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Abstract

Smart environments consist of sensors, actuators, computer-controllable

devices, and pervasive services. A traditional paradigm for users to interact

with a smart environment (i.e., consuming services and controlling devices) is

to use software applications (called controller applications). This interaction

paradigm is called the application-centric paradigm which has been a domi-

nant paradigm in desktop computing for many years. There are limitations of

this paradigm:

• Users need to install the right controller applications on their computers

(e.g., smartphones).

• The user interfaces are not directed towards users’ tasks, they are instead

organised around functions of controlled devices. Such the function-

based user interfaces require users to understand devices’ functions and

to coordinate them appropriately to accomplish a task.

• It cannot directly answer questions such as what tasks are possible in a

particular smart environment; and how to achieve a task using available

devices and services in a particular smart environment.

• It does not allow a user to move an ongoing task from one computer to

another computer.

• It does not allow distributed users to collaborate on the same task.

To address the limitations aforementioned, in this thesis, we investigated the

task-centric interaction paradigm in smart environments. With the task-centric

paradigm, users interact with smart environments in terms of tasks, instead of

applications and functions of devices. We designed and implemented a frame-

work supporting development and deployment of the task-centric paradigm

in smart environment. We implemented a prototype and evaluated it against

the application-centric paradigm. In addition to addressing the limitations of

the application-centric paradigm, our implementation of task- centric paradigm

also provides a task specification language and context-aware task suggestion.

1



Contents

List of Tables x

List of Figures xiii

Abstract xiv

Statement of Authorship xvi

Acknowledgements xvii

1 Introduction 1

1.1 The Usability Problem of Smart Environments . . . . . . . . . . . . 2

1.2 Research Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.3 Research Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1.4 Thesis Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.5 Evaluation Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

1.6 Thesis Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

1.7 Thesis Organisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2 Background and Related Work 14

2.1 Smart Environments . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.1.1 Overview of Smart Environments . . . . . . . . . . . . . . . 15

ii



2.1.2 Computing Models of Smart Environments . . . . . . . . . . 16

2.2 Universal Remote Systems . . . . . . . . . . . . . . . . . . . . . . . . 17

2.2.1 Point & Control Metaphor . . . . . . . . . . . . . . . . . . . . 17

2.2.2 Spoken Dialogue Systems . . . . . . . . . . . . . . . . . . . . 18

2.2.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.3 Task Guidance Systems . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.3.1 PEAT, ISAAC, Jogger, and ICue . . . . . . . . . . . . . . . . . 21

2.3.2 DiamondHelp . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.3.3 Roadie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.3.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.4 Task-Driven Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.4.1 Task-Driven Systems in Software Industry . . . . . . . . . . 24

2.4.2 Aura . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

2.4.3 TCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.4.4 InterPlay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.4.5 Olympus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.4.6 Huddle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.4.7 ANSI/CEA-2018 . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3 Research Problem and Proposal 31

3.1 Usability Issues of Smart Environments . . . . . . . . . . . . . . . . 31

3.1.1 Many Devices in Smart Environments . . . . . . . . . . . . . 34

3.1.2 Many Functions of a Device . . . . . . . . . . . . . . . . . . . 35

3.1.3 Multiple-Device Tasks . . . . . . . . . . . . . . . . . . . . . . 36

3.1.4 Replication, Composition and Customisation of Tasks . . . . 37

3.2 Overview of Proposed Solution . . . . . . . . . . . . . . . . . . . . . 38

iii



3.2.1 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

3.2.2 Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

3.3 Research Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

3.4 Evaluation Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

3.5 Implementation Approach . . . . . . . . . . . . . . . . . . . . . . . . 41

4 The TASKCOM Framework 42

4.1 Overview of the TASKCOM Framework . . . . . . . . . . . . . . . . 43

4.2 Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.2.1 Task Computing Framework . . . . . . . . . . . . . . . . . . 44

4.2.2 A Model of Smart Environments . . . . . . . . . . . . . . . . 44

4.2.3 Tasks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

4.2.4 Task Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4.2.5 Task-Based User Interfaces . . . . . . . . . . . . . . . . . . . 47

