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Abstract 

This thesis explores the design, deployment and use of a system of interactive 

display-based ubicomp prototypes deployed outside office doors in the Computing 

Department at Lancaster University, referred to as the Hermes system. The Hermes system 

provided a groupware application supporting asynchronous messaging facilities, analogous to 

a digital form of Post-it notes, to help support awareness and coordination. Occupants of 

offices equipped with Hermes displays (display owners) were able to manually share personal 

context in the form of short textual messages (e.g. ñGone for coffeeò or ñRunning 15 minutes 

lateò) or images. One novel aspect of the work on Hermes was longitudinal deployment 

outside of the lab which allowed exploration of adoption and use from door display owners.  

A key aim of the work on Hermes was the involvement of display owners in the 

design process in order to avoid purely technology-led design. This was done through the use 

of a questionnaire, a semi-structured interview, informal feedback and discussion with display 

owners during deployment. This user-centred approach generated valuable feedback to 

generate new requirements and features to help inform the design which would not otherwise 

have been available. Additionally, the Hermes prototypes acted as a form of technology 

probe: logging enabled the collection of usage data and deployment of a technically simple 

prototype helped inspire new design ideas and feedback from display owners. The design of 

the Hermes system and analysis of use focused primarily on the owners of door displays.  

In order for the user-centred and technology-probe based approach to be successful, 

owners were required to adopt the prototypes and use them as part of their daily routines. 

Therefore, crucial to the success of this approach during longitudinal deployment was refining 

the design and adding features to lower the cost of initial adoption and use. For example,  

adding features to help the prototype fit in with owners existing routines. Supporting adoption 

took precedence over areas such as design of the underlying system architecture and was the 

key metric when selecting features to implement from those suggested by owners or 

technically feasible. One particular challenge raised by the need to support adoption and 

maintain use during a longitudinal deployment was the requirement for high levels of 

reliability. This challenge was addressed numerous times and highlighted the need to help 

maintain a userôs trust, for example, by providing notification of failure in order to avoid 

trust-damaging experiences of unreliability.  



ii  

The major contributions of this thesis are: 1) an exploration of the longitudinal 

deployment of a digital display-based ubicomp system providing asynchronous messaging 

within a university department, 2) an understanding of the adoption and appropriation of the 

system and 3) an understanding of the use of the system to share personal context in order to 

support awareness and coordination.  

  



iii  

 

Declaration of Originality  

The material presented in this thesis is the result of my own independent research, 

under the supervision of Dr. K. W. Cheverst, carried out in the Department of Computer 

Science at the University of Lancaster under the auspices of the EPSRC funded CASCO 

(code GR/R54200/01) and CASIDE (code EP/C005589) projects.  

The work reported in this thesis has not been previously submitted for a degree, in 

this or any other form.  

The thesis is partly based on the following publications
1
: 

Cheverst, K., Fitton, D., Dix, A., Rouncefield, M.: Exploring Situated Interaction with 

Ubiquitous Office Door Displays. Proceedings of the Workshop on Situated 

Interaction at CSCW '02, New Orleans, USA (2002) 

Cheverst, K., Dix, A., Fitton, D., Friday, A., Rouncefield, M.: Exploring the Utility of Remote 

Messaging and Situated Office Door Displays. Proceedings of Human Computer 

Interaction with Mobile Devices and Services (MobileHCI 03). Udine, Italy (2003) 

336-341 

Fitton, D., Cheverst, K.: Experiences Managing and Maintaining a Collection of Interactive 

Office Door Displays. Proceedings of the European Symposium on Ambient 

Intelligence  (EUSAI). Eindhoven, The Netherlands (2003) 394-409 

Cheverst, K., Dix, A., Fitton, D., Rouncefield, M.: 'Out To Lunch': Exploring the Sharing of 

Personal Context through Office Door Displays. Proceedings of the Australasian 

Computer-Human Conference (OzCHI 2003), Brisbane, Australia (2003) 74-83 

 

                                                     

1
 All joint publications were written with group discussion and the majority of the text was written by 

the 1
st
 author unless otherwise stated. 



iv 

Cheverst, K., Fitton, D., Dix, A.: Situated Office Door Displays. In: O'Hara, K., Perry, M., 

Churchill, E., Russell, D. (eds.): Public and Situated Displays: Social and 

Interactional Aspects of Shared Display Technologies. Kluwer (2003) 141-169  

Fitton, D., Cheverst, K., J, F., Dix, A.: Supporting Interaction with Office Door Displays. 

Proceedings of workshop on Multi-User and Ubiquitous User Interfaces (MU3I) at 

IUI/CADUI, Madeira (2004) 19-23 

Fitton, D., Cheverst, K., Rouncefield, M., Dix, A.: Probing Technology with Technology 

Probes. Equator ï Record and Reuse Workshop, London (2004) 

Fitton, D., Cheverst, K., Kray, C., Dix, A., Rouncefield, M., SaslisLagoudakis, G.: Rapid 

Prototyping and User-centred Design of Interactive Display-based Systems. IEEE 

Pervasive Computing 4 (2005) 58-66 

All aspects of the design and development of the Hermes system were my own 

independent work, however, several of the design ideas and choices during the development 

of the Hermes system, primarily during Phase 1 (presented in section 3.7), were discussed 

with Dr. K Cheverst and Prof. A Dix prior to implementation. Several features were explicitly 

requested by owners of door displays and this is mentioned in the text where it occurred. The 

development approach used in Hermes, of iterative design and phased deployment beginning 

with the development team, was inspired by work on the Portholes project [Dourish '92b] and 

was first published in [Cheverst '03d]. The quantitative and qualitative analysis of use in 

Hermes as described in this thesis was my own independent work. The results of my work on 

quantitative analysis of context sharing, presented and discussed in section 5.7, was first 

published in [Cheverst '03c] where in addition to being involved in the group discussion I 

performed all the tagging and technical analysis of the Hermes 2 logs to provide data for the 

paper. Additionally, several of the issues discussed in section 6.9 were based upon the issues 

discussed in [Cheverst '03d].  

 

 



v 

Acknowledgements 

I would like to thank everyone that has offered me their help and support throughout 

this work. In particular I would like to thank my supervisor Dr. Keith Cheverst for giving me 

the opportunity to begin a career in research, but more importantly for his time, 

encouragement and endless cups of tea. I would also like to thank all the owners of the 

Hermes door displays that helped to make this work possible, and my parents for their help at 

every stage in my academic career. 

Last, but by no means least, I would like to thank my wife, Jessica. Without whom I 

would not have begun this work and without her continual kind words, encouragement and 

support this thesis would not have been completed. 



vi 

Contents  

Abstract .................................................................................................................................... i 

Declaration of Originality  ..................................................................................................... iii  

Acknowledgements ................................................................................................................. v 

Contents ................................................................................................................................. vi 

Figures .................................................................................................................................. xiv 

Tables ................................................................................................................................. xviii  

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

1.1 Overview ................................................................................................................. 1 

1.2 CSCW and Groupware ............................................................................................ 4 

1.3 Ubiquitous Computing ............................................................................................ 6 

1.4 Relevant Digital Display Technologies ................................................................... 6 

1.5 Definition of Terms ................................................................................................. 7 

1.6 Aims of Research .................................................................................................. 12 

1.7 Thesis Plan ............................................................................................................ 12 

Chapter 2............................................................................................................................... 14 

Related Work ........................................................................................................................ 14 

2.1 Introduction ........................................................................................................... 14 

2.2 A Survey of Existing Display-based Systems........................................................ 14 

2.2.1 Tab-Sized Displays ....................................................................................... 14 

2.2.2 Analysis of Tab-Sized Displays .................................................................... 16 

2.2.3 Pad-Sized Displays ....................................................................................... 17 

2.2.4 Analysis of Pad-Sized Displays .................................................................... 20 

2.2.5 Board-Sized Displays ................................................................................... 21 

2.2.6 Analysis of Board-Sized Displays ................................................................ 25 

2.2.7 Summary ...................................................................................................... 26 

2.3 Relevant Design Methodologies ............................................................................ 29 

2.3.1 User-Centred Design .................................................................................... 29 

2.3.2 Prototyping ................................................................................................... 30 

2.3.3 Participatory Design ..................................................................................... 30 

2.3.4 Ethnography ................................................................................................. 31 

2.3.5 Probes ........................................................................................................... 31 

2.3.6 Summary ...................................................................................................... 32 



vii  

2.4 Chapter Summary .................................................................................................. 32 

Chapter 3............................................................................................................................... 34 

The Initial Hermes Prototype .............................................................................................. 34 

3.1 Introduction ........................................................................................................... 34 

3.2 Background ........................................................................................................... 34 

3.3 Development Approach ......................................................................................... 36 

3.4 Initial Requirements .............................................................................................. 38 

3.4.1 Application Requirements ............................................................................ 38 

3.4.2 Installation Requirements ............................................................................. 38 

3.5 The Chosen Hardware Solution ............................................................................. 40 

3.6 The Chosen Software Solution .............................................................................. 41 

3.7 Phase 1 Initial Design ............................................................................................ 42 

3.7.1 Exploring Affordances .................................................................................. 42 

3.7.2 Door Display User Interface ......................................................................... 43 

3.7.3 Owner Functionality ..................................................................................... 45 

3.7.4 Visitor Functionality ..................................................................................... 50 

3.7.5 Early Design Decisions ................................................................................. 51 

3.7.6 Overall System Architecture ......................................................................... 52 

3.7.7 Functionality Provided at the Central Server ................................................ 53 

3.8 Deployment ........................................................................................................... 59 

3.9 Emerging Issues .................................................................................................... 59 

3.9.1 Unreliability of the Wireless Network .......................................................... 59 

3.9.2 Unreliability of the Door Display Platform ................................................... 60 

3.9.3 Overwriting of Owner Message by Visitors.................................................. 61 

3.9.4 Trust/Dependability ...................................................................................... 61 

3.9.5 Ease of Use ................................................................................................... 62 

3.9.6 Point of Realisation....................................................................................... 63 

3.10 New Requirements ................................................................................................ 63 

3.10.1 High Dependability  ....................................................................................... 63 

3.10.2 Appropriate Interaction Methods .................................................................. 64 

3.10.3 Door Display User Interface Timeout ........................................................... 64 

3.11 Summary ............................................................................................................... 65 

Chapter 4............................................................................................................................... 66 

The Evolution of Hermes ..................................................................................................... 66 

4.1 Introduction ........................................................................................................... 66 

4.2 The Later Development Phases of Hermes ............................................................ 66 



viii  

4.3 Phase 2 .................................................................................................................. 68 

4.3.1 Improving Reliability .................................................................................... 69 

4.3.2 Improving Trust ............................................................................................ 70 

4.3.3 Creating a Freehand Message ....................................................................... 70 

4.3.4 iButton based Authentication ........................................................................ 71 

4.3.5 Viewing Visitor Notes .................................................................................. 71 

4.3.6 Analysis of Phase 2 ....................................................................................... 72 

4.4 Phase 3 .................................................................................................................. 74 

4.4.1 Supporting Temporary Messages .................................................................. 74 

4.4.2 E-mail Interaction ......................................................................................... 75 

4.4.3 Improvement to the Logging System ............................................................ 76 

4.4.4 Access to Owner Profiles .............................................................................. 76 

4.4.5 Analysis of Phase 3 ....................................................................................... 77 

4.5 Phase 4 .................................................................................................................. 77 

4.5.1 Removing and Setting Messages via a Door Display .................................... 78 

4.5.2 Increasing System Dependability .................................................................. 80 

4.5.3 Encouraging Personalisation ......................................................................... 80 

4.5.4 A Tangible User Interface ............................................................................. 81 

4.5.5 Improving the Security of Door Displays ..................................................... 82 

4.5.6 Analysis of Phase 4 ....................................................................................... 82 

4.6 Phase 5 .................................................................................................................. 84 

4.6.1 MSN Messenger Integration ......................................................................... 84 

4.6.2 Persistent Storage of Owner Profiles ............................................................ 85 

4.6.3 Analysis of Phase 5 ....................................................................................... 87 

4.7 Phase 6 .................................................................................................................. 88 

4.7.1 Enabling óSecureô Temporary Messages ....................................................... 89 

4.7.2 Changing the Salience of a Textual Message ................................................ 90 

4.7.3 Adding a ótimestampô to Messages ............................................................... 92 

4.7.4 Removal of RMI Callbacks to the Client Agent ........................................... 92 

4.7.5 Overall Architecture ..................................................................................... 93 

4.7.6 Analysis of Phase 6 ....................................................................................... 93 

4.8 The Challenge of Managing Reliability................................................................. 94 

4.8.1 Technical Problems Encountered .................................................................. 94 

4.8.2 Supporting and Managing Hermes................................................................ 97 

4.9 The Management Agent ........................................................................................ 98 

4.9.1 Notification ................................................................................................... 98 



ix 

4.9.2 Management Agent Web Portal .................................................................... 99 

4.9.3 Analysis of the Management Agent ............................................................ 101 

4.9.4 Analysis: The Challenge of Providing Feedback ........................................ 102 

4.10 Fostering a User-Centred Design Approach ........................................................ 104 

4.10.1 Owner Questionnaire Results ..................................................................... 104 

4.10.2 Analysis of User-Centred Design Approach ............................................... 106 

4.11 Summary ............................................................................................................. 107 

Chapter 5............................................................................................................................. 108 

Quantitative Analysis of Use .............................................................................................. 108 

5.1 Introduction ......................................................................................................... 108 

5.2 Extraction of Data from Log Files ....................................................................... 108 

5.3 Requirements for a Logging System ................................................................... 110 

5.4 Quantitative Analysis of Failure .......................................................................... 111 

5.4.1 Quantifying Door Display Failure .............................................................. 113 

5.4.2 Summary .................................................................................................... 114 

5.5 Quantitative Analysis of Daily Use ..................................................................... 114 

5.5.1 Owner F ...................................................................................................... 116 

5.5.2 Owner J....................................................................................................... 116 

5.5.3 Owner K ..................................................................................................... 117 

5.5.4 Owner M ..................................................................................................... 118 

5.5.5 Summary .................................................................................................... 119 

5.6 Quantitative Analysis of Messages Types ........................................................... 119 

5.6.1 Owner E ...................................................................................................... 120 

5.6.2 Owner J....................................................................................................... 121 

5.6.3 Summary .................................................................................................... 122 

5.7 Quantitative Analysis of Context Sharing ........................................................... 122 

5.7.1 Analysis ...................................................................................................... 124 

5.8 Summary ............................................................................................................. 124 

Chapter 6............................................................................................................................. 125 

Qualitative Analysis of Use ................................................................................................ 125 

6.1 Introduction ......................................................................................................... 125 

6.2 The Hermes Door Display Owner Interview ....................................................... 125 

6.3 Analysis of Interview Transcription: Owner F .................................................... 126 

6.3.1 Role ............................................................................................................ 127 

6.3.2 Contactability/Availability .......................................................................... 127 

6.3.3 User Expertise............................................................................................. 128 



x 

6.3.4 Trust/ Dependability ................................................................................... 129 

6.3.5 Usability ..................................................................................................... 131 

6.3.6 Summary .................................................................................................... 131 

6.4 Analysis of Interview Transcription: Owner J ..................................................... 131 

6.4.1 Role ............................................................................................................ 131 

6.4.2 Contactability/Availability .......................................................................... 132 

6.4.3 User Expertise............................................................................................. 132 

6.4.4 Trust/ Dependability ................................................................................... 132 

6.4.5 Usability ..................................................................................................... 133 

6.4.6 Summary .................................................................................................... 133 

6.5 Analysis of Interview Transcription: Owner K .................................................... 134 

6.5.1 Role ............................................................................................................ 134 

6.5.2 Contactability/Availability .......................................................................... 134 

6.5.3 User Expertise............................................................................................. 135 

6.5.4 Trust/ Dependability ................................................................................... 135 

6.5.5 Usability ..................................................................................................... 136 

6.5.6 Summary .................................................................................................... 137 

6.6 Analysis of Interview Transcription: Owner M ................................................... 137 

6.6.1 Role ............................................................................................................ 137 

6.6.2 Contactability/Availability .......................................................................... 137 

6.6.3 User Expertise............................................................................................. 138 

6.6.4 Trust/Dependability .................................................................................... 138 

6.6.5 Usability ..................................................................................................... 138 

6.6.6 Summary .................................................................................................... 139 

6.7 Analysis  of Owner Interview Transcriptions ...................................................... 139 

6.8 Visitorôs Use of Hermes ...................................................................................... 140 

6.8.1 Door Display Visitor Questionnaire............................................................ 140 

6.8.2 Analysis ...................................................................................................... 142 

6.9 Issues ................................................................................................................... 142 

6.9.1 Adoption and Appropriation ....................................................................... 143 

6.9.2 Appropriate Methods of Interaction ............................................................ 145 

6.9.3 Reliability, Trust and Feedback .................................................................. 146 

6.9.4 Sharing of Personal Context ....................................................................... 148 

6.9.5 Temporal Granularity of Messages Set ....................................................... 150 

6.9.6 Point of Realisation/Opportunity ................................................................ 150 

6.9.7 Salience ...................................................................................................... 151 



xi 

6.9.8 Expressiveness ............................................................................................ 151 

6.9.9 Accuracy and Ambiguity ............................................................................ 152 

6.9.10 Control vs. Effort ........................................................................................ 152 

6.9.11 Access ......................................................................................................... 154 

