disciplines such as education, psychology and sociology are concemed
with the study of behaviour and record behaviour on video or audio to capture it for
subsequent analysis. A variety of quantitative and qualitative analysis methods are
employed across the disciplines. Despite different emphases in the study of behaviour
across the disciplines, a common set of core analysis steps can be established and
identified as description of behaviour, retrieval of descriptions according to common
characteristics, and interpretation of these descriptions. With the advances in multimedia
computing, data of multiple media formats have become very accessible even on end user
computer systems. This suggests the investigation into new analysis tools for multimedia

data to support the analysis of behaviour recordings.

A conceptualisation for a new multimedia information system was developed which
aimed at supporting the core analysis steps of description, retrieval and interpretation,
providing means for the combined analysis of behaviour recordings of multiple media
formats, and facilitating quantitative and qualitative interpretation techniques. This
analysis support was complemented by the ideas of setting a single study into a domain
context to form, over time, a knowledge basis for future studies and by the capture of
study conclusions in multimedia format to allow rich, informative reporting of study
results. The single most important conceptualisation for a new system was the design of
the Flexible Structured Coding Language, FSCL. This coding language allows
formulating rich and precise descriptions of behaviour in a very flexible way. Due to the
structure of the coding language it is possible to correctly and completely retrieve the

subject — verb — object relationships within the description sentences.
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Based on the conceptualisation, a specification for a concrete advanced multimedia
information system to support the study of behaviour was developed and a system was
implemented accordingly. This system, called PAC, was used in three case studies
concerned with the study of behaviour in collaboration with domain experts from the
disciplines of education and psychology. The case studies aimed at testing the concepts
behind the implementation PAC. By conducting their analyses using PAC, the domain
experts gained detailed familiarity with the conceptualisation developed in this research

and confirmed the usefulness of this conceptualisation for the study of behaviour.

iv



Acknowledgements

There are a number of people I want to thank for their support throughout this research.
My first thanks go to my two supervisors, Prof Jon Patrick and Dr Elizabeth Kemp. In
particular, I am grateful to Prof Patrick who, through his own research, introduced me to
the research area of information systems support for the study of behaviour and created an
environment in which I could follow up on my own research ideas. I am especially
thankful to Dr Kemp for her conscientious and thorough feedback throughout the research

and especially over the period of writing up the thesis.

Many people from various disciplines have given me the opportunity to discuss the
requirements of the disciplines involved in the study of behaviour and have listened to
and commented on my evolving ideas for the design of a multimedia information system.
I am especially thankful to the following researchers for conducting the case studies with
me: Dr Alan Winton and Sasha McComb, Massey University; Dr lan Wilkinson,
University of Auckland; and Craig Whittington, Massey University.

On a personal note, I want to thank my parents for sending me off on the right path and

for always being there for me should the need for support arise.






Publications

Publications related to this research are:

Heinrich E., Kemp E. and Patrick J.D. (1999). A Natural Language Like Description

Language. Tenth Australasian Conference on Information Systems (accepted).

Heinrich E., Patrick, J.D. and Kemp, E. (1999). 4 Flexible Structured Language for the
Coding of Human Behaviour: FSCL. Technical Report 1/99, Department of Information

Systems, Massey University, New Zealand.

Heinrich E., Patrick, J.D., and Kemp, E. (1998). A Multimedia Information System to
Support the Analysis of Human Behaviour Recorded on Video. Computers in Psychology,

Conference Proceedings, CTI Centre for Psychology, University of York, York.

Schroeter (Heinrich) E. and Patrick, J.D. (1996). An Application Interface with Multiple
Workspaces: The Context Switcher. Conference Proceedings OzCHI'96. IEEE Computer

Society Press, Los Alamitos.

vii






Brief Contents

Chapter 1
Chapter 2
Chapter 3
Chapter 4
Chapter 5
Chapter 6
Chapter 7

Chapter 8

References

Appendix A
Appendix B
Appendix C
Appendix D

Appendix E

Introduction

Analysis Methods for the Study of Behaviour

Existing Computer Systems to Support the Study of Behaviour
Conceptualisation of Advanced Multimedia Information Systems
The Flexible Structured Coding and Query Languages

Towards a Specification for a Multimedia Information System
Case Studies

Conclusions and Further Work

Summary of FSQL Query Options

Examples for FSQL Query Matching Algorithm
The PAC Windows Belonging to Each Module
The PAC Database Tables

Screenshots from the Implementation PAC

ix

11

49

83

101

135

155

201

211

223

227

235

239

249






Detailed Contents

Chapter 1 Introduction

1.1  The Scope of ‘Studies of Behaviour’

1.2 Motivation and Objectives for the Research
1.3 Research Methodology

1.4  Structure of the Thesis

Chapter 2  Analysis Methods for the Study of Behaviour

2.1  Quantitative Analysis Methods
2.1.1 Study Design
2.1.2 Observer Effects
2.1.3 Validity and Reliability
2.1.4 Analysis and Interpretation of Data
2.1.5 Reporting of Results
2.2 Qualitative Analysis Methods
2.2.1 Qualitative Data
2.2.2 Analysis and Interpretation
2.2.3 Validity and Reliability
2.2.4 Reporting of Results
2.2.5 Use of Computers
2.3  Comparison of Quantitative and Qualitative Analysis Methods
2.3.1 Differences between Quantitative and Qualitative Analysis Methods
2.3.2 Commonalities of Quantitative and Qualitative Analysis Methods
2.4  Summary