4.2.6 Context-Aware Task Suggestion . . . . . . . . . . . . . . . . 47

4.2.7 Pointing & Tasking Metaphor . . . . . . . . . . . . . . . . . . 48

4.2.8 Relations Between Concepts . . . . . . . . . . . . . . . . . . 48

4.3 Scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

4.3.1 An End-User’s Scenarios . . . . . . . . . . . . . . . . . . . . 49

4.3.2 A Developer’s Scenarios . . . . . . . . . . . . . . . . . . . . . 53

4.4 Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

4.4.1 TASKUI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

4.4.2 TASKOS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

4.4.3 User Profile Manager . . . . . . . . . . . . . . . . . . . . . . . 57

4.4.4 Task Execution Engine . . . . . . . . . . . . . . . . . . . . . . 57

4.4.5 Task Repository Manager . . . . . . . . . . . . . . . . . . . . 57

4.4.6 Task Suggestion Engine . . . . . . . . . . . . . . . . . . . . . 58

iv



4.5 Task Modelling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4.5.1 Task Composition and Decomposition . . . . . . . . . . . . . 60

4.5.2 Task Refinement . . . . . . . . . . . . . . . . . . . . . . . . . 60

4.6 Task Execution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4.6.1 Model of Task Execution Engine . . . . . . . . . . . . . . . . 61

4.6.2 User Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.6.3 Model of Task Instances . . . . . . . . . . . . . . . . . . . . . 62

4.6.4 Lifecycle of Task Instances . . . . . . . . . . . . . . . . . . . . 63

4.6.5 Resuming Tasks on Different Mobile Devices . . . . . . . . . 66

4.6.6 Collaboration Between Distributed Users . . . . . . . . . . . 66

5 Implementation 67

5.1 Task Modelling And Specification . . . . . . . . . . . . . . . . . . . . 67

5.1.1 Task Ontology . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

5.1.2 Task Specification Language . . . . . . . . . . . . . . . . . . 74

5.2 Task Guidance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

5.2.1 User Stories . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

5.2.2 Rendering Task Guidance on TASKUI’s User Interface . . . 82

5.3 Distributed Collaboration . . . . . . . . . . . . . . . . . . . . . . . . 84

5.3.1 User Story . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

5.3.2 Communication for Sharing a Task . . . . . . . . . . . . . . . 84

5.4 Context-aware Task Suggestion . . . . . . . . . . . . . . . . . . . . . 86

5.4.1 Place-Based Tasks . . . . . . . . . . . . . . . . . . . . . . . . . 86

5.4.2 Hierarchical Model of Smart Environments . . . . . . . . . . 88

5.4.3 Task Suggestion Algorithm . . . . . . . . . . . . . . . . . . . 90

5.4.4 Put Users in Control . . . . . . . . . . . . . . . . . . . . . . . 90

5.4.5 An Implementation of Task Suggestion . . . . . . . . . . . . 91

v



5.5 Capturing Users’ Intended Tasks . . . . . . . . . . . . . . . . . . . . 94

5.5.1 Keyword Search for Supported Tasks . . . . . . . . . . . . . 95

5.6 Task Repository Management . . . . . . . . . . . . . . . . . . . . . . 96

5.7 Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

5.7.1 Why Centralised Model of TASKCOM? . . . . . . . . . . . . 97

5.7.2 Technologies Used . . . . . . . . . . . . . . . . . . . . . . . . 98

6 Evaluation and Discussion 99

6.1 Comparison With Existing Approaches . . . . . . . . . . . . . . . . 100

6.1.1 Compared Subjects . . . . . . . . . . . . . . . . . . . . . . . . 100

6.1.2 Compared Aspects/Features . . . . . . . . . . . . . . . . . . 101

6.1.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

6.2 Use Cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

6.3 An Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

6.3.1 Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . 109

6.3.2 Participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

6.3.3 Experimental Tasks . . . . . . . . . . . . . . . . . . . . . . . . 111

6.3.4 Post-Test Questionnaire . . . . . . . . . . . . . . . . . . . . . 113

6.3.5 Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

6.3.6 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

6.4 Evaluation of Task Suggestion Mechanism . . . . . . . . . . . . . . 119

6.4.1 Participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

6.4.2 Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

6.4.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

6.5 Applying TASKCOM in Learning and Teaching Activities . . . . . . 130

7 Conclusion and Research Directions 132

vi



A Questionnaire 1: Participants’ Opinions about TASKUI 136

B Questionnaire 2: Participants Suggesting Tasks 139

C Questionnaire 3: Participants Re-ordering Suggested Tasks 142

D Experiment Data 144

D.1 Raw Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144

D.2 Synthetic Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152

D.2.1 Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152

D.2.2 Clicks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153

D.2.3 Errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

D.2.4 Helps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155

E Questionnaire Data: Participants’ Responses to Questionnaire 1 157

F Questionnaire Data: Participants’ Responses to Questionnaire 3 159

Bibliography 171

vii