6.10 Summary ............................................................................................................. 155 

Chapter 7............................................................................................................................. 156 

7.1 Summary of the Thesis ........................................................................................ 156 

7.2 The Challenges of Building a Ubicomp System .................................................. 157 

7.2.1 Communication Technology ....................................................................... 157 

7.2.2 Hardware .................................................................................................... 158 

7.2.3 Software...................................................................................................... 158 

7.2.4 Development Approach .............................................................................. 158 

7.2.5 Deployment Issues ...................................................................................... 158 

7.2.6 Human Factors Issues ................................................................................. 159 

7.3 Evaluation of Aims.............................................................................................. 159 

7.3.1 Aim 1 .......................................................................................................... 159 

7.3.2 Aim 2 .......................................................................................................... 160 

7.3.3 Aim 3 .......................................................................................................... 161 

7.3.4 Aim 4 .......................................................................................................... 162 

7.4 Major Contributions ............................................................................................ 162 

7.4.1 An Exploration of Longitudinal Deployment ............................................. 162 

7.4.2 An Understanding of Adoption and Appropriation ..................................... 163 

7.4.3 Supporting Awareness and Coordination .................................................... 164 

7.5 Minor Contributions ............................................................................................ 165 

7.5.1 Requirements .............................................................................................. 166 

7.5.2 Design, Development and Evaluation Approach ........................................ 168 

7.6 Future Work ........................................................................................................ 168 

7.7 Concluding Remarks ........................................................................................... 169 

References ........................................................................................................................... 171 

Appendix A ......................................................................................................................... 182 

A.1  Hermes Changes Log .......................................................................................... 182 

Appendix B ......................................................................................................................... 195 

B.1   Log Extract from Hermes Deployment .............................................................. 195 

Appendix C ......................................................................................................................... 196 

C.1   Hermes Questionnaire Results............................................................................ 196 



xii  

Appendix D ......................................................................................................................... 199 

D.1   Hermes Owner Interview Transcriptions ............................................................ 199 

D.1.1  Purpose Statement ...................................................................................... 199 

D.1.2  Owner M ..................................................................................................... 199 

D.1.3  Owner K ..................................................................................................... 220 

Appendix E ......................................................................................................................... 241 

E.1   Publications Arising From This Work ................................................................ 241 

Appendix F .......................................................................................................................... 244 

F.1   Terminology ....................................................................................................... 244 

Appendix G ......................................................................................................................... 246 

G.1   Visitor E-Mail Questionnaire ............................................................................. 246 

G.2   Response 1 ......................................................................................................... 246 

G.2   Response 2 ......................................................................................................... 247 

Appendix H ......................................................................................................................... 249 

H.1   Requirements...................................................................................................... 249 

H.1.1 Hardware .................................................................................................... 250 

H.1.2 Software...................................................................................................... 251 

H.1.3 Application Functionality ........................................................................... 253 

Appendix I ........................................................................................................................... 258 

I.1   Design Considerations ........................................................................................ 258 

Appendix J .......................................................................................................................... 260 

The Design of Hermes 2 ..................................................................................................... 260 

J.1 Introduction ......................................................................................................... 260 

J.2 Uncovering Requirements for Hermes 2 ............................................................. 260 

J.2.1  The óShowroomô Experiment..................................................................... 261 

J.2.2  Cultural Probe Based User Study ............................................................... 265 

J.2.3  Analysis ..................................................................................................... 266 

J.3 Initial Requirements for Hermes 2 ...................................................................... 266 

J.3.1  Hardware ................................................................................................... 266 

J.3.2  Software ..................................................................................................... 267 

J.3.3  Application Functionality .......................................................................... 267 

J.3.4  Design Considerations ............................................................................... 268 

J.3.5  Summary ................................................................................................... 268 

J.4  The Hermes 2 Deployment ................................................................................. 268 

J.4.1  Hermes 2 Door Display Hardware Configuration ...................................... 269 

J.4.2  Hermes 2 Door Display Housing ............................................................... 271 



xiii  

J.4.3  Analysis ..................................................................................................... 272 

J.5 Proposed Software Architecture for Hermes 2 .................................................... 272 

J.5.1  Analysis ..................................................................................................... 274 

J.6  Summary ............................................................................................................ 275 

 



xiv 

Figures 

Figure 1-1: A Classification Space for CSCW Systems. .......................................................... 5 

Figure 3-1: Examples of Message ówhirlersô and Post-it Notes. ............................................. 35 

Figure 3-2: The First Deployed Hermes Door Display. .......................................................... 41 

Figure 3-3: Door Display Main Screen (Phase 1). .................................................................. 46 

Figure 3-4: Door Display Authentication Screen (Phase 1). ................................................... 47 

Figure 3-5: Viewing Private Message on Door Display (Phase 1). ......................................... 47 

Figure 3-6: Web Portal Login Page (Phase 1). ....................................................................... 48 

Figure 3-7: Web Portal óLogged Inô Page (Phase 1). .............................................................. 48 

Figure 3-8: Uploading a Public Image Message (Phase 1). .................................................... 48 

Figure 3-9: A Public Image Message (Phase 1). ..................................................................... 48 

Figure 3-10: Example of a Public Message Sent via SMS (Phase 1). ..................................... 49 

Figure 3-11: Viewing Visitor Notes (Phase 1). ....................................................................... 50 

Figure 3-12: A Visitor Composing a Message at a Door Display (Phase 1). .......................... 51 

Figure 3-13: Overall System Architecture (Phase 1). ............................................................. 53 

Figure 3-14: Extract from a Hermes Log (Phase 1). ............................................................... 55 

Figure 3-15: Object Interaction Diagram Showing 4 Steps (Phase 1). .................................... 56 

Figure 3-16: Object Interaction Diagram Showing 2 Steps (Phase 1). .................................... 58 



xv 

Figure 3-17: Informing the User of a Delay (Phase 1). ........................................................... 60 

Figure 3-18: Informing the User of Failure (Phase 1). ............................................................ 62 

Figure 4-1: The Development Phases of Hermes.................................................................... 67 

Figure 4-2: Hermes Door Display Owners. ............................................................................ 67 

Figure 4-3: Deployment of Hermes Door Displays. ............................................................... 68 

Figure 4-4: Deployed Hermes Door Displays (Phase 2). ........................................................ 69 

Figure 4-5: Modified Case Top with iButton Reader (Phase 2). ............................................. 70 

Figure 4-6: Enabling the Hermes Owner to Compose a Freehand Message (Phase 2). .......... 71 

Figure 4-7: Viewing Messages Left by Visitors (Phase 2). ..................................................... 72 

Figure 4-8: The Problem of 'temporary' and 'default' Messages (Phase 2). ............................. 73 

Figure 4-9: The Modified Hermes Web Interface (Phase 3). .................................................. 75 

Figure 4-10: Receiving Hermes Messages via E-mail (Phase 3). ........................................... 76 

Figure 4-11: Temporary Messages Door Display Interface (Phase 4). ................................... 78 

Figure 4-12: Configuring a Predefined Temporary Message List (Phase 4). .......................... 79 

Figure 4-13: Encouraging Owners to Use Pictorial Default Messages (Phase 4).................... 81 

Figure 4-14: An óOwner Developedô Prototype Tangible Interface (Phase 4). ....................... 82 

Figure 4-15: Setting a Temporary Message via MSN Messenger (Phase 5). .......................... 85 

Figure 4-16: Communication mechanism for the web portal (Phase 5). ................................. 87 

Figure 4-17: Changes to the Web Portal (Phase 6). ................................................................ 90 



xvi 

Figure 4-18: Changes to the Door Display Interface (Phase 6). .............................................. 90 

Figure 4-19: Configuring the Formatting of Textual Messages (Phase 6). ............................. 91 

Figure 4-20: An Example of Formatting a Textual Message (Phase 6). ................................. 91 

Figure 4-21: The Overall System Architecture of Hermes (Phase 6). ..................................... 93 

Figure 4-22: Hermes Displays (red) and Wireless Access Points (green). .............................. 95 

Figure 4-23: Modified Compaq iPAQ with Wired Ethernet. .................................................. 96 

Figure 4-24: Management Web Portal Main Screen. ............................................................ 100 

Figure 4-25: Viewing the Message on a Door Display. ........................................................ 100 

Figure 5-1: Door Displays Functioning Per Day. ................................................................. 112 

Figure 5-2: Average Number of Messages set per Day. ....................................................... 115 

Figure 5-3: Daily Use - Owner F. ......................................................................................... 116 

Figure 5-4: Daily Use - Owner J. .......................................................................................... 117 

Figure 5-5: Daily Use - Owner K. ........................................................................................ 118 

Figure 5-6: Daily Use - Owner M. ........................................................................................ 119 

Figure 5-7: Breakdown of Total Types of Messages Set. ..................................................... 120 

Figure 5-8: Breakdown of Messages Set: Owner E. ............................................................. 121 

Figure 5-9: Breakdown of Messages Set: Owner J. .............................................................. 121 

Figure 5-10: Breakdown of Messages by Sharing Context (%). ........................................... 123 

Figure 5-11: Part of the Message Log including Context Tags. ............................................ 123 



xvii  

Figure J-1: Different 'Show Office' Configurations. ............................................................. 262 

Figure J-2: A Hermes 2 Probe Pack. ..................................................................................... 265 

Figure J-3: One Potential Small Form-Factor PC-Based Solution. ....................................... 269 

Figure J-4: Power Over Ethernet Test Configuration. .......................................................... 270 

Figure J-5: A Medium-Fidelity Hermes Display Housing Prototype. ................................... 271 

Figure J-6: An Early Door Display Housing óSampleô. ........................................................ 272 

Figure J-7: Display Manager Proposed Architecture ............................................................ 274 

 



xviii  

Tables 

Table 2-1: Summary of Affordance Types from [Hartson '03] ............................................... 10 

Table 2-1: Summary of Related Work. ................................................................................... 28 

Table 3-1: Affordances Enabled by a Digital Approach ......................................................... 43 

Table 3-2: Gibsonian Affordances Provided by a Post-it Note ............................................... 43 

Table 3-3: Information Stored in an Owner Profile (Phase 1). ............................................... 54 

Table 4-1: Information Stored in an Owner Profile (Phase 5). ............................................... 86 

Table 5-1: Hermes System óUptimeô. ................................................................................... 112 

Table 6-1: Results of Owners Estimated Use of the Different Interaction Methods. ............ 146 
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Introduction  

1.1 Overview 
We encounter situated

2
 information in almost every aspect of our lives, from notice 

boards covered in messages and posters to digital displays that tell us if our flight has been 

delayed. While today the majority of this information is presented on either static signage or 

transient paper media, improvements in technology mean that there are increasing numbers of 

interactive situated digital displays providing us with information. Examples include displays 

allowing travellers to buy tickets in train stations, interactive exhibits found in most modern 

museums and even television sets in the home providing interactive services. Additionally, 

new types of situated digital display are emerging enabled by improvements in technology 

such as large displays deployed at public events which allow simple interaction via SMS 

messages [Virgin Mobile Telecoms '04]. This particular use of SMS messaging represents a 

new messaging paradigm enabled by situated digital displays, that of person-to-place
3
 

messaging rather than the traditional person-to-person.  

While situated digital displays in our environment are becoming more prevalent and 

the technology to support them is improving and becoming cheaper, many issues surrounding 

the application and adoption of such systems remain under explored. The emergence of 

situated digital displays as a research area is receiving growing interest (for example [Brignull 

'06]) the importance of which is highlighted in [O'Hara '04]: 

 ñIn recent years, more and more information is being presented on dedicated digital 

displays situated at particular locations within our environment. At their most basic, digital 

display technologies allow information to be more easily updated dynamically and remotely. 

However, these new kinds of interaction technologies also allow people to use these situated 

displays in novel ways both as for the individualôs purposes and in the support of group 

work.ò 

                                                     

2
 The first use of each of the terms discussed in section 1.5 is highlighted in bold. 

3
 A term was first used by The Appliance Studio in a óTxtBoardô press release [Appliance Studio '02]. 
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As mentioned in the quote from [O'Hara '04], interactive situated displays can be used 

in the support of group work (the areas of Computer Supported Cooperative Work (CSCW) 

and groupware are discussed later in this chapter). One important aspect of CSCW required 

to support coordination in group activity is awareness [Dourish '92a]. An interesting research 

question is how situated digital displays can be used to support awareness, this is 

demonstrated by the large number of display-based system supporting awareness discussed in 

section 2.2.  

The properties of digital displays can provide many interesting affordances  

compared to traditional paper-based media used to support coordination and awareness. For 

example, a digital equivalent of a paper note used to display the message ñBack in 5 minutesò 

could automatically countdown as time passes. For a visitor who notices the time in the 

message counting down every second, one perceived affordance
4
 might be that of accuracy: 

that the constantly updating digital equivalent is more accurate that its unchanging paper 

counterpart. The properties of a digital system (compared to paper-based media) afford the 

design of functionality  such as the dynamically changing message (described previously) and 

remote interaction: a digital system could remind the author when five minutes had passed 

with an SMS message sent to his or her mobile phone. 

This thesis describes the requirements for, design, implementation, deployment, 

management, evolution, use and evaluation of a prototypical system of interactive displays 

situated next to office doors, referred to as the Hermes
5
 system. Hermes was designed to 

support asynchronous messaging and has been used to investigate how such a system, 

allowing explicit sharing of information, could be used to help support awareness and 

coordination between staff, and between staff and students in the Computing Department at 

Lancaster. Hermes has also been used to explore the affordances of this digital approach over 

traditional paper-based messaging mechanisms used on office doors. An office door is an 

interesting place to study interactions which typically fulfils many functions: 

ñOffice doors are more than entrances to rooms, they are entrances to a person's time 

and attention. People can mediate access to themselves by choosing whether to leave their 

                                                     

4
 A discussion of different meaning of the term affordance is provided in section 1.5. 

5
 The initial Hermes system is referred to as óHermesô, while its successor described in Appendix J is 

referred to as óHermes 2ô.   
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door open or closed when they are in their office. Doors also serve as a medium for 

communication, where people can broadcast individual messages to passersby, or accept 

messages from others who stopped by when the door was closed.ò [Jeffrey '02] 

An office door can be categorized as a ósemi-privateô place, containing both private 

elements (as it óbelongsô to the occupant of the office) and public elements (as it is part of the 

corridor and visible to all passers-by). This particular place has some interesting impacts on 

the sharing of awareness information by office occupants. For example, while an office 

occupant may find it necessary to display a message addressed to a specific person or group 

on his or her door, the author is unlikely to include personal or sensitive information (as any 

passer-by can read the message). 

In order to explore this domain a technology driven approach has been combined with 

a user-centred design
6
 approach. In order to help support adoption, door display owners (the 

main group of users considered in this work) were involved in the design process to lower 

their barriers to use. This was done by, for example, investigating ownerôs existing routines 

and adding or modifying functionality to fit in with these. One example of this was the 

addition of e-mail integration in order to support adoption from a door display owner whoôs 

existing routine involved notifying others via e-mail if she was away from her office for 

extended periods (enabling her to adopt Hermes at very little additional cost). The term 

óadoptionô is used to imply use of technology in ways intended by its designers and the term 

óappropriationô implies ñunexpected or unanticipated uses of technologyò [Dourish '99]. 

The Hermes door displays provided a groupware application enabling office 

occupants to display information using short textual messages and image files. The 

application also enabled a visitor to an office to leave messages for the occupant, authored in a 

manner similar to traditional paper Post-it notes. One aim of the Hermes system was to 

produce a prototype performing a small number of tasks well in order to provide an 

information appliance. The following scenario, used in the  design of the Hermes system, 

was specifically motivated by the anxiety felt by one lecturer (and developer) of being delayed 

during his daily commute to work and missing appointments with students: 

A lecturer travelling to work by car is unexpectedly delayed by road works and will 

be late for a meeting intended to be held at his office. Realising this, he uses his  mobile phone 

                                                     

6
 The meaning of this term is discussed in detail in section 2.3.1 
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to send an SMS message to his office door display to inform visitors to his office that he will 

be thirty minutes late. When students arrive at his office for the meeting they read his message 

and, after discussion, decide the meeting would be best rescheduled for the following day. A 

member of the group uses the door display to leave a message to this effect.   

In order to analyse adoption issues, the Hermes system was deployed for óreal worldô 

use. This also allowed it to be used to explore a number of pertinent ubiquitous computing 

(ubicomp) issues, in the context of a situated display system, from hardware to human factors 

(the issues raised on each of these levels is discussed in detail in section 7.2).  

The remainder of this chapter firstly discusses the place of situated display-based 

systems in the areas of CSCW and groupware (section 1.2) and ubiquitous computing (section 

1.3) research. Following this, a brief summary of current trends in display technologies is 

presented (section 1.4). Next the definition of key terms used in this thesis are discussed. This 

chapter concludes by defining the aims (section 1.5) of the research and summarising the 

contributions of this thesis (section 1.7).  