Chapter 3  Existing Computer Systems to Support the Study of Behaviour

3.1  Existing Systems
3.1.1 OBSERVER
3.1.2 CABER
3.1.3 MacShapa
3.1.4 vPrism
3.1.5 Constellations
3.1.6 CVideo
3.1.7 NUDIST and CVideo
3.1.8 ATLAS.ti
3.1.9 Code-A-Text
3.1.10 FERAL
3.1.11 Other Systems

xi

O N -

11

12
12
18
20
22
25
25
28
30
33
35
36
38
38
42
45

49

50
51
2
54
55
55
56
56
58
59
59
60



3.2 Discussion of Features of Existing Systems 65

3.2.1 Origin of the System 66
3.2.2 Focus on Analysis of Video Data 66
3.2.3 Use of Video Technology 67
3.2.4 Description Mechanisms 67
3.2.5 Retrieval of Information from Description Data 71
3.2.6 Storage of Analysis Data 73
3.2.7 Reporting on Results 73
3.3  Areas for Improvement 74
3.3.1 Technology 74
3.3.2 Multimedia (/s
3.3.3 Combined Quantitative and Qualitative Analysis Systems 76
3.3.4 Coding Schemes 76
3.3.5 Database Management System 79
3.3.6 Interface Design 79
3.3.7 Support for the Whole Behaviour Analysis Process 80
34  Conclusion 80

Chapter 4 Conceptualisation of Advanced Multimedia Information Systems 83

4.1 Use of Multimedia Technology 85
4.2  Use of a Database Management System 89
43  Need for Flexible Structured Coding and Query Languages 91
4.3.1 Natural Language for the Description of Behaviour 91

4.3.2 Structured Languages for the Coding of Behaviour 92

4.3.3 Comparison of Natural Language Description and Formalised Coding 93

44  Interpretation Techniques 94
4.5  Specific Requirements of Quantitative Interpretation in a Multimedia Context 97
4.6  Support for Conclusion Construction 98
4.7  Domain Context and Knowledge Building 100
4.8  Conclusion 100
Chapter 5  The Flexible Structured Coding and Query Languages 101
5.1  The Flexible Structured Coding Language (FSCL) 101
5.1.1 Concept of FSCL 102

5.1.2 Categories of FSCL 102

5.1.3 Vocabulary of FSCL 104

5.1.4 Formal Specification of FSCL 104
5.1.4.1 Automaton and LL2 Grammar 106

5.1.4.2 Semantic Tree 107

5.1.5 Limitations of FSCL Compared to Natural Language 110

5.1.6 Coding Procedure 113

5.2 The Flexible Structured Query Language (FSQL) 114
5.2.1 Requirements of Correctness and Completeness 114

5.2.2 Flexibility in Querying 117

5.2.3 Combination of Code Instances through Querying 118

xii



53

5.2.4 Format of the Query Results
5.2.5 Formal Description of FSQL
5.2.6 Query Evaluation Using FSQL
5.2.6.1 Construction of Full Query Tree

5.2.6.2 Application of Full Query Tree to Set of Code Instances
Conclusion

Chapter 6 Towards a Specification for a Multimedia Information System

6.1
6.2
6.3
6.4
6.5

Modular Design

Interaction between Modules and Database Tables

Interface Design using Module based Window Management
Use of Sets

The Implementation of PAC

Chapter 7 Case Studies

7.1

72

Case Study Design
7.1.1 Case Study Question
7.1.2 Multiple Case Design and Study Selection
7.13 Case Study Evidence
7.14 Analysis of Evidence
7.1.5 Cross Case Evaluation
The Individual Case Studies
7.2.1 The Reading Groups Case Study
7.2.1.1 Familiarisation with PAC and Scoping of Case Study
7.2.1.2 Process of Conducting the Case Study
7.2.1.3 Data Analysis using PAC
7.2.1.3.1 Behavioural Input Data
7.2.1.3.2 Development of Vocabulary
7.2.1.3.3 Coding
7.2.1.3.4 Querying of Code Instances
7.2.1.4 Shortcomings of the Implementation
7.2.1.5 Extensions and Changes to PAC Caused by the Case Study
7.2.1.6 Case Study Evaluation
7.2.2 The Dog Calming Case Study
7.2.2.1 Familiarisation with PAC and Scoping of Case Study
7.2.2.2 Process of Conducting the Case Study
7.2.2.3 Data Analysis using PAC
7.2.2.3.1 Behavioural Input Data
7.2.2.3.2 Development of Vocabulary
7.2.2.3.3 Coding
7.2.2.3.4 Querying and Interpretation
7.2.2.4 Shortcomings of the Implementation
7.2.2.5 Extensions and Changes to PAC Caused by the Case Study
7.2.2.6 Case Study Evaluation

xiii

126
128
129
130
130
132

135

136
138
142
144
148

155

155
156
156
157
158
159
160
161
161
162
163
163
164
166
169
170
170
172
173
174
175
175
176
176
178
180
181
182
183