1.2 CSCW and Groupware 
CSCW is a well-established field which began formally many years ago, it is defined 

in [Rodden '91] as: 

ñ a generic term which combines group working with the enabling systems support 

and applications.ò 

Groupware is part of the broader field of CSCW and is defined by Ellis et al [Ellis 

'91] as: 

ñthe class of applications, for small groups and for organisations, arising from the 

merging of computers and large information bases and communications technology. These 

applications may or may not specifically support cooperation.ò 

An additional dimension to CSCW and groupware systems, required to help support 

coordination, is the sharing of awareness information between members of a group [Dourish 

'92a] [Gutwin '95]. Systems supporting awareness may require information to be explicitly 

shared by a member of a group (as is the case with the Hermes system) or passively collect 

and distributed information (as is the case with systems such as Portholes [Dourish '92b]).  
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Figure 1-1: A Classification Space for CSCW Systems.  

CSCW systems are commonly classified using the dimensions of interaction and 

location as shown in Figure 1-1 [Rodden '91]. When considering the Hermes groupware 

application (providing asynchronous messaging facilities to help support explicit sharing of 

awareness), such a system could potentially provide interaction methods which occupy all 

areas of the classification space shown in Figure 1-1: 

Asynchronous, Co-Located ï a visitor co-located  with a door display uses it to author 

a message for the office occupant, the message is then delivered to the occupant via e-mail. 

Asynchronous, Remote ï a door display owner sends a publicly viewable message to 

his or her door display via SMS. 

Synchronous, Co-Located ï if a message left by a visitor at a door display (while the 

office occupant is, for example, busy on the phone inside his or her office) is received by 

office the occupant immediately (e.g. by the message appearing on his or her e-mail window), 

then he or she might rush to finish the phone conversation and go to greet the visitor.   

Synchronous, Remote ï if a door display was equipped with a microphone and 

speaker a visitor could potentially communicate with a (remote) office occupant via his or her 

mobile phone
7
.  

                                                     

7
 It should be noted that this is an area of the design space which was not supported by Hermes but 

could potentially be supported by Hermes 2 (see Appendix J). 
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1.3 Ubiquitous Computing 
Over the last 50 years the relationship between computers and users has gone through 

three major changes [Weiser '91]. From around 1940 many users shared a single (mainframe) 

computer, from around 1980 every user had his or her own (personal) computer. Mark Weiser 

[Weiser '91] saw a third ówaveô of computing where many computers hidden in the 

environment would help us achieve tasks seamlessly. When Weiser first presented his vision 

of ubiquitous computing (ubicomp) in the early 1990ôs he outlined how this new computing 

paradigm raised new challenges for human computer interaction, as computers would now be 

ñinterwoven in to the fabric of everyday lifeò. 

Weiserôs vision included seamless integration of computing technology into an 

environment and more natural interactions with technology. One method to achieve such 

integration is the use of situated displays to allow presentation of information and interaction 

in an ambient manner. In [Weiser '91]  three sizes of display are discussed (inch, foot and yard 

scale) the largest (yard) scale displays are intended to be situated in a single location and 

function like a blackboard. The smaller foot and inch scale displays are intended to replace the 

sheets of paper and Post-it notes (respectively) that proliferate office environments.  

A major challenge in the development of ubicomp systems is the integration of (often 

novel) prototypical computing technology into an environment, artefacts, clothing etc. 

[Schmidt '02]. This inherently raises challenges on a range of levels spanning low level 

hardware issues, such as reliability , to higher level human factors issues, such as trust . The 

Hermes system, presented in this thesis, acted as a vehicle to identify and explore challenges 

at these various levels. It is important to note that failure at any of these levels was likely to 

adversely affect end-user experience and reduce the effectiveness of the Hermes system to 

investigate its aims (these aims are discussed later in section 1.5 of this chapter).  

1.4 Relevant Digital Display Technologies 
Of particular relevance to the work presented in this thesis is the area of digital 

display technology. Advances in this area have enabled and assisted the development and 

deployment of interactive display-based systems.  

Flat-panel TFT (Thin-Film Transistor) LCD (Liquid Crystal Display) displays have 

replaced CRT technology in many applications and are almost exclusively used for mobile 

phone, digital camera, PDA and laptop screens. This is largely due to their slim profile, 

completely flat screens, lower power consumption and, recently, falling cost. Plasma Display 

Panels (PDPs) are a similar technology, but provide larger sized screens with higher contrast 

ratios and wider viewing angles. For extremely large video displays, for example the twenty-
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five meter square BBC Big Screens [Philips '05], LED (Light Emitting Diode) screens are 

used where each pixel is made up of a group of coloured LEDs. TFT and Plasma displays can 

easily be equipped with technology to support user interaction via the surface of the screen. 

Some examples of this technology require a special ópenô device to be used (such as the 

screens found on many Microsoft Tablet PC devices [Microsoft '05b]) while other 

technologies allow the user to interact by touching the screen directly, often by equipping the 

screen with a transparent resistive membrane.  

One promising new technology is that of Organic LEDs (OLEDs) [Ortiz '03] which 

offer brighter and sharper images than conventional LCD technology, while consuming less 

power and providing a thinner form-factor (due to the lack of a backlight). Another relatively 

new display technology that fits well with the paradigm of ubiquitous computing is that of e-

paper ([E Ink Corporation '05], [Xerox '05]): a flexible material that appears very similar to a 

traditional piece of paper but can display computer generated images and text. Current 

prototypes provide a high contrast, wide viewing angle, lightweight, low power (no power is 

required to maintain an image on e-paper, just to change what is displayed) versatile display 

medium.  

1.5 Definition of Terms 
Several key high level terms are used throughout this thesis and this section provides 

clarification on the definitions intended.  

Situated 

While the term situated implies a specific physical place, it is not just the physical 

place which must be considered. The situated nature of information such as text is highlighted 

by the following extract from [Mitchell '05]: 

ñLiterary theorists sometimes speak of text as if it were disembodied, but of course it 

isnôt; it always shows up attached to particular physical objects, in particular spatial 

contexts, and those contexts-like the contexts of speech-furnish essential components of the 

meaning.ò 

An important aspect of something that is situated (situated information and situated 

digital displays are of most relevance to this thesis) is that because it appears within a specific 

context this raises a host of additional issues. When discussing the design of CSCW systems 

supporting collaboration, Harrison and Dourish summarise: 

ñéa place is a space which is invested with understandings of behavioural 

appropriateness, cultural expectations, and so forth.ò[Harrison '96] 
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OôHara et al discuss the situated nature of displays in the introduction to [O'Hara '04] 

and the issues they raise include privacy, ownership, identity, control, relevance, assumed 

audience, interpretation of information, behavioural aspects and spatial positioning.  

One example of the impact of a behavioural issue, in the context of situated digital 

displays, is that interacting with technology in a public place is highly visible to others and 

raises a host of potentially discouraging social issues. These issues are highlighted in 

[Brignull '03] when discussing the results of a user trial of the Opinionizer system 

(Opinionizer is discussed further in section 2.2.5): 

ñéover half of the users interviewed reported that they experienced embarrassment 

and did not feel relaxed. Some commented that they felt under pressure not to make typing 

mistakes, not to be hesitant while interacting, since they knew they had an audience of 

onlookers. Some of the participants also experienced pressure to provide a comment that was 

socially accepted as humorous and clever by their peers.ò 

An example of a cultural expectation, impacting the interpretation of information, 

would be the assumption that a message placed on an office door has been authored by the 

occupant of that office. Another example might be that if a publicly visible message on an 

office door is not specifically addressed it is intended for any visitor to that office 

Digital Display 

The term digital display is used to refer to an electronic medium for presenting 

information controlled by a computer.   

Property 

A property is a basic attribute of an object. For example, properties of Post-it notes 

are that they are made of paper and can be temporarily fixed to a range of surfaces. Properties 

of a digital display are likely to include the ability to manipulate individual pixels to display 

information and might include input via a touch sensitive screen.    

Functionality  

Functionality is the capacity of an object to perform a specified action. For example, 

one piece of functionality provided by a modern mobile phone is the ability to send a SMS 

message. 

Affordance 

This term has several key meanings and requires careful clarification. The term 

affordance originates from Gibson [Gibson '77] [Gibson '86] where an affordance is the 

actionable properties between the world and an actor (a person or animal). The definition is 
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set in an ecological context, for example ñA path affords pedestrian locomotion from one 

place to anotheréò.  The affordance is a relationship between the actor and environment 

enabled by the properties of each. For example, the properties of a pedestrian are that it is 

bipedal and has limited climbing abilities and the properties of a path are that is has a level 

rigid surface: therefore the path affords pedestrian locomotion. For affordances in this context 

only existence is important, it is immaterial whether an actor perceives that a path affords 

locomotion or not.  

The term affordance is discussed in a design context by Norman in Design of 

Everyday Things [Norman '02] (formerly published as Psychology of Everyday Things in 

1988) as a means to use visual clues to convey how a device is operated. For example, door 

handles are part of our everyday lives and we understand what they are for and how to use 

them, attaching one to a door gives a very strong indication as to how a door is opened: 

helping the user to perceive that the door affords opening by operating the handle. An 

affordance in this context does not necessarily have to exist (consider a locked door) and is 

also dependent on the experience of the user (consider a user who has never seen or operated a 

door handle before). After publishing Psychology of Everyday Things in 1988, in response to 

misuse of the term affordance, Norman published [Norman '99] where he stated that he had 

previously been discussing perceived affordances and he termed affordances as described by 

Gibson as real affordances.  

Affordances in the context of software design are also discussed by McGrenere and 

Ho [McGrenere '00] which they define as: 

ñThe functions that are invokable by the user are the affordances in software.ò 

This broad definition includes almost every piece of functionality that is part of a 

software application on high and low levels: from, for example, a word processor providing 

the affordance of authoring a document to a command typed into a console providing the 

affordance of listing files in a directory.  

In [Hartson '03] Hartson discusses the origins and use of the term affordance in HCI 

and expands on existing work to describe four different types of affordance (see Table 2-1). 

Affordances as described by Gibson become physical affordances and perceived affordances 

(as described by Norman) essentially become cognitive affordances. Functional affordances 

are at a higher level than physical affordances and specify functionality of which a device is 

capable.  
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Affordance type Description Example 

 

Cognitive affordance Design feature that helps users in 

knowing something 

A button label that helps 

users know what will happen 

if they click on it 

Physical affordance Design feature that helps users in 

doing a physical action in the 

interface 

A button that is large enough 

so that users can click on it 

accurately 

 

Sensory affordance Design feature that helps users sense 

something (especially cognitive 

affordances and physical 

affordances) 

A label font size large 

enough to read easily 

 

Functional affordance Design feature that helps users 

accomplish work (i.e., the 

usefulness of a system function) 

 

The internal system ability to 

sort a series of numbers 

(invoked by users clicking on 

the Sort button) 

Table 2-1: Summary of Affordance Types from [Hartson '03] 

The use of the term affordance in this thesis stems from the need to explore 

functionality enabled by the digital approach used in Hermes with paper-based messaging 

mediums which it was intended to augment. For example, consider a small digital interactive 

display designed to emulate a Post-it note. It is very likely the message on the digital 

equivalent could be manipulated remotely via a range of interaction methods: therefore the 

digital equivalent affords remote interaction (compared to a paper Post-it note). This use of 

the term is similar to Hartsonôs functional affordance and McGrenere and Hoôs software 

affordance. This use is also similar to Gibsonôs original definition, the possibilities for action 

enabled by the properties of an object, in that the additional properties of a digital system 

enable additional functionality. Affordances were used in this work to help motivate and 

design functionality to be added to the Hermes system. Where use of the term differs from this 

meaning it is qualified as appropriate.   

Awareness  

In the context of supporting collaboration through awareness in the design of CSCW 

systems, awareness is defined by Dourish as: 

ñAwareness is an understanding of the activities of others, which provides a context 

for your own activityò [Dourish '92a] 

In [Dix '97a] three kinds of awareness are described within the context of a CSCW 

awareness framework, these are: 

¶ who is there ï Awareness of who is around and their availability for cooperative 

activity. 
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¶ what has happened ï Awareness of what has changed in a shared environment. 

¶ how did it happen ï Awareness of the occurrence of actions in time that affected a 

change in a shared environment. 

The primary kind of awareness the Hermes system supported was the type ówho is 

thereô shared by door display owners when leaving their offices .   

Reliability  

In Sommerville [Sommerville '01] software reliability is defined as ñé a function of 

the number of failures experienced by a particular useréò, Sommerville goes on to define a 

failure as ñ.. a situation in which the software does not deliver the services expected by the 

user.ò. The term reliability is used in this sense throughout this thesis, however the term is 

applied to systems involving both hardware and software.  

Trust /Dependability 

Trust is defined in the Oxford English Dictionary as ñconfidence in or reliance on 

some quality or attribute of a person or thing, or the truth of a statementò. In the context of 

this thesis, the term trust is used to describe a userôs confidence in the ability of the services 

provided by a system to function correctly.  For example, a door display owner may or may 

not trust that if they send a message to the Hermes system via SMS it will appear on his or her 

door display. Trust in this sense is directly linked to users experiences of factors such as 

reliability,  and is therefore closely related to the notion of dependability.    

Dependability is a term encompassing many individual characteristics of a system 

used to refer to whether the services provided by that system can be trusted to function 

correctly, defined by Laprie as: 

ñComputer system dependability is the quality of the delivered service such that 

reliance can justifiably be placed on this service.ò [Laprie '85] 

Laprie also defined two main measures of dependability as reliability and availability 

(continuity of correct service). 

Information Appliance  

The notion of an information appliance is discussed in detail in [Norman '98] and 

defined as: 

ñAn appliance designed to perform a specific activityéò [Norman '98] 

As an information appliance only performs a single activity (or task) its design can 

suit this activity and its users very well (as the design is not compromised or overcomplicated 
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by attempting to support other activities). For example, the average personal computer is 

designed to support a wide variety of different activities and therefore its design must be a 

compromise to accommodate each activity to a small extent (resulting in complexity for the 

user). Conversely, a digital camera typically only supports a single or small number of related 

tasks (take a picture, view pictures that have been taken) and therefore the design can focus on 

making these tasks simple for a user to perform. 

1.6 Aims of Research  
The work presented in this thesis explores the development of a prototypical situated 

interactive display system to act as a vehicle for exploring issues pertinent to ubicomp 

research. More specifically, it explores issues associated with the use of a groupware system 

in the form of a collection of digital office door displays designed to support cooperation and 

coordination between members of the Computing Department at Lancaster University. This 

overall goal is broken down into four interrelated aims:  

1. To explore the design, development and deployment of a prototype interactive 

digital office door display system to support asynchronous messaging. To do this 

using a development approach which involves technology driven and user-centred 

design, including both qualitative and quantitative investigation of use in order to 

refine the system and observe emerging requirements. 

2. To use the prototype office door display system to investigate the different 

affordances enabled by a digital approach to supporting situated messaging in a 

university department, compared to traditional approaches such as paper notes 

and  message ówhirlersô.  

3. To design a prototype digital interactive office door display information appliance 

(and produce an associated set of requirements) that is intuitive to walk up and 

use without prior training. 

4. To utilise the prototype digital office door display system to investigate issues of 

initial adoption and continued use through the long-term deployment, evolution 

and evaluation of prototypes óin situô.  

1.7 Thesis Plan 
The thesis develops in the following way. Chapter 2 (Related Work) surveys existing 

interactive digital display-based systems and discusses how these compare with the intended 

aims of this work (as presented in section 1.5). Chapter 3 (Design, Development and 
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Deployment of the Initial Hermes Prototype) recounts the design and development of the 

initial (Phase 1) Hermes prototype system by describing the deployment of two door displays 

and analysis of initial results. The evolution of the Hermes prototype is described in chapter 4 

(Evolution of the Hermes Prototype). In Chapter 5 (Quantitative Analysis of Use) log files 

collected during the deployment are used to provide quantitative analysis of use, such as usage 

patterns and context sharing. Chapter 6 (Qualitative Analysis of Use) uses feedback from a 

door display owner questionnaire and interview in order to investigate qualitative aspects of 

use and present emerging issues. Chapter 7 (Conclusion) presents the conclusions of this 

thesis and identifies key areas for future work. 
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Chapter 2  

Related Work 

2.1 Introduction  
This chapter presents a survey of existing display-based ubicomp and CSCW systems 

relevant to the work presented in this thesis. 

2.2 A Survey of Existing Display-based Systems   
In order to present and discuss the large number of relevant related systems three 

categories are used according of the size of the display(s) the systems use. These are based on 

the tab, pad and board categories of ubicomp devices developed by Mark Weiser and his 

colleagues [Weiser '91]. Systems in each of the three categories are discussed followed by a 

summary.  

2.2.1 Tab-Sized Displays 

Tabs are described as ñinch-scale machines that approximate active Post-It notesò  

[Weiser '91] and used here to categorise devices with screens of similar size to those used in 

PDA (Personal Digital Assistant) devices. 

Dynamic Door Displays  

Research on the development of ódynamicô door displays has been conducted at 

Georgia Tech [Nguyen '00] in order to investigate: 

ñéthe function of information that is tied to the context of a specific locationò 

 Nguyen et al developed a self-contained prototype based around a small PDA device 

with a wireless LAN card and iButton reader. The display was automatically updated to 

reflect the ownerôs current location and calendar information using the Context Toolkit [Dey 

ó99]. Visitors to a dynamic door display could also leave voice messages for the owner or 

choose from a predefined list of short text messages. The dynamic door displays also enabled 

owners to share private information, using iButtons for authentication.   
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There appears to be no further published progress on this system at the time of 

writing. From [Nguyen '00] it appears that at least one prototype was deployed for use by 

occupants and visitors in a laboratory.  

Smart Doorplates  

In [Trumler '03a] Trumler et al identify four potential scenarios to demonstrate the 

application of óSmart Doorplatesô utilising location tracking and other context aware 

technologies, which primarily involve visitors attempting to locate office occupants. One of 

these scenarios is then selected for implementation, in which: 

ñdoorplates act as signposts within the office building to direct visitors to the sought 

employeeò 

Trumler et al have built a prototype system using a Compaq iPAQ as a self-contained 

Doorplate device. The prototype uses RFID tag technology for ópersonô tracking and 

additional sensors are used to detect if a Doorplate ownerôs door is open. System 

communication is based on the JXTA peer-to-peer platform in order to avoid central storage, 

and the work is described as an example of an autonomic computing system in [Trumler '03b].  

The primary service provided by the Smart Doorplates is that of directing visitors to a 

desired personôs office (equipped with a doorplate). If this person is not in his or her office, 

the doorplate can display his or her current location and direct the visitor as appropriate, a 

service is also provided to predict a personôs next location. While it is clear that one or more 

prototypes have been developed, it is unclear whether these have been deployed outside of a 

ólabô scenario. Further papers discussing this system (for example [Trumler '03b]) focus on 

the supporting infrastructure. 

Roomwizard 

RoomWizard [O'Hara '03]  is a display appliance with a screen 6.4 inches in size  

situated  outside meeting  rooms, which provides functionality  to  book  a  meeting  room  

(locally  and  via  the  web)  and  check  if a  meeting  room  is  available. In order to conduct 

a field study the system has been deployed in a large organisation for use by two groups of 

employees [O'Hara '03], two buildings were equipped with five devices each. 

Ethnographical techniques were used to investigate ómeeting practisesô before the 

installation of RoomWizard, and again during the deployment and use of the system. This 

enabled the identification and investigation of a set of issues arising from the use of 

RoomWizard, primarily showing that the system had significantly improved on the previous 

practices and provided unexpected functions such as enabling peripheral awareness and 
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navigation. OôHara et al also make an interesting point that complex usage patterns built up 

around what was effectively a very simple appliance: 

ñWhilst the RoomWizard at first appears to be a simple electronic duplicate of a 

room reservation system, it is far more complex than this in use.ò 

This observation reflects a key aim of this thesis (aim 3 in section 1.5), that of 

providing a simple information appliance ñsingle in function, open in useò [Norman '98]. 

TxtBoard 

A TxtBoard [O'Hara '05] is an eight inch display designed to be mounted on a wall in 

a home environment, incorporating a mobile phone to allow the reception of SMS messages. 

SMS messages received are shown using all available screen area, with a database to map 

senders to names and pictures, the frame is used to provide ambient notification of a new 

message. In common with Hermes, the system is designed in order to explore óperson-to-

placeô messaging. 

The study of the use of TxtBoard over a two month period by a family is described in 

[O'Hara '05] where usage logs were analysed and users interviewed. This analysis identified 

several aspects of use, such as the importance of the location of the displays. OôHara et al 

concluded that part of the success of TxtBoard was its simplicity: 

ñNevertheless, TxtBoard succeeded in large part because it offered a minimal 

addition to the home: that is to say, that in offering so little, it made a difference that was 

worthwhile. In sum, this study of TxtBoard shows that less can be more.ò 

The TxtBoard project has been extended through the HomeNote [Microsoft '06] 

prototype. HomeNote utilises a Tablet PC with a slightly larger screen area than TxtBoard, 

incorporates SMS interaction, and includes functionality allowing hand drawn messages to be 

shared via the touch sensitive screen. At the time of writing they intend to deploy prototypes 

in local households to further explore the idea [Microsoft '06]. 

2.2.2 Analysis of Tab-Sized Displays  

The ódynamicô door display project at Georgia Tech appears similar to the Hermes 

system in terms of enabling awareness and providing messaging functions, additionally the 

hardware used and functionality provided is also similar to that used in Hermes. 

Unfortunately, it appears that work in this project ended before any significant deployment or 

reasonable evaluation of the system took place.  

The work on óSmart Doorplatesô also appears similar to the Hermes system and 

utilising a similar door display hardware configuration. However, the main aims of the work 
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on Smart Doorplates appear to be investigation of navigation and location awareness 

applications. This work seems to use a primarily technology driven development approach, 

focussing on óproof of conceptô demonstrators of the underlying architecture.  

The RoomWizard system has been developed with a user-centred design approach, 

similar to the work presented in this thesis (see aim 1 in section 1.5). It appears that use was 

effectively mandated and the system became part of  the daily  routine  of  its  users (evident  

from  user interviews).  The functionality of the RoomWizard system is simple, in common 

with the aims of the work presented in this thesis (see aim 3 in section 1.5), and interestingly, 

OôHara et al found that complex usage patterns built up around it.  

The TxtBoard system was deployed for use outside of the lab for a relatively long 

period of time similar to the aim of the work presented in this thesis (see aim 4 in section 1.5). 

In order to analyse use, system logs and user feedback were used, this qualitative and 

quantitative investigation is also similar to aims of the work presented in this thesis. 

Additionally, OôHara et al identify that simplicity was one of the keys to the systemôs success 

which is similar to the aim of providing an information appliance described in section 1.5 

(aim 3).  

2.2.3 Pad-Sized Displays 

Pads are described as ñfoot-scale ones that behave something like a sheet of paper (or 

a book or a magazine)ò [Weiser '91] and used here to categorise devices with screens of 

similar size to usual desktop monitors. 

OutCast 

In [McCarthy '01b] McCarthy et al describes three situated display applications to 

explore the idea of sharing information: UniCast, OutCast and GroupCast. The OutCast 

displays are most relevant to the work presented in this thesis, located outside office doors and 

intended to provide: 

ñéa personal yet shared display on the outside of an individualôs office.ò  

Content on OutCast displays is intended for nearby co-workers, including information 

about the owner intended for others to view (emulating the practise of putting photos etc. on 

office doors) and can include information from the display ownerôs calendar entries, web 

pages and location. The OutCast system utilises a twenty inch flat-panel touch sensitive 

monitor embedded in a cubicle (office) wall and connected to a PC situated inside the ownerôs 

office. All three systems use infrared badges for location detection.  
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Deployment of this system has included over fifteen UniCast displays and one each of 

the GroupCast and OutCast displays (at the time of writing) [McCarthy '01a]. Analysis of use 

of UniCast displays over several months has reported that the most used applications were the 

ability to view local web cams and retrieve the location of others. Informal feedback from 

users of the OutCast system revealed that they were typically used by visitors when the owner 

was away from his or her office, with the most popular features being access to location and 

calendar information. Additionally, due to uncertainty over trust, the óText Messageô function 

(used to leave a textual message of the óownerô of a display) was used the least with users 

preferring to use paper Post-it notes. 

Uni Board 

A WWW message board for on-door communication [Segawa '99] has been 

developed at the Iwate Prefectual University, Japan. The design was motivated by a message 

board on a door in a graduate hall of residence (which they state was used extensively) and 

provided a simple white-board application intended to be attached to a door, with additional 

web clients.  The system, named óUni Boardô, allowed local or remote users to draw on a 

shared space (only the owner of the message board could erase messages) which was publicly 

visible both in person and via the web. 

It appears that a single Uni Board was deployed [Segawa '99] and has received use for 

óseveral monthsô, it also appears use of the system has been logged in order to analyse use, 

although no reports describing this use are currently available.  

Door Awareness System/LabraDoor  

In [Jeffrey '02] Jeffery et al carried out observational study of the use of office doors 

at Carnegie Mellon University and make some very relevant and interesting remarks about the 

nature of office doors and how they are used (an extract highlighting this is included in 

section 1.1). These observations were then analysed and used during a brainstorming session 

in order to construct and explore design ideas is primarily concerned with augmenting the 

exiting use of doors.    

It appears two prototypes were constructed that explored the use of office doors as 

ñmediators of interruptionsò and ña medium for aesthetic and informational personalizationò 

respectively. The first, a óDoor Awareness Systemô, exploited the fact that some office owners 

use the office doors to mediate access to themselves by altering how much the door was open: 

this context was sensed and made available via a web site. The second, óLabraDoorô, used a 

projector located inside an office to project onto the rear of a window in an office door 

(covered with a translucent material). This produces a large display area viewable from the 
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outside of the office, information projected onto the office door is of three main types: virtual 

notes, digital art (such as web pages, personalized graphics, etc.) and awareness information. 

The presentation of awareness information utilises a system called óStatusLightô which 

utilised a simple traffic-light metaphor in order to enable users located in the office to 

stipulate interuptability. 

At the time of writing, the óDoor Awareness Systemô has been deployed at three 

offices, while the óLabraDoorô system has only been deployed on a single office door (the 

office of a group of PhD students, including some of the researchers working on the system). 

No reports describing usage are currently available. 

Interactive Family Message Board 

The Family Message Board [Browne '01] is a situated display appliance providing 

both asynchronous and synchronous communication between geographically separated 

households within a family. Communication is achieved via hand written notes (input using a 

touch sensitive screen) arranged on the óMessage Boardô, the spatial arrangement of these 

notes is consistent between remote óMessage Boardô displays.  

The system is intended to act as a technology probe [Hutchinson '03] to aid 

understanding of the communication needs of geographically distributed families, in order to 

design systems to help fulfil these needs. This is intended be done through logging of use, and 

various other methods to elicit user feedback, such as interviews, comments, suggestions and 

other written feedback. The initial functionality provided was intentionally simple: 

ñAs a Technology Probe, the design needed to allow families to find innovative and 

unexpected uses for it without being encumbered by restrictive functionality. ñ 

Their intention was that the design would evolve as usage patterns emerged. Both of 

these approaches (simple initial functionality and user-centred evolution of the design) were 

used in Hermes.  

SPAM  

The SPAM (SMS Public Messenger Service) system [Cheverst '03a] supports 

coordination and awareness between staff at geographically separated sites, in an organisation 

providing housing for former psychiatric patients. It allows communication between dedicated 

peripheral displays using SMS, enabling SMS messaging to a place rather than a single 

person. A key advantage of this technology is that members of staff (and patients) need only 

use their mobile phone to send messages to the system. Messages received at a location are 

displayed chronologically in a list. When a new message arrives it is hidden and a regular 

auditory and visual notification given until a user óreadsô the message (by pressing on the 
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screen). The new message is then displayed and the sender receives notification that his or her 

message has been óreadô. 

This work has been guided and informed through ethnographic study [Cheverst '03a] 

and the system is also designed to act as a technology probe with all use of the system logged 

for later analysis [Fitton '04b]. The main requirements for this system were found to be strong 

dependability and ease of use and as such it was designed to be simple with additional 

functionality only added as new requirements emerged (for example blocking of senders due 

to sending offensive messages). The SPAM system has been deployed and has received use 

since October 2002.  

Ariadne 

The commercially available Ariadne [Modulex '05] product is a range of wall-

mounted display systems from ten to forty inches in size that provide configurable indoor 

signage and other simple information display functions. Each unit has an embedded web 

server in its housing and the display is a web page configured over a network. A typical 

placement is outside a meeting room where an Ariadne display can be updated to show when 

the room is in use. 

This system provides digital signage with some models including the ability to play 

media clips. None of the displays allow local (i.e. co-located  with a display) interaction and it 

is perhaps unlikely that the embedded hardware used would be powerful enough to support 

such features.  

2.2.4 Analysis of Pad-Sized Displays 

McCarthy et al investigated the use of deployed UniCast and OutCast displays using 

both quantitative and qualitative analysis. However, qualitative analysis revealed that the 

functionality enabling messages to be left by visitors for OutCast display owners (analogous 

to one of the aims of this work, see aim 1 in section 1.5) was the least used functionality, as 

users did not trust that it was reliable. 

In [Segawa '99] it appears that one aim of the Uni Board system was similar to that of 

this work, namely deploying a prototype and logging use for later analysis (see aim 1 in 

section 1.5). However, they favour a technology led design approach and appear more 

interested in investigating interaction with displays from inside a web browser.  

The work at Carnegie Mellon University makes some interesting points about the use 

of doors as óinterruption gatewaysô and a ómedium for communicationô. However, while user-

centred design techniques were used to develop prototypes (in common with this work, see 
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aim 1 in section 1.5), the focus appears to be the production of óproof of conceptô 

demonstrators rather than longer term deployment and evaluation.  

Research on the Family Message Board has demonstrated how the use of prototypes 

as technology probes can provide user-centred design in the ófieldô. Browne et al initially 

developed a simple prototype, in common with the aims of this thesis (see aim 3 in section 

1.5), they then intended to deploy and use various methods (such as logging, interviews, 

comments, suggestions) to understand use, which is again similar to the aims of this thesis 

(see aim 1 in section 1.5). It appears that when designing a technology probe it is important to 

start with a prototype providing relatively simple functionality, investigating the adoption and 

usage patterns which emerge and using this to adapt the design. The SPAM system was also 

designed to act as a technology probe. The design was heavily influenced by previous 

ethnographic investigation and required relatively little redesign after deployment.  

The Ariadne system is an interesting product in terms of providing well-engineered 

situated displays ready for deployment. However, the display systems are not interactive and 

provide little more than signage. The availability of such a product does indicate that situated 

digital displays are becoming an acceptable and desirable part of the everyday environment.  

2.2.5 Board-Sized Displays 

Boards are described as ñyard-scale displays that are the equivalent of a blackboard 

or bulletin boardò [Weiser '91] and used here to categorise devices using large displays 

(commonly using plasma screen or projectors) often referred to as Large Display Groupware 

Applications (LDGAs). 

The Notification Collage 

The óNotification Collageô (NC) [Greenberg '01] is a groupware notice board 

application designed to support awareness and (to a smaller extent) collaboration between co-

located and distributed colleagues. It allows a small community to post media (live video, 

notes, web pages etc.) to a shared space that is updated in real-time, enabling synchronous 

video conversations. The system runs on  individual  PCôs (typically  on a  second  monitor)  

and  on  a  single  large seventy-two inch shared  display.    

Experiences learned from the initial deployment of the system are presented in 

[Greenberg '01] from which thirteen specific ópointsô emerging from use are distilled (e.g. the 

fact that users desired both local and remote access to the NC). Similar to the aim of work on 

Hermes (see aims 1 in section 1.5) users were able to send asynchronous messages to each 

other (via óSticky Notesô). The Sticky Notes were accessible to all users of the NC enabling 

them to be used for óbroadcastingô messages.  
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IM Here  

The IM Here [Huang '04] system combines a traditional desktop instant messaging 

application with a large shared public digital display to explore issues of adoption in the 

context of LDGAs. Visitors to the IM Here public display (who are not automatically 

identified) can communicate with other users running the IM Here instant messaging 

application on desktop computers. Additionally, content input by an administrator is presented 

on the display in order to promote group awareness.  

An initial study of existing LDGA research was used to identify five factors affecting 

adoption, for example, the task(s) the system is intended to support, low barriers to use, etc. 

The IM Here system was then designed and deployed (for twenty-four users) using the five 

issues as guidelines. An evaluation conducted during six weeks of use is provided in [Huang 

'04] where analysis of usage logs and user interviews are used for qualitative investigation of 

use (together with some brief quantitative analysis).   

The Opinionizer 

The Opinionizer system [Brignull '03] was developed in order to explore the difficulty 

in enticing users to interact with interactive public displays. It allowed opinions to be added to 

a public display in order to encourage face-to-face socialising between bystanders, with the 

primary aim being to encourage interaction with the display. The system uses a laptop 

keyboard for input and the user interface was projected onto a wall display. 

In order to explore four main goals (relating to interaction) two user studies were 

carried out at a book launch party and a welcome party for postgraduate students. As part of 

these studies, interviews with users and observations of use were carried out. From these 

studies two óthresholdsô were identified which users must cross in order for interactions to 

take place: ófocal awarenessô and óparticipationô. They conclude that in order to cross the 

participation threshold there must be low barriers to use and that the form of interaction needs 

to be very lightweight. 

The Plasma Poster 

The Plasma Poster [Churchill '03] was designed to ñpromote communication 

information sharing in public placesò and was inspired by traditional notice boards where 

paper messages can be attached. It allowed users to post content (in the form of text, URLs, 

images and video clips) via e-mail and a web interface to large (interactive) plasma screens 

equipped with a touch sensitive surface. The supporting software infrastructure (the Plasma 

Poster Network) was primarily implemented in Java and used a MySQL database for storage. 
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Similar to the work presented here, Churchill et al are investigating a range of different 

óinterfacesô to allow interaction with the system.  