7.2.3 The Parkinson’s Rating Scheme Case Study

7.2.3.1
723.2
7283

Familiarisation with PAC and Scoping of Case Study
Process of Conducting the Case Study

Data Analysis using PAC

7.2.3.3.1 Behavioural Input Data

7.2.3.3.2 Development of Vocabulary

7.2.3.3.3 Coding

7.2.3.3.4 Querying of Code Instances

Shortcomings of the Implementation

Extensions and Changes to PAC Caused by the Case Study
Case Study Evaluation

Conclusions and Further Work

72.3.4

723.5

723.5
7.3 Cross Case Evaluation
74  Case Studies Summary
Chapter 8
8.1 Review
8.2 Contributions
83 Further Work
References

Appendix A Summary of FSQL Query Options

Appendix B Examples for FSQL Query Matching Algorithm

Appendix C The PAC Windows Belonging to Each Module

Appendix D The PAC Database Tables

Appendix E Screenshots from the Implementation PAC

xiv

186
186
188
188
188
189
190
192
193
194
195
197
197

201

201

205

207

211

223

227

235

239

249



Figures and Tables

Figures

Figure 1.1
Figure 1.2

Figure 2.1

Figure 4.1
Figure 4.2

Figure 5.1
Figure 5.2

Figure 5.3

Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8
Figure 5.9
Figure 5.10
Figure 5.11
Figure 5.12
Figure 5.13
Figure 5.14
Figure 5.15
Figure 5.16
Figure 5.17

Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8
Figure 6.9

Research steps
Interaction of research steps

Steps in the quantitative research process (Neuman, 1994)

Phases in the behaviour analysis process
Relationships of description, retrieval and interpretation techniques

Exemplar vocabulary definition

Automaton for first pass of syntax analysis with equivalent
regular expression

Coding sentence example with pattern string and modified
pattern string

Generic LL2 grammar for FSCL

Semantic tree for example sentence

Semantic trees for two example sentences

Query tree for example query

Query layers

Boolean OR query

Boolean AND query

Boolean NOT query

Time/Position comparison evaluation

Sequence query option

Combined-with query option

LL2 grammar for FSQL

Full query tree example

Query matching algorithm

The modules of PAC

Execution dependencies between modules and database tables
Result dependencies between modules and database tables
Module based interface elements in PAC

Role of sets in the analysis process

Potential coding - querying - coding sequence

Potential analysis sequence aimed at quantitative analysis
Potential analysis sequence aimed at qualitative analysis

Use of sets to combine quantitative and qualitative analysis

XV

(V)

13

86
95

105
108

109

110
111
115
116
120
121
122
123
124
126
127
129
131
133

138
140
141
144
146
147
148
149
150



Figure 7.1
Figure 7.2
Figure 7.3
Figure 7.4
Figure 7.5

Figure 7.6
Figure 7.7
Figure 7.8
Figure 7.9
Figure 7.10
Figure 7.11
Figure 7.12

Figure 7.13
Figure 7.14
Figure 7.15
Figure 7.16
Figure 7.17
Figure 7.18
Figure 7.19

Tables
Table 2.1

Table 4.1
Table 5.1
Table 5.2
Table 5.3
Table 6.1

Table 7.1
Table 7.2

Questions to the domain experts

Specifications for digital video in Reading Groups case study
Behaviour recording example for Reading Groups case study
Abbreviated vocabulary in Reading Groups case study
Examples of coding sentences for word leaming opportunities in
Reading Groups case study

Specifications for digital video in Dog Calming case study
Behaviour recording example for Dog Calming case study
Vocabulary in Dog Calming case study

Examples of coding sentences in Dog Calming case study
Examples of external noise descriptions in Dog Calming case study
Initial queries in Dog Calming case study

Graphical presentation of correlating behaviours in Dog Calming
case study

Specifications for digital video in Parkinson’s Disease case study
Behaviour recording example for Parkinson’s Disease case study
Vocabulary in Parkinson’s Disease case study

Example coding sentences in Parkinson’s Disease case study
Example annotations in Parkinson’s Disease case study
Example queries in Parkinson’s Disease case study

Example query results in Parkinson’s Disease case study

Comparison of quantitative and qualitative analysis
Comparison of different approaches to description
Transition table for automaton

Vocabulary of two example sentences

Flexible query options

Association between PAC database tables and modules

Propositions and main source of evidence
Answers across case studies

xvi

159
164
165
167
169

177
177
179
180
180
181
182

189
190
191
192
192
193
194

47

94
109
115
119
139

160
198