In common with the work presented in this thesis, a user-centred design approach was 

followed. The results of two user studies were used to produce a set of design requirements to 

encourage use of the deployed system, for example where to locate the displays and 

functionality the system should provide. Additionally, an iterative rapid prototyping approach 

was used. Three Plasma Posters have been deployed within the building where the authors 

work and use of the system is logged. In [Churchill '03] quantitative analysis of use of a ten 

month period is presented, showing the daily and monthly interactions each of the three 

deployed prototypes received. Qualitative analysis of use was also carried out with twenty-

three users being given a survey and follow-up interview, which demonstrated a positive 

attitude towards the system. 

Vista 

The Vista prototype [Wichary '05] uses a fifty inch plasma screen to display an 

application intended to encourage socialising and discussion by presenting information about 

professional activities within a workplace. It is designed to be deployed in ócoffee-cornersô 

where colleagues take coffee breaks. User-centred design principles have been used 

throughout the development of this system, which resulted in four design iterations with four 

prototypes being produced (video, visualisation, Wizard of Oz and high fidelity). 

Demonstrations and user studies with potential users were carried out at each stage of the 

design process. 

The interactive prototype was deployed for four days, with all use logged and a 

portion being observed. Similar to this work, both quantitative and qualitative analysis of use 

was carried out. Witchery et al make numerous references to the fact that their user-centred 

design process was very time consuming, which impacted upon the development process. The 

approach used by Witchery et al included a range of user-centred design and prototyping 

techniques.  

Semi-Public Displays for Small Co-located Groups 

The work on óSemi-Publicô displays by Huang and Mynatt [Huang '03] explored the 

design and deployment of a large touch-enabled SMART BoardÊ display located in an 

academic lab. The intention of the display was to support awareness, foster coordination and 

encourage collaboration between members of the lab by providing a shared space where 

relevant information was displayed. Four applications were continually displayed in the 

shared space. The first provided reminders of information extracted from weekly status e-
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mails sent inside the group, the second provided a shared space for drawing and writing, the 

remaining two applications provided awareness of the location of group members and 

attendance at scheduled meetings. The design space and domain were analysed during the 

design process and questionnaires were carried out to users both before and after deployment.  

Similar to the work described in this thesis, a questionnaire (using a five-point Likert 

scale) was administered during deployment and they describe how informal feedback from 

users during deployment was valuable. From [Huang '03] it appears that the system was in 

place for two weeks before the post-deployment questionnaire was administered, which 

investigated initial response to the four features. The results of this questionnaire showed that 

the two features providing reminders of information extracted from e-mails and visualising 

attendance at scheduled meetings were successful, while the other two features required 

further work. 

Dynamo  

Dynamo [Izadi '03] provided a shared multi-user surface designed for multiple large 

situated displays (and projectors), intended to support: 

ñéthe cooperative sharing and exchange of a wide range of media that can be 

brought to the surface by users outside from their familiar organizational settings.ò 

 Users ôcarveô (mark and appropriate) regions of the display area to interact with, 

allowing them to share, send and arrange documents with other users interacting with the 

display surface.  Dynamo also had a notion of state and carved regions could be saved for 

future reference, it is possible to use the system without registering, though only authenticated 

users could save state.   

The system has been developed using an iterative development process incorporating 

feedback from users exposed to early prototypes during user studies, two such user studies are 

described in [Izadi '03]. The first study, held during a design workshop, was used to 

investigate the novel interaction techniques provided by the system while the second study 

involved participants working together to produce a poster (however, this latter study may 

have been influenced by the issue of ñsocial embarrassmentò [Izadi '05] where shy 

participants might not want to interact with the system in front of others). 

BlueBoard 

The BlueBoard [Russell '03]  system used a 1.3 meter interactive touch sensitive 

display equipped with an RFID badge reader for authentication. It was designed for both 

personal (e.g. checking calendars) and collaborative use (e.g. whiteboard functionality). 

Additionally, the BlueBoard can be used to a limited extent without authentication. The 
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system was designed to provide very easy to use functions (analogous to an information 

appliance) enabling people to walk up and use it with little or no prior knowledge. 

 It appears a single BlueBoard has been developed, which was used to conduct a field 

study at a workshop with 163 potential users. Participants were given badges to authenticate 

themselves with the display and (in common with the Hermes system presented later in this 

thesis) users (owners in the case of Hermes) were given a short introductory demonstration 

before being freely allowed to use the display. Use of the BlueBoard was videotaped and six 

users were given a formal interview. Analysis of these results produced sets of observations 

from group and individual use specific to interaction with large displays, for example the 

problem of control, etiquette, reaching over large distances on the screen etc. 

2.2.6 Analysis of Board-Sized Displays 

While the Notification Collage system provided asynchronous messaging 

functionality similar to the aims of this work (section 1.5), the notification collage is 

essentially a synchronous media space where video and textual collaboration takes place. 

Discussion of salient experiences and issues drawn from an initial deployment are presented, 

some of these are applicable to the work presented in this thesis; such as the value of remote 

interaction and asynchronous messaging functionality. 

  In [Huang '04] the IM Here system provided an additional channel of 

communication for a traditional instant messaging application via a client on a shared public 

display. This system was deployed and logging of use enabled qualitative analysis of use over 

a six week period. The five factors affecting adoption and how they affect the design of IM 

Here seem highly relevant to the work presented in this thesis, for example, the users of IM 

Here responded well to the low barriers for use (primarily lack of a login).  

The work involving the Opinionizer system identified some potentially valuable 

guidelines to encourage interaction with large public displays. In common with the aims of 

this work the system used qualitative analysis in order to identify usage issues, however the 

deployment domain was very different: social gathering in public places. 

While the Plasma Poster system aimed to fulfil a different purpose to the work 

presented here, the development and evaluation techniques are similar. For example, an 

iterative prototyping approach together with user-centred design techniques were used to 

inform the design process. In common with the work presented here, logging was used to 

quantitatively analyse use and this was combined with qualitative analysis. Work on the 

Plasma Posted highlighted the difficulties of designing a display-based prototype system for 

deployment and use outside of the lab and how user-centred design techniques can be 
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important for successful adoption. Vista is similar to Plasma Poster in its purpose and 

development approach, however, a more principled user-centred design approach was used in 

Vista. For example, in Vista much time and resources were used to design and evaluate three 

different kinds of prototypes (video, visualisation and Wizard of Oz) before deign of the high 

fidelity prototype began.  

The work on Semi-Public Displays by Huang and Mynatt explored the use of a shared 

display inside a large academic lab which effectively had a closed users group (the members 

of the lab). The deployment of displays described in this thesis contains elements of a ósemi-

publicô nature, for example, the majority of visitors to a display might have been colleagues of 

the displayôs owner. The work on Semi-Public Displays did highlight the importance of using 

questionnaires and informal discussion with users to gain feedback on a deployed prototypical 

system óin situô. 

The Dynamo system has been developed using a user-centred development approach 

(involving multiple user studies) to evolve and inform the design, very similar to the approach 

used in Hermes. It is clear that this approach produced interesting and useful feedback about 

interaction methods during the user studies, which may otherwise have gone unnoticed.  

In common with the Hermes system presented in this thesis, the BlueBoard system is 

designed to support a relatively small subset of features in order to provide an information 

appliance. Additionally, a large field trial was held in order to carry out qualitative 

investigation into use and it is interesting to note that a short demonstration was used, 

apparently successfully, instead of any form of user guide.  

2.2.7 Summary 

Table 2-1 summarises the related work discussed in the previous sections using seven 

categories selected to help compare the aims this thesis with the aims of related work:- 

Place ï the place for which the prototype has been designed. 

Functionality ï a brief overview of the main functionality the prototype provided. 

Length of deployment ï how long the prototype has been deployed for use. 

Number of prototypes ï the number of display-based prototypes that have been 

developed. 

Design process ï a brief summary of relevant processed used during the design of the 

system. 

Interaction methods ï the available local (co-located  with display) and remote 

(separated from the display) interaction methods. 
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Screen size ï the size of the screen used in the display-based system. 

In cases where information in a particular category was unavailable or unclear, this is 

denoted by a dash. As one aim of this work was longitudinal deployment and use outside of 

the lab, the categories of óplaceô, ólength of deploymentô and ónumber of prototypesô were 

included to establish the extent to which this kind of deployment has been explored 

previously. In order to compare the aim of this thesis to maintain simple functionality and user 

interfaces with existing related work, the category of ófunctionalityô was included. The ódesign 

processô category was included in order to compare the aim of this work to use a technology 

driven and user-centred approaches with the approaches used in related work.  Additionally, 

as one of the motivating scenarios for Hermes included remote interaction (via SMS) with an 

office door display the óinteraction methodsô category was included to highlight the local and 

remote interaction methods explored in the related systems.   

  From Table 2-1, it is clear that a range of situated display-based systems have been 

developed, primarily supporting awareness, messaging or collaboration. It is interesting to 

note that there are very few examples of deployments lasting longer than preliminary user 

studies, and even fewer that have involved the deployment of more than one prototype. 

Additionally, very few examples in Table 2-1 provide a range of interaction methods even 

though this is potentially a key area of functionality enabled by a digital approach compared 

to traditional paper-based display systems (though this is application dependent). A range of 

design processes have been used in the various related systems, many incorporating user-

centred design or ethnographical approaches in order to investigate use. In common with the 

work carried out in this thesis, the majority of related systems where the design approach is 

included in Table 2-1 have employed quantitative and/or qualitative analysis of use. 
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Table 2-1: Summary of Related Work. 
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2.3 Relevant Design Methodologies 
This section provides an overview of design methodologies relevant to the design 

approach used in the Hermes system, including the approaches using the related systems 

described in section 2.2 and summarised in Table 2-1. Firstly a discussion of the origins and 

meaning of user-centred design is presented, followed by an overview of different prototyping 

approaches. Next, participatory design, as an example of a user-centred design approach, is 

briefly described and finally an outline of ethnography is given including a discussion of 

cultural probes and technology probes.  

2.3.1 User-Centred Design  

As can be seen from Table 2-1 only one system (Vista) is explicitly listed a utilising a 

user-centred design process. However, user-centred design is a broad term which 

encompasses a range of design approaches within the area of human-computer interaction. 

Central to the idea of user-centred design from [Norman '86] is the focus on supporting the 

needs of the user through the systemôs interface, exemplified by the following extract: 

ñThe needs of the user should dominate the design of the interface, and the 

needs of the interface should dominate the design of the rest of the systemò [Norman 

'86] 

In [Sommerville '93] Sommerville et al discuss the role of sociologists in designing 

interactive systems, and define user-centred design in a pragmatic context which helps 

describe what the process might involve: 

ñIn user-centred design, end-users become part of the design team and are 

continually available to comment on and to evaluate proposed designs. They may themselves 

suggest appropriate user interface designs.ò 

Building on the ideas from Norman, in [Noyes '99] a practical approach is taken to 

carrying out user-centred design and the term is defined as including a flexible approach 

incorporating a range of techniques to ensure users are involved in the design process: 

ñ..we assume that the definition of óuser-centred designô can change during the 

design process, from soliciting user opinion, to designing to accommodate work activities, to 

designing to accommodate the capabilities of people who are going to use the system.ò 

One key technique allowing a design to be communicated to users in order to aid 

involvement in the design process, synonymous with user-centred design  [Norman '86] [Dix 

'97b] [Noyes '99], is that of iteratively refining a design using prototypes. More specifically, 

in order to ensure that userôs needs are met users are exposed to prototypes embodying the 
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current design in order to generate feedback. This feedback is then used to refine the design 

and potentially to generate a revised prototype (prototyping is discussed further in the 

following section).  

One particular design approach which is heavily user-centred is participatory design 

(PD), this is discussed in section 2.3.3. 

2.3.2 Prototyping 

Prototyping is usually a low-cost technique to allow a user to evaluate a design and is 

used heavily in iterative design [Dix '97b], refining a design based on feedback from a 

prototype. Three main approaches to software prototyping exist [Sommerville '01]: 

i) Evolutionary Prototyping - whereby an initial implementation is refined until it is 

satisfactory, 

ii)  Throw-away Prototyping ï whereby after a prototype is evaluated it is discarded 

and another developed from scratch, 

iii)  Incremental Development ï whereby individual system components are 

developed using evolutionary prototyping within an overall system architecture.       

Prototyping is an important aspect of user interface design ([Lauesen '04], [Preece 

'02], [Dix '97b]) and a range of different techniques are possible depending on required 

fidelity, for example: 

i) Paper prototypes ï whereby the design is simply sketched onto paper, 

ii)  Screen prototype ï whereby the design appears as it is intended on a computer 

screen but provides little or no functionality, 

iii)  Wizard of Oz ï whereby a human has to (secretly) carry out functionality not yet 

implemented in the system in order to give an impression of a fully functional 

prototype,  

iv) Functional prototype ï whereby a fully functional system is generated, most 

likely though a rapid prototyping [Fitton ó05] approach.  

Prototyping was used in the work on Vista (with four prototypes of different fidelities 

being produced), Opinoinizer (using a paper prototype) and Dynamo (utilising óintermediateô 

versions of the system as functional prototypes in user studies).  

2.3.3 Participatory Design 

Participatory design  is a term used to describe an approach originating from 

Scandinavia [Muller '91] in which the prospective users of a system actively participate in its 
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design (for a recent overview of specific examples of PD approaches in use see [Torpel '05]). 

In addition to collaboration with users during design process, another goal of PD is to use an 

iterative design process where techniques are used to: 

ñéprovide the opportunity for the users to ñexperienceò the new technology and for 

developers to ñexperienceò the new work practice.ò [Blomberg '90] 

These techniques include brainstorming, storyboarding, workshops and paper 

prototyping [Dix '97b]. In addition to including users in the design process, PD has an 

additional aim of improving the working environment of the user through the introduction of 

technology. This approach has not been widely used outside of Scandinavia in un-adapted 

form, primarily due to the additional challenges of including users in a design process to such 

a degree and organisational issues [Muller '91], [Blomberg '90].  

2.3.4 Ethnography 

Ethnography originates from the fields of anthropology and sociology and essentially 

involves a researcher observing and recording tasks a user carries out in his or her workplace:  

ñéethnographic field work typically involves participant observation, a combination 

of observation and in-situ question asking, carried out while participating in the ongoing 

activities and events of a community.ò [Jordan '96] 

The key advantage of ethnography is that it does not rely on a user articulating the 

tasks they carry out, which can be problematic [Sommerville '01]. Ethnography can help 

provide a deep understanding of a domain to aid understanding of requirements, and can help 

inform requirements. Traditional ethnographical techniques include direct observation, video 

analysis, interviews and diary studies. In both RoomWizard and SPAM ethnographical 

techniques were used to help understand the domains prior to deployment of technology.  

2.3.5 Probes  

Generally, probes are devices designed to investigate the unknown by collecting and 

returning information. Cultural probes [Gaver '99] are a technique used to help understand 

users and inspire design ideas for ñtechnologies that could enrich peopleôs lives in new and 

pleasurable ways.ò [Gaver '99]. A cultural probe pack (given to participants in a cultural 

probe study) specifies evocative tasks or questions and includes suitable mediums to record 

information. For example, a probe pack might contain a camera and a diary and the participant 

asked to take photographs to illustrate specified topics and record certain information. This 

technique can be adapted to collect ethnographic information in sensitive settings [Hemmings 

'02] where traditional ethnographic techniques are not suitable (for example with psychiatric 

patients). 
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Technology probes [Hutchinson '03] are similar to cultural probes in that a pack 

containing materials to help inspire design ideas and record information is given to 

participants. However, technology probes are based around the deployment of a working 

prototype, simple enough to be flexible in its use (to allow ñinnovative and unexpected usesò 

[Hutchinson '03] to be found), which collects usage data in-situ that can be used to uncover 

information about users and inspire new design ideas. As discussed in [Hutchinson '03], a 

technology probes explores three main goals: 

ñéthe social science goal of collecting information about the use and the users of the 

technology in a real-world setting, the engineering goal of field-testing the technology, and 

the design goal of inspiring users and designers to think of new kinds of technology to support 

their needs and desires.ò 

Both RoomWizard and SPAM acted as forms of technology probes which provided a 

simple fully functional prototype, flexible in use, deployed in order to collect usage data in-

situ.  

2.3.6 Summary  

This section has discussed a range of design approach based around the approaches 

used in the related work described earlier. Is clear that user-centred design is a broad term 

which necessitates including the user in the design process to meet their needs. One technique 

used to meet these needs is iterative prototyping where a user can easily see what the designed 

envisioned and provide feedback. Participatory design was described as one heavily user-

centred design approach which has been used successfully in Scandinavia, but which is less 

appropriate (in its original form) elsewhere. Ethnography was described as method to 

understand a domain and users needs through observation within the workplace. Cultural 

probes were described as a technique to help gather ethnographic information and inspire 

design, which inspired the concept of technology probes. The two óprobeô approaches have 

similarities, such as the use of packs containing materials allowing participants to record 

information, however technology probes are based around the deployment of a simple 

functional prototype. 

2.4 Chapter Summary  
This chapter has discussed a selection of relevant researched based on digital display-

based systems and applications. The related work has been categorised using Weiserôs ideas 

of tab, pad and board-sized ubiquitous display systems.  In many cases, aspects of related 

work were similar to the aims of the work presented in this thesis, for example several 

systems were based around door displays supporting awareness and coordination. The 
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summary of related research presented in Table 2-1 highlighted the large number of related 

systems that utilised design approaches that often included both quantitative and qualitative 

techniques to analyse use. In addition, several systems were designed around the notion of 

providing an information appliance. This chapter also briefly introduced relevant design 

methodologies, such as those used in the related systems, including user-centred design, 

prototyping techniques, participatory design, ethnography, cultural and technology probes.  

The body of related work discussed in this chapter has demonstrated where the 

majority of existing related work differs with the aims of the work presented in this thesis (the 

aims of this work are presented in section 1.5). The majority of related systems have not been 

deployed for regular use outside of the typical ólabô scenario (apart from short user trials). In 

addition, none of the related work discussed in this chapter has begun to explore, specially, 

the affordances a digital display system can provide over traditional paper-based systems. 
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Chapter 3  

The Initial Hermes Prototype 

3.1 Introduction  
This chapter details the initial phase of the design, development and deployment of 

the Hermes system. The prototype was intended to explore the aims of this thesis and acted as 

a starting point in order to gather requirements on a range of levels. Terminology used in this 

chapter is defined in Appendix F.1. 

3.2 Background 
The  office  door  and surrounding  area  provide  a  very  rich place  to  study 

interaction. This kind of location can be categorised as ósemi-privateô because it includes both 

private elements (as it óbelongsô to the occupant of the office) and public (as it is part of the 

corridor and visible to all passers-by). The office door represents the boundary between public 

and private spaces, often used as an indication of the interruptibility of the occupant (for 

further discussion of the office door as an óinterruption gatewayô see section 1.1 of this thesis 

and [Jeffrey '02]).  For example, an open office door generally means that the occupant is 

open to accepting visitors and a closed door the opposite (with various states in between). 

Additionally, many office occupants personalise doors by adding cartoons, photographs or 

pictures.  

A very common occurrence in the Computing Department at Lancaster University is 

that of colleagues, postgraduate and undergraduate students calling at the office of a member 

of staff unannounced in the hope of an ad-hoc meeting. This makes the office door an 

interesting place to explore issues such as messaging, awareness (primarily of the type ówho is 

thereô), coordination and context-sharing as it is often the location where a visitor to an office 

finds that they can or cannot see the person they seek. Inevitably, a member of the department 

might be unable to attend a scheduled meeting leading to visitors calling at his or her empty 

office. In addition to the ad-hoc calling at an office, of course, scheduled meetings also take 

place in offices. Often if a staff member is unable to attend a prearranged meeting and has no 
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way of contacting the visitor in time, he or she will leave a paper message on his or her door 

specifically for the visitor or telephone a secretary or colleague to do this for them. This 

demonstrates how members of the department take the social obligation of arranging a 

meeting seriously, though clearly this may depend on the perceived importance of the meeting 

and the relationship between the people involved.  

An additional method for an office occupant to display a message for visitors to his or 

her office is by using some form of message ówhirlerô attached to his or her door, for 

examples see Figure 3-1.  Message ówhirlersô tend to have a predefined set of messages with 

some form of pointer that can be changed as appropriate. 

  

Figure 3-1: Examples of Message ówhirler sô and Post-it Notes. 

Paper notes and ówhirlersô are obviously inexpensive to manufacture, have a low cost 

in terms of effort and it is inherently clear whether or not they are operational. However, some 

potentially undesirable physical properties can be observed:  

i) lack of security - it is easy for someone to maliciously remove a paper note or 

change a message ówhirlerô displaying a publicly accessible message, also any 

passer-by could attach a paper note to an office door (or move a message 

ówhirlerô) which would be assumed to have been the actions of the office 

occupant, 

ii)  no remote accessibility - it is necessary to contact a secretary or colleague 

physically inside the Computing Department to author and place a paper note or 

change a message ówhirlerô remotely while off-site. 

For a visitor arriving at an empty office, at that location and time he or she is unlikely 

to have many ways of leaving a message for the absent occupant (unless, for example, the 

visitor had the occupantôs mobile telephone number). Consequently, some members of staff 

even place paper pads outside offices for visitors to leave messages on and a visitor is, of 
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course, free to place a paper note on an office door should he or she wish to. However, a 

message left on an office door is visible to all passers-by which, in some cases, may not be 

desirable. One possible solution might be to provide the mobile telephone number of the 

occupant on the office door (perhaps inviting the visitor to call or send them an SMS). 

However, an office occupant is perhaps unlikely to want to make his or her personal mobile 

telephone number publicly accessible.  

3.3 Development Approach 
A phased development approach was used when designing Hermes where each phase 

began with specific objectives in line with the aims of this thesis. The development effort of 

the Hermes system focussed primarily on owners of door displays. This was because 

supporting adoption and use by owners was central to exploring these aims, and with limited 

resources visitors received comparatively little attention. Each phase started by órapidlyô 

prototyping and deploying an entire instance of the Hermes system (starting from the previous 

code-base prior to the initial phase) including new features and required modifications. The 

Hermes system effectively acted as a functional prototype and was developed in an 

evolutionary manner. During the development process potential features and user interface 

designs were discussed with and demonstrated to other members of the development team, 

providing a form of expert analysis. Following deployment, prototypes were then iteratively 

refined using feedback from door display owners [Fitton ó05]. The complete history of the 

technical changes made to Hermes is listed in Appendix A. The phased development approach 

allowed a simple initial prototype and the gradual addition of functionality (with input from 

owners) which helped fulfil the aim of providing an information appliance. The use of phases 

also simplifies discussion of the development of the Hermes system. 

The development of Hermes was split into six phases. The objective of the first phase 

(the initial prototype described in this chapter) was to develop core functionality and perform 

testing in the traditional ólabô scenario, and then deploy door displays outside the offices of 

two of the system's developers. This approach ensured some initial testing outside of the ólabô 

but with door display owners where low reliability and initial problems were not likely to 

affect future use [Fitton ó05]. The phase 1 prototype was designed and evaluated inside the 

development team. While this approach was open to the requirements capture problem, the 

design team were effectively experts on the domain (having worked in the Computing 

Department for significant periods of time) and this enabled a prototype to be produced 

relatively rapidly (without the need for approaches such as ethnography to help understand the 

domain). Later phases of Hermes (discussed in the following chapter) involved overlapping 

aims, such as expanding the deployment and supporting adoption from owners by adding 
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features to lower barriers to use, with each phase involving the addition or modification of 

major functionality. 

In order to explore the aim of this thesis to combine technology driven and user-

centred design
8
, with limited resources, an eclectic approach was taken. In more detail, 

continual informal feedback was sought from owners via discussion of potential features, 

demonstration of existing features, reports of problems, specific suggestions for improvement 

and general discussion about use of the system. This feedback helped to focus the design on 

the owners and include their ideas, comments and suggestions in the design process. 

Collection of feedback in these ways was possible because of the proximity of the developers 

and door display owners, and allowed valuable feedback to be collected in a low cost manner. 

This informal qualitative feedback was used both to help evaluate existing features and 

generate new requirements. In addition to informal channels of qualitative feedback, formal 

methods such as a questionnaire and a semi-structured interview were also used to investigate 

specific issues such as ownerôs use and potential new features. These techniques were chosen 

to help understand adoption and use over the longer term with limited resources (rather than 

evaluate a specific user interface design where techniques such as óthink aloudsô and 

observational methods would be more appropriate). Additionally, utilising informal feedback 

through discussion and techniques such as interview gave flexibility to explore interesting 

issues as they emerged.  

An important part of generating feedback via the formal and informal methods 

described previously was the deployment of door display prototypes for use in the óreal 

worldô, allowing an owner to use a prototype as part of his or her daily routines. All use of the 

Hermes system was logged and, in conjunction with the simple unrestrictive functionality, 

allowed the door displays to act as a form of technology probe [Hutchinson '03] to help 

inform the design. Not only did the deployment in this manner enable the collection of 

qualitative feedback (described in chapter 6) but logging enabled use to be quantitatively 

analysed (described in chapter 5). This further enabled the understanding of use and exposed 

new requirements. The development approach helped support the aims of this thesis of 

                                                     

8
 The definition of user-centred design in this thesis means the involvement of users, or in this case the 

owners of door displays, in this design process to help meet their needs (this definition is discussed 

further in section 2.3.1). 
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allowing initial adoption and continued use by using feedback to inform the design of features 

to lower ownersô barriers to use. 

3.4 Initial Requirements 
This section discusses the initial requirements that the Hermes system was subject to, 

in terms of implications for the application in general and installation. 

3.4.1 Application Requirements 

To fulfil the aims described in section 1.5 the intention was to make the initial design 

of Hermes simple and then to evolve the system gradually as it was adopted and appropriated 

by owners. This approach was used in order to develop features that were useful to owners 

without overly restricting the way in which the system could be used. For example, a web-

based interface enables interaction via virtually any computing device with a web browser and 

internet access, while a system utilising entries from a Microsoft OutlookÊ calendar relies on 

the maintenance of an accurate and up-to-date schedule using a specific application.  

In order to support asynchronous messaging (discussed in aim 1 in section 1.5) in a 

simple manner, the decision was made to design a prototype providing simple functionality 

analogous to a paper note. Therefore, the initial requirement was to develop a prototype 

allowing an office occupant to share a message associated with his or her door and allow a 

visitor to leave a message for the office occupant. The Hermes system was intended to 

augment rather than replace existing paper-based systems (discussed in aim 2 section 1.5). 

Therefore, in order for owners to adopt Hermes and use it in addition (or in preference) to 

existing paper-based messaging media an incentive must be perceived [Markus '90]. Even 

though a the properties of a digital system enable a range of additional functionality which 

might encourage use, the system may effectively be competing with paper notes on the issues 

of: 

i) ease of use (i.e. the system should not be more complex and time consuming to 

use than, for example, a Post-it note), 

ii)  reliability (i.e. the owner should not trust the system significantly less than a Post-

it note).  

Problems in either of these two areas are likely to affect adoption. 

3.4.2 Installation Requirements 

The deployment of the Hermes door displays impacted upon the layers (from [Brand 

'94]) of space plan (interior layout) and services (communication and electrical wiring). This 
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meant discussion was required with the appropriate stakeholders in order to ensure that 

deployment could proceed and to highlight areas of particular concern, primarily:  

¶ compliance with university safety regulations, 

¶ compliance with disabilities legislation. 

Two other important installation requirements considered were: 

¶ ease of deployment and development, 

¶ appropriate security. 

These requirements are discussed in detail in the following sections. 

Compliance with University Safety Regulations 

The fact that Hermes door displays were to be situated in a public location and were 

required to run constantly meant the system had to comply with the Lancaster Universityôs 

Health and Safety regulations. Previous attempts to experiment with the use of ubiquitous 

displays within the department (e.g. the Flump system [Finney '96]) had been thwarted by the 

health and safety regulations that forbade the deployment of constantly óonô High Voltage 

equipment within the Universityôs corridors. Effectively this restriction meant that the 

displays had to be based on a low voltage unit, such as a PDA or laptop. 

Compliance with Disabilities Legislation 

Current UK disability legislation states that public facilities need to be positioned at a 

height that does not unduly discriminate against people using a wheelchair [Disability Rights 

Commission '02]. For this reason the door displays had to be situated at a relatively low height 

from the floor (approximately 150 cm). In the future, it would be desirable to make the 

displays more accessible to taller visitors. 

Easy to Deploy and Easy to Develop 

One important requirement for the Hermes system was that it should be relatively 

easy to deploy (based on limited resources for carrying out deployment). To meet this 

requirement the decision was made to design the Hermes door display devices as a self 

contained unit rather than, for example, deploying a PC (and associated hardware) on the 

inside of an office and a display on the outside. Another important requirement was that of 

reducing the cabling required to the Hermes displays (ideally requiring none at all). While a 

wireless network could be used for communication (eliminating the need for wires 
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completely) it was likely that any-self contained mobile device would have a relatively short 

battery life and require (low voltage) power from an external source.  

These constraints narrowed the choice of hardware down to a PDA or laptop (or 

Tablet PC) based device. A PDA-based solution was selected as the relatively low cost per 

unit would enable the largest number of displays to be deployed and it was anticipated that a 

small screen area would be adequate for the simple messaging applications intended. 

Additionally, the use of large devices would have had a significant impact on the building 

fabric and it would have been more difficult to gain approval for the deployment to take place. 

The intention was for the display device application to be relatively easy to develop so a 

Microsoft Pocket PC [Microsoft '05a] PDA based solution was decided upon (over Palm OS 

[PalmSource Incorporated '05]) owing to the large touch sensitive screen, higher processing 

power and superior Java support. 

Appropriate Security 

Although access to the Computing Department was restricted during evenings and 

weekends, it was unrestricted at all other times.  For this reason the Hermes door display 

devices needed to be mounted in such a way that opportunistic theft of the device would be 

difficult.  Additionally, access to buttons on the PDA device had to be removed in order to 

prevent malicious or accidental termination of the application etc. This latter modification also 

helped move the unit in the direction of an information appliance. 

3.5 The Chosen Hardware Solution 
Having decided to develop a system using an óoff-the-shelfô based PDA two 

candidates were considered, namely the Compaq iPAQ H3600 series and the HP Jornada 568. 

Both of these devices had a relatively large colour touch sensitive screen, incorporated a 206 

MHz 32-bit StrongARM processor, 64MB of RAM, provided expansion (via PCMCIA and 

compact flash slots) and used the Microsoft Pocket PC operating system. After consideration 

the HP Jornada was chosen for two main reasons. Firstly, at the time, only the Jornada came 

equipped with a built-in compact-flash slot and therefore could support wireless 802.11b 

networking without requiring an additional expansion jacket.  Secondly,  the unit had a 

relatively  square shape (compared  to  the  rounded  back  of  the  Compaq  iPAQ  with  

expansion  jacket) simplifying case design. The case for holding the unit was made from 

aluminium and illustrated (together with a Jornada) in Figure 3-2. Note how the case was 

designed to restrict access to the buttons on the PDA in order to prevent malicious or 

accidental termination of the Hermes application (and to help move the prototype in the 

direction of an information appliance).  
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Figure 3-2: The First Deployed Hermes Door Display. 

3.6 The Chosen Software Solution 
At an early stage it was decided to use a Java based implementation for the Hermes 

system. This decision was made primarily due to the cross-platform nature of Java which 

would potentially enable the Hermes application to run on a wide range of devices. An 

additional important factor influencing this decision was support for the chosen door display 

hardware (a PDA device). The main alternatives to Java at the time were Microsoft eMbedded 

Visual C++ and Microsoft eMbedded Visual Basic. However, initial investigation revealed 

that neither of these products were equivalent to their desktop counterparts, missing certain 

software libraries which would be required for implementation of the Hermes system. 

Largely due to a lack of available information at the time, finding a Java virtual 

machine (VM) implementation to run on a PocketPC device meeting the requirements for 

Hermes was a frustrating process. In particular, it was difficult to find a VM implementation 

supporting the Java Communications API to enable use of the PDAôs serial port. Such support 

was necessary because from a very early stage in the design process it was thought that the 

use of iButtons [Maxim '05] could prove to be a useful tool for lowering the cost of 

authentication to help support adoption for both door display owners and visitors. 

The choice of Java VMs fell into two categories, 1) those running under the Microsoft 

PocketPC operating  system and, 2) those  supported through the installation of a 3rd party 

operating  system on the PDA  device. Examples of this latter  category at  the time included 

the SavaJe OS [SavaJe '05] (which provided a native Java operating system for iPAQ  PDAs) 

and the possibility of installing Linux on an iPAQ device and running a Linux Java VM 

ported to the appropriate architecture. After testing, neither of these two solutions appeared to 

be practical (for example the SavaJe OS only supported a very small number of network 



42 

device drivers and an additional memory card was required to install Linux and Java VM on a 

PDA) and neither supported the HP Jornada 568 device.  

Out of all the possible Java VM solutions CrEme [NSICom '05] was chosen. CrEme 

provided many advantages over alternatives in the same category such as the ability to hide 

the Pocket PC ómenu barô, built in Java Communications API and support for additional APIs. 

A web page was published including the information discovered about the various options for 

supporting Java on PDA devices to help other researchers.  

Linux was chosen as the operating system for the supporting server in order to easily 

provide a secure and stable platform allowing web technologies (i.e. simple web page serving 

and Sunôs Java Servlets [Sun '05b]) to be configured, deployed and managed easily.  

3.7 Phase 1 Initial Design 
This section presents the design of phase 1 of the Hermes system, the initial design of 

Hermes is motivated followed by a description of the functionality provided at the start of 

phase 1 and the design choices explored. The initial design of Hermes focused primarily on 

door display owners and provided a starting point to explore the different features and uncover 

further requirements and usage issues.   

3.7.1 Exploring Affordances 

One of the primary aims of this thesis was to use a prototype to investigate the 

potential affordances that could be provided by a digital equivalent to Post-it notes and 

message ówhirlersô to support asynchronous messaging. These affordances can be used as a 

means to explore the additional possibilities for functionality enabled by the properties of a 

digital equivalent. Consideration of affordances was used to motivate and evaluate 

functionality provided in the Hermes prototype, the most pertinent affordances (compared to 

paper-based systems) considered during the development of the initial Hermes prototype are 

summarised in Table 3-1.  
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Affordances enabled by a 

Digital Approach 

(compared to typical paper-

based approaches) 

Description 

Security/Authentication With a digital system is possible to ensure that messages 

are only accessible by specified parties and also that only 

certain parties can leave messages publicly visible. With 

paper-based systems anyone can potentially remove or 

modify a Post-it note.  

Control Over Visibility  In a digital system messages left by visitors at a door do 

not have to remain visible to all passers-by as they would 

with a Post-it note or message pad. 

Remote Interaction With a digital system there is much scope for configuring 

publicly visible messages and accessing messages left by 

visitors (via the web, e-mail, SMS etc.). With a paper-

based system this would require help from a co-worker.  

Simplified Replying Process  

 

In a digital system, if the sender of a message is known 

this can be used to simplify the process of replying, for 

example, by generating a new e-mail message with the 

destination field already completed. 

Context Awareness A digital system could, for example, be augmented with a 

location tracking system for office occupants and 

generate public messages based on the ownerôs location, 

or integrate with an ownerôs electronic calendar. 

Table 3-1: Affordances Enabled by a Digital Approach 

Conversely, Table 3-2 presents some pertinent real affordances (in the Gibsonian 

sense of the term) provided by paper Post-it notes which might be challenging to achieve in a 

digital system. Paper-based systems provide some interesting properties which are desirable in 

the Hermes system, some of which could potentially be emulated in a digital equivalent.  For 

example, the yellow colour of a Post-it note might help convey to a visitor that a surface 

supports interaction in a similar manner. 

Affordance of Post-it Note Description 

Expressivity  Post-it notes inherently provide a surface which supports 

authoring of media with a high level of expressivity (text 

and drawing using different colours and types of pens 

etc.) which any person can use without instruction  

Placement Post-it notes can easily be attached to virtually any 

surface, allowing tacit expressions to be used in 

messages, without damaging the surface to which they 

are attached and can be removed and re-placed several. 

Table 3-2: Gibsonian Affordances Provided by a Post-it Note 

3.7.2 Door Display User Interface  

The initial user interface was designed within the development team (who were 

effectively experts in the deployment domain and Hermes door display owners) in order for a 

prototype to be developed quickly. However, user-centred design techniques were then used 
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to refine this initial prototype. The chosen hardware for the door display devices, a PDA, 

provided a screen approximately six centimetres wide by nine centimetres high (in portrait 

orientation) and for simplicity the Hermes application was developed to utilise this default 

configuration. In order to support adoption (one of the main aims of this work), an important 

goal when designing the user interface was that it should be very simple and easy to use with 

effectively zero time to learn.   

From the various possible design alternatives, the user interface layout selected 

consisted of a thin menu óbarô along the bottom edge of the screen, textual information 

presented along the top edge of the screen (including the office number and name of 

occupant) and content such as messages displayed in the remaining space in the centre. This 

layout was selected due to its simplicity in terms of implementation and use, the fact it 

displayed all necessary information on screen simultaneously (status, content and user 

options) and because it fit well with the size and orientation of the screen area. The design is 

also reminiscent of the screen layouts of many mobile phones.  

The colours chosen for the text at the top of the user interface were black text on an 

orange background. Orange was selected, over other eye catching colours such as red, both to 

stand out to passers-by and because the black text remained easy to read. The menu bar 

consisted of rectangular grey buttons of similar appearance to those in the Microsoft Windows 

operating system, used to help convey that the buttons performed an action when pressed. The 

information displayed at the top of the user interface was included to ensure that a visitor 

realised a door display was associated with an office occupant (by displaying occupant name 

and office number). The current date and time were included to assist visitors in the case of 

owners sharing messages including temporal content.  

While different variations on the user interface were possible, such as placing the 

menu bar at the top of the screen to make it more noticeable to visitors, the design was 

evaluated and agreed upon by all members of the development team. This evaluation also 

revealed requirements such as the need for the menu buttons to be large enough to be pressed 

easily with a finger (as opposed to only by a stylus). Screen shots of the door display user 

interface during Phase 1 are shown in the following sections (Figure 3-3, Figure 3-4, Figure 

3-5 and Figure 3-10).  

If the choice of user interface design had not been dictated to a large extent by the 

hardware used, one appealing alternative would have been to use a screen in landscape 

orientation. If, for example, the screen had been roughly the same size and orientation as a 

Post-it note this might have helped convey that the system supported messaging in a similar 

manner, helping visitors to perceive the affordance of leaving a note (Normanôs perceived 
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affordances are discussed in detail in section 1.5). Additionally, the use of a larger touch 

sensitive screen would have enabled a whole host of user interface design possibilities, such 

as displaying additional content or applications in parallel with Hermes. It would also have 

been interesting to include a webcam, if the door display hardware had been capable of 

supporting this, allowing visitors to leave pictures of themselves to ósignô notes they left or 

simply as evidence that they had called at an office. The design of the Hermes 2 system, 

discussed in Appendix J, addressed these limitations of the original Hermes door display 

hardware.   

3.7.3 Owner Functionality  

From discussion between members of the development team five main functions to be 

provided by the phase 1 prototype were agreed upon: 

i) ability to display a public message, 

ii)  ability to display a private message, 

iii)  ability to set public and private messages via the web portal, 

iv) ability to set a public message via a SMS message, 

v) ability to read messages left by visitors. 

These features are discussed in more detail in the following sections and were 

deliberately chosen to be simple in order to maintain an uncomplicated user interface and high 

reliability.  

Ability to Display a Public Message  

The primary feature of this phase of the Hermes system was the ability to set a public 

message visible to all passers-by (analogous to a Post-it note). A public message could be 

textual or an image, an owner was allowed to set an image in order to support a higher degree 

of expressivity than with plain text. The door display user interface remained in the ómainô 

mode (as shown in Figure 3-3) when no office owner or visitor was interacting with it. In this 

mode the current public message set by the owner was displayed, along with some additional 

information such as the name and office number of the owner at the top of the screen. This 

design was chosen for simplicity: a visitor does not have to interact with a display in order to 

view the ownerôs current public message. The buttons at the bottom of the user interface in 

this mode allow a note to be left for the office occupant (óNoteô) and allow a visitor to 
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authenticate themselves (óLog Inô). In phase 1 a door display owner was able to set his or her 

public message via an SMS message or via the Hermes web portal. 

 

Figure 3-3: Door Display Main Screen (Phase 1). 

Ability to Display a Private Message 

The possibilities for authentication are where the digital approach used in Hermes 

begins to contrast with traditional paper notes (see section 7.3.2 for a full discussion of the 

affordances considered in the design of Hermes). In order to explore the potential 

authentication affordances a door display owner was able to set a private message. Only 

visitors registered with the Hermes system (having a username and PIN) were able to 

authenticate themselves (as shown in Figure 3-4) in order to view a door display ownerôs 

private messages, this effectively meant that a private message could only be viewed by 

another Hermes door display owner. An example of the user interface showing a private 

message is shown in Figure 3-5. The design of the authentication screen was intended to be a 

simple as possible and therefore a PIN number was chosen so only a keypad was required on 

the screen. 
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Figure 3-4: Door Display Authentication 

Screen (Phase 1). 

 

Figure 3-5: Viewing Private Message on 

Door Display (Phase 1). 

Ability to Set Messages via a Web Portal 

The primary method provided for door display owners to set public and private 

messages was a web portal. This method was chosen to support remote interaction from a 

range of scenarios and could be accessed both on and off the Lancaster University campus 

using a web browser. The web portal required a door display owner to first complete an 

authentication process using a username and PIN (as shown in Figure 3-6) before use. After 

authentication the door display owner was presented with a screen similar to Figure 3-7 which 

allowed a textual public message to be typed in or chosen from a fixed selection (chosen by 

the system developers) using a ódrop downô selection box in order to help ease of use. Private 

messages were set in a similar manner. The design of the web portal was chosen to be a 

simple as possible and a PIN number was used for authentication as this method was already 

used at the door displays (as shown in Figure 3-4). Visitor notes were displayed on a separate 

web page accessible by clicking on an appropriately labelled button, this separation was made 

to ensure simplicity. In order to encourage owners to view the web page and see their visitor 

notes, the number of new messages was displayed above the button. Alternative designs 

would have included displaying the most recent visitor message or all visitor messages on the 

óLogged Inô page, but these designs would have slightly increased the complexity of the page.    
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Figure 3-6: Web Portal Login Page 

(Phase 1). 

 

Figure 3-7: Web Portal óLogged Inô Page 

(Phase 1). 

A door display owner could upload an image to be used as a public message by 

selecting the óUpload Imageô button (see Figure 3-7). The door display owner was then 

presented with a user interface similar to that shown in Figure 3-8 allowing the desired image 

to be found in the local file system, then use the óUploadô button to upload and set it as the 

current public message. Due to the limited computational resources and storage capacity of 

the door display hardware (discussed later in 3.5) it was necessary to impose an upper limit on 

the size of images set (in order to avoid long delays for images to appear on the door display 

user interface). Figure 3-9 shows how the web portal appeared with a public image set. 

 

Figure 3-8: Uploading a Public Image 

Message (Phase 1). 

 

Figure 3-9: A Public Image Message 

(Phase 1). 

Ability to Set Messages via SMS 

In addition to using the web portal to set a message, the owner of a Hermes door 

display could also use GSMôs SMS (Short Message Service) in order to set a textual public 

message, allowing interaction from a mobile device. This feature was motivated by one 
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system developer (and lecturer) by a fear of being late for meetings, who desired a simple 

mechanism for informing colleagues in this eventuality (this scenario was discussed in detail 

in section 1.1). An example of a display showing a typical message received via SMS is 

shown below in Figure 3-10. 

 

Figure 3-10: Example of a Public Message Sent via SMS (Phase 1). 

Reading Messages left by Visitors 

Once a door display owner had completed the authentication process on a door 

display (shown earlier in Figure 3-4), which need not be his or her own, he or she was able to 

view any visitor notes that have been left for them by visitors (visitor functionality is 

discussed in detail in the following section).  

The web portal also enabled the owner of a door display to read visitor notes. This 

web page was dynamically generated when accessed and displayed any visitor notes which 

had been left on the ownerôs Hermes display (and not yet deleted) in chronological order. In 

order to make the web page as simple as possible the notes were displayed full size (rather 

than, for example, using thumbnails and requiring the owner to select the desired note). As 

can be seen from Figure 3-11, this web page also identified the time and date that each 

message was left. This aspect of the Hermes system remained relatively unchanged during the 

deployment. 

 The identity of the person who left each message was also presented but, as with its 

traditional paper note counterpart, the Hermes system does not require visitors to authenticate 

themselves in order to leave a message. However, if the visitor authenticated themselves then 

the ownerôs task of replying to the message was simplified. By clicking on the appropriate 

button positioned alongside the authenticated message (e.g. the bottom message shown in 

Figure 3-11) the owner was presented with a partially completed e-mail form. This feature 

provided an additional affordance compared to paper notes, that of simplifying the process of 

replying to a message from a visitor. 
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Figure 3-11: Viewing Visitor Notes (Phase 1). 

3.7.4 Visitor  Functionality  

The Hermes system was designed such that a visitor to a door display could not 

access notes left by other visitors on that display. Hermes was designed in this way to remove 

the restriction of paper Post-it notes that all messages left by visitors are visible to passers-by. 

This feature was clearly enabled by this digital equivalent compared to paper notes and it was 

hoped that the feature would encourage visitors to leave notes. Additionally, if a visitorôs note 

remained visible this would cover any message the owner had left and scheduling the 

visibility of multiple messages would have increased user interface complexity.  

A restriction placed on the functionality available to visitors was that a visitor must be 

co-located with a Hermes display in order to leave a note; the design of this functionality was 

of course the same as a paper Post-it note. However, this restriction could easily be removed 

and potentially visitors could be allowed to leave messages remotely (though the aims of this 

work were not to replace technologies such as e-mail). This restriction was implemented 

following discussions with potential door display owners and also based on the preferences of 

the two owners in phase 1. 

In order to leave a visitor note on a Hermes display the visitor simply had to tap on 

the óNoteô button on the main Hermes interface (as shown in the bottom left of Figure 3-5 and 

Figure 3-3). Tapping on this button resulted in a change of mode in which a blank area was 

presented to the visitor on which he or she could óscribbleô a message using the touch 

sensitive screen with the attached stylus. The background colour of the area for the visitors to 

draw a note was yellow in colour very similar to that of a Post-it note and the motivation for 
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this was to help convey to the visitor that a note was left in the same way as a paper  Post-it 

note. An example of a message left by a visitor is shown in Figure 3-12. 

 

Figure 3-12: A Visitor Composing a Message at a Door Display (Phase 1). 

When the visitor had completed the message they simply tapped on the óSendô button 

and the display reverted to the main user interface mode. As soon as a visitor note was left at a 

door display, assuming the door display owner had a valid mobile phone number stored in his 

or her owner profile (owner profiles are discussed in detail in section 3.7.7), the owner 

received a notification via an SMS message. Visitors were not given any control over the 

sending of the SMS message and this additional functionality was hidden. This decision was 

made in order for the functionality appear analogous to a paper note, to avoid discouraging 

visitors from leaving messages and to reduce user interface complexity. While visitors to door 

displays were not the main focus of this work, making visitors aware of this feature may have 

produced some interesting results (and is an area for future work). For example, a visitor 

might decide not to leave a message they did not feel important enough warrant bothering the 

owner with an SMS message, conversely a visitor may leave multiple messages in order to 

draw attention to themselves.  

3.7.5 Early Design Decisions 

Several assumptions were made before development began which affected the 

architecture of the initial prototype. These can be summarised as: 

i) Use of an Experimental Wireless Network 

The location where the Hermes door displays were to be deployed was covered by 

several experimental wireless networks. It was assumed that these would be suitable for 

reliable network connectivity and would help ease of deployment. 
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ii)  Central Storage   

When designing Hermes (in spring 2002), available PDA devices had limited storage 

and processing resources, for example a Compaq iPAQ H3800 series [Hewlett Packard '05] 

had 64MB of RAM shared between both programs and storage. This amount of storage would 

have been too small to store large numbers of image files representing visitor notes and owner 

messages, in addition to storing log entries generated at regular intervals. Complete power 

loss also resulted in all data apart from the core operating system being lost. For these reasons 

a client-server architecture was adopted, with a server providing central storage of 

information. 

3.7.6 Overall System Architecture 

The overall system architecture of the Hermes system is illustrated in Figure 3-13, 

including the main components and the communication between them, colours indicating the 

different communication protocols (for simplicity the RMI registry running on the Central 

Server is not shown). In this thesis main software components are referenced in italics (for 

example: Central Agent). This figure is discussed in detail in the following sections. It is 

important to note the definitions of system components used throughout this thesis:- 

Central Server ï a single machine on which important software components required 

by the Hermes system were run (such as the Central Agent, Web Portal Servlets, and logging 

facilities). 

Door Display ï the interactive display hardware component (a PDA) deployed in a 

specialised housing (see Figure 3-2) outside an office door. 

Central Agent ï the óserverô software application which ran on the Central Server 

controlled and managed instances of the Client Agent application. 

Client Agent ï the óclientô software application which ran on door displays to provide 

a user interface (etc.). 

Web Portal Servlets ï a collection of Java Servlets which dynamically generated the 

HTML pages comprising the web portal . 
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Figure 3-13: Overall System Architecture (Phase 1). 

As the choice of programming language was Java (this decision was discussed in 

detail in section 3.6), the phase 1 architecture was developed using a client-server model with 

Java RMI for communication (the Central Agent being the server component and the Client 

Agent the client). This simple design enabled a functional prototype system to be developed 

and deployed quickly. The software architecture was not the main focus of this work and other 

remote procedure call technologies could have been used (such as CORBA [Object 

Management Group '06] which would have supported interoperability with other 

programming languages) or other communication models such as peer-to-peer (for example 

using JXTA [JXTA Project '06]) or web services [W3C Working Group '04]. However, use of 

these alternative technologies would have increased the development time required to 

implement a functional prototype. In order to make image files easily accessible throughout 

the system (to support owner message images and visitor notes) these were stored at the 

Central Server and made accessible via a HTTP server (as shown in Figure 3-13).  

3.7.7 Functionality Provided at the Central Server 

At the heart of the system was a single Central Server machine (see Figure 3-13) that 

provided the following key functions:  

i) centralised storage for visitor note images, owner message images and owner 

profiles, 

ii)  centralised storage of logs, 

iii)  communication with the SMS terminal, 

iv) the dynamic generation and publication of HTML web pages. 
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Centralised Storage of Messages and Owner Profiles 

Each door display owner had an owner profile that, during phase 1, held the 

information presented in Table 3-3. For ease of implementation this information was stored in 

a óflatô file that was read into Java Objects in memory when the Central Agent application 

started up.  

Data Purpose 

Unique user ID (iButton ID) iButton authentication and to address messages 

Username Used to log in on the web portal and on door displays 

PIN Used to log in on the web portal and on door displays 

Office Number Displayed at the top of the door display user interface 

Full Name  Displayed at the top of the door display user interface 

E-mail address For developers to contact door display owners 

Mobile Phone Number Identify SMS sender to update public message 

Public Textual Message Current textual public message 

Public Image Message The filename of the current public message image 

Private Textual Message Current textual private message 

Table 3-3: Information Stored in an Owner Profile (Phase 1). 

Public image messages and visitors notes were stored as individual image files at the 

Central Server and made accessible via a web server (as shown in Figure 3-13). Providing 

centralised storage at the Central Agent reduced the storage requirement on the limited PDA 

door display devices and was relatively reliable. However, this approach meant that 

communication with the Central Server was required in order to access or modify owner 

messages and visitor notes. 

Centralised Storage of Logs 

A log was kept of all actions that took place during deployment, this included: 

i) setting of public and private messages by owners, 

ii)  messages left by visitors, 

iii)  logins/logouts to the web portal and on door displays, 

iv) individual user interface component actions (e.g. clicking on buttons on the door 

display user interface).  

Due to the limited storage available at the door displays and continuous streams of 

information generated by logging, logs were stored at the Central Server via the Logging 

Agent (as shown in Figure 3-13). Textual information to be logged was sent to the Central 

Server over TCP sockets and an entry was then appended to the end of a single file. TCP 

sockets were chosen over, for example, RMI calls in order to introduce as little overhead as 

possible to the door displays. Each log entry contained three lines, the first containing details 
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of the sender, the next a timestamp and the third is the actual information received. A sample 

of a log file is shown in Figure 3-14. 

 

Figure 3-14: Extract from a Hermes Log (Phase 1). 

Sending and Receiving SMS Messages 

In order to support the reception of SMS messages, a Wavecom DB02 GSM terminal 

was used. The GSM terminal required a SIM card and messages were sent and received using 

a specialised AT command set sent over a serial connection. A piece of software for Linux  

called SMSLink [Andersson '05] was used to interface the GSM terminal, appending 

messages received to a plain text óinboxô file and allowing messages to be sent using a telnet 

session over TCP. The GSM terminal and SMSLink program are not shown in Figure 3-13 as 

a Java SMS Gateway application was used abstract over the SMSLink program. This 

simplified the sending/receiving of SMS messages to/from the Central Agent  and enabled the 

underlying implementation of SMS sending and receiving to change (i.e. by modifying the 

SMS Gateway application) without having to change the Central Agent.  

The inbox file created by SMSLink was parsed at regular intervals by the SMS 

Gateway application. New messages were passed to the Central Agent via a Java RMI 

callback [Sun '05a] and if a message received originated from a door display owner (matched 

using the information stored in owner profiles) the appropriate public textual message was 

changed to the contents of the SMS.  

Dynamic Generation of Web Pages 

The primary method for a door display owner to interact with his or her door display 

during phase 1 was through the Web Portal. This was a collection of web pages generated at 

the Central Server using Java Servlets hosted using Apache Tomcat [Apache Software 
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Foundation '05]. This enabled HTML pages to be generated dynamically through integration, 

using Sunôs Java Remote Method Invocation (RMI) [Sun '05a]), with the Central Agent 

application.  

Software Architecture 

Recall from section 3.3 that a phased development approach was used, this section 

documents the interaction between components in the software architecture during phase 1. In 

this thesis interfaces are referenced using a fixed-width font (for example: Central  Agent  

Interface ) and Objects in a different font (for example: UserData). 

Setting a Message at the Web Portal  

Figure 3-15 shows how the objects which made up the architecture of Hermes at the 

start of phase 1 interacted. It shows the four steps involved for a message set at the web portal 

to update the Central Agent, which then updates Client Agent (running on a door display). For 

simplicity, Figure 3-15 does not show the process of the Web Portal Servlets or Client Agent 

connecting to an RMI registry in order to lookup the remote Central Agent Interface  for 

the Central Agent (bound to the RMI Registry running on the Central Server previously).  

 

Figure 3-15: Object Interaction Diagram Showing 4 Steps (Phase 1). 

Step 1. Register Client Agent - This remote method call was performed as soon as the 

Client Agent application on a door display started, and again at regular intervals of 

5 minutes. A copy of the Client Agentôs remote interface (Client CallBacks 

Interface ) was passed to the Central Agent during this method call, allowing the 

Central Agent to perform Java RMI CallBacks on the Client Agent.  

Step 2. Get UserData - A door display ownerôs profile (containing public and private 

messages etc.) was stored in a UserData object at the Central Agent. A Client Agent 

retrieved of copy of its ownerôs UserData object as soon as it started in order to 

display the ownerôs name, office number (etc.) on the Client Agentôs user interface. 



57 

Additionally, at regular intervals a Client Agent checked with the Central Agent to 

see if the ownerôs public and private messages had changed. 

Step 3. Get UserData Object - After a door display owner had successfully authenticated 

with the web portalôs óLoginô Servlet (see Figure 3-6 for a screen shot) a cookie 

was generated by the óLoginô Servlet and stored at the door display ownerôs web 

browser. This cookie was then used to verify and identify the owner interacting 

with the Web Portal Servlets. Once the authentication step was complete, the 

ownerôs web browser was forwarded to the óLoggedInô Servlet (see Figure 3-7 for 

a screen shot). The self-contained óLoggedInô Servlet, invoked and managed by the 

Tomcat Servlet runner, used the óGet UserData Objectô method to retrieve the 

appropriate door display ownerôs UserData object from the Central Agent in order 

to generate a HTML page displaying the door display ownerôs current public and 

private messages (see Figure 3-7). 

Step 4a.     Update UserData Object - This remote method call was used by a Servlet to update 

a door display ownerôs UserData object stored at the Central Agent. When this 

remote method was called the Servlet passed the web browserôs Cookie (as 

described previously) along with the new information to the Central Agent. For 

example, this call was used when an authenticated door display owner using the 

óLoggedInô Servlet changed his or her public message and clicked óupdateô (see 

Figure 3-7). In this case, the óLoggedInô Servlet received the HTML post operation 

from the ownerôs web browser, detected which piece of information had changed 

and called the óUpdate UserData Objectô method as appropriate.  

Step 4b. UserData Object Update Callback - When the Central Agent received an óUpdate 

UserData Objectô call it firstly checked to see if it had previously received a 

óRegister Client Agentô remote call from the appropriate door display ownerôs 

Client Agent. If a óRegister Client Agentô call had been received, the Central Agent 

used the copy of the Client Agentôs remote interface (Client Callbacks 

Interface ) to perform a CallBack in order to notify the Client Agent that its 

ownerôs public or private message had changed. This allowed, for example, a new 

public message set at the Web Portal, to be reflected on the user interface of the 

appropriate door display within several seconds.  

Setting a Message Using SMS 

In addition to using the Web Portal, during phase 1 owners of Hermes door displays 

were able to set public messages using GSM SMS messages. Figure 3-16 shows the steps 

required for this to take place. For simplicity Figure 3-16 does not show the process of the 
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Central Agent connecting to an RMI registry in order to look up the remote SMS Generator 

Interface for the Java SMS Gateway (bound to the RMI Registry previously). The 

architecture of the Java SMS Gateway was event driven using Java RMI callbacks. When an 

SMS was received at the Java SMS Gateway an event was then received at the Central Agent 

via a remote method call.  

 

Figure 3-16: Object Interaction Diagram Showing 2 Steps (Phase 1). 

Step 1. Add SMS Listener - When the Central Agent started it immediately looked up the 

Java SMS Gatewayôs SMS Generator Interface  using a local RMI registry. Next 

it called the óAdd SMS Listenerô method on the SMS Gatewayôs remote interface, 

passing it a copy of its own SMS Listener Interface  remote interface. The SMS 

Gateway could now perform CallBacks on the remote SMS Listener Interface  of 

the Central Agent.  

Step 2. SMS Update CallBack - The SMS Gateway monitored a plain text óinboxô file to 

which all new SMS messages received are appended along with the associated 

information (time, sender, etc). When a new SMS message was received and 

appended to the inbox file the SMS Gateway decoded the entry and constructs a 

SMSMessage object. This object was then passed to the Central Agent via a CallBack 

using the remote SMS Listener Interface . This enabled the SMS Gateway to 

notify the Central Agent that a new SMS message had arrived immediately. Once 

the Central Agent had received an SMS Update CallBack remote method call, it 

compared the phone number stored in the SMSMessage object with those stored in 

ownersô UserData objects, in order to determine which Hermes door display owner 

sent the message. Once the number of the sender had been matched to an ownerôs 

UserData object his or her public message was updated. The Central Agent then 

attempted to notify the appropriate Client Agent instance in the same way as 

described in step 4b of Figure 3-15. 
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3.8 Deployment 
After development and rudimentary testing of the initial prototype, two door displays 

were deployed. One was deployed for a lecturer, the other for a research student (myself), 

both in the Computing Department at Lancaster University with offices on the same floor 

(Owners A and B in Figure 4-3 of chapter 5). Both of these initial door display owners were 

involved in the development of the Hermes system and as such were considered tolerant of 

failure (which is likely to be a common occurrence in an early experimental prototype [Fitton 

ó05]). Their proximity to the development process allowed these owners to informally 

evaluate the deployed system through regular use and feed information back into the design 

process quickly and easily. The disadvantage of this approach was that it was susceptible to 

the requirements capture problem of computer scientists developing systems purely for use by 

themselves and not taking into account other (perhaps less technical) users.  

The two door displays received use from both owners and visitors directly after 

deployment and the following section recounts an analysis of the first weeks of use.  

3.9 Emerging Issues 
This section firstly describes the salient low and high level issues that emerged from 

deployment of the phase 1 prototype, focussing on door display owners, these were: 

i) unreliability of the wireless network, 

ii)  unreliability of the door display platform, 

iii)  accidental/malicious overwriting of owner messages by visitors, 

iv) trust/dependability, 

v) ease of use, 

vi) point of realisation. 

This information was used to inform the new requirements discussed in section 3.10 

and used in future prototyping phases (described in chapter 4). 

3.9.1 Unreliability of the Wireless Network 

One interesting problem, that  only became  apparent  when the  door display  units 

were deployed, was that of severe 802.11 wireless network signal degradation when multiple 

people stood in front of a Hermes display. In such circumstances visitors essentially acted as 

ólarge bags of waterô and absorbed sufficient 802.11 signal to break network connectivity 

between a door display and the Central Server.  This had a severe impact on functionality with 

the affected Hermes display, preventing messages set by owners appearing and the delivery of 
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notes left by visitors. This problem could clearly damage trust and negatively impact 

adoption. The severity of this situation was exacerbated by the fact that no appropriate visual 

feedback was displayed to indicate the reduced functionality. 

  

Figure 3-17: Informing the User of a Delay (Phase 1). 

In order to help address this problem the Client Agent was modified so that when an 

Java RMI call over the wireless network to the Central Agent failed (likely caused by 

temporary degradation in wireless network signal) after a short delay the operation was 

attempted again up to a maximum of three times. Due to the relatively long amount of time 

each RMI call could potentially take to fail, and the fact that the user interface would not 

respond during this time, a óplease waitô screen (see Figure 3-17) was introduced to help 

provide feedback to the user that the application was óbusyô. This design was chosen primarily 

for simplicity in terms of implementation and in terms conveying the state of the application 

to the user.   

3.9.2 Unreliability of the Door Display Platform 

An additional problem that only became apparent after deployment of the prototype 

door display was unreliability of the door display platform. Many crashes and associated 

problems encountered after deployment were caused by the Java VM, drivers for the wireless 

network cards and the PocketPC operating system. Individually or together, running 

continually, these elements have proved a source of instability. Much of this instability was 

attributed to the unusual use of this platform, perhaps not having been designed or tested 

under circumstances running continually for long periods. A common problem which caused 

door displays to crash was attributed to a faulty garbage collection mechanism in the Java VM 

leading to memory problems. 
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3.9.3 Overwriting of Owner Message by Visitors 

This early version of the system enabled visitors to walk away from a door display 

with the screen still showing a visitor note by simply not pressing the óFinishô button. This 

situation posed significant problems. The fact that visitor notes could remain on the screen 

went against the decision that notes left by visitors should not be public (this design decision 

was discussed earlier in section 3.7.4). Another consequence of this situation was that the 

ownerôs message would not be publicly visible while the visitorôs note remained on the 

screen. However, the most important consequence of  this  situation was  the  adverse  effect 

on  the  ownerôs  trust in  the security of  the system which could potentially have a negative 

impact on adoption.  

This problem raised the issue of owner vs. visitor authorship when displaying 

information publicly. This issue was especially interesting as a door display óbelongsô to the 

office occupant so occluding a message left by the door display owner seems analogous to 

graffiti (the shortcoming described here certainly enabled that behaviour). However, it is 

possible to construct scenarios where this type of functionality (allowing a visitor to 

appropriate a display) may not be a shortcoming, for example if a member of staff were away 

ill and unable to update his or her doorplate another member of staff would be able do this for 

them (as is the case with Post-it notes: see section 3.2 for further discussion of the use of Post-

it notes within the Computing Department at Lancaster). From the content and frequency of 

the messages, this problem of malicious overwriting of owner messages appeared to be a 

single or small minority of pranksters attempting to play a joke on the door display owners or 

system developers, in which case this was perhaps unlikely to be a long-term problem.  

3.9.4 Trust/Dependability 

One key issue which seemed to be linked directly to dependability was that of trust: a 

door display owner or visitor would only bother to adopt a new system as part of his or her 

daily routines if they trusted that it worked correctly (i.e. they perceived it to be dependable). 

This seems a logical requirement from a door display owner's point of view but in order to 

ensure that the owner does not encounter failure, which may in turn damage trust, very high 

levels of reliability are required (additionally, feedback on system status might help prevent 

encounters of failure). The two factors of dependability and trust appeared to have a large 

impact on use for both the door display owners and visitors. 

Initially , the two door display owners (despite being developers) were quite sceptical 

about trusting that a message set would actually appear outside their respective office doors. 

This scepticism was justified given that during this early development phase system reliability 
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was poor (as discussed in the previous sections) and in one case a paper note was placed next 

to a working door display.  

  

Figure 3-18: Informing the User of Failure (Phase 1). 

Two properties paper notes and message ówhirlersô have, which are different to those 

provided by a system such as Hermes, are that it is clear when they are working and there is 

no hidden complexity. If the Client Agent Application could not contact the Central Agent 

upon start up, an error message was displayed (see Figure 3-18). However, no other indication 

of lost connectivity was given to owners or visitors. For example, if a Client Agent failed to 

send a visitorôs note to the Central Agent, after óSendô had been pressed, the user interface 

would return to the ómainô mode. Conversely, if a visitorôs note was successfully delivered to 

the Central Agent the user interface would also return to the ómainô mode.  

Providing system state information to users such as visitors to Hermes door displays 

is an interesting issue. For example, a visitor may not want to wait at a door display for some 

form of notification that his or her visitor note had been delivered. However, some form of 

simple status information might be helpful to both visitors and owners attempting to use a 

Hermes door display and highlights an issue for investigation in the future. 

3.9.5 Ease of Use 

In order to encourage initial adoption and maintain use of the prototype door displays, 

ease of use was an important issue to consider. Features that were time consuming or difficult 

to use and appeared to provide little benefit were likely to be rejected by owners, one example 

being the private messages function which required the visitor to authenticate themselves. The 

ability to set messages and read visitor notes from remote locations using the web portal, for 

example when attending foreign conferences, was clearly useful.  The only problem that arose 

was that initially it was awkward for owners to remember the appropriate web address (which 

was long and included an additional port number). A visitor to a door display needed to be 
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able to leave a message without any prior knowledge of the system and investigation of logs 

collected during this initial deployment indicated that visitors with no prior knowledge of 

Hermes had left visitor notes.  

When an owner chose to view visitor notes at a door display in phase 1 (the design of 

this feature was discussed earlier in section 3.7.3) the most recent note was displayed along 

with óPreviousô and óNextô buttons for navigation. One owner commented that this was a poor 

design and far better implementation would be a table listing all visitor notes ordered by date 

along with some form of indication on whether a note was new, therefore improving ease of 

use. 

3.9.6 Point of Realisation 

One problem associated with the use of the web interface for setting messages was 

that unless the web page happened to be a foreground window on an owner's desktop then no 

visual prompting was provided to remind the owner to set a message. Consequently, the early 

Hermes owners found that they would leave their offices without setting a message, see the 

door display, realise that they had not set a message and then be forced to return to the office 

to leave a message via the web interface (or not leave a message at all). Therefore, in order to 

encourage initial adoption and maintain use, a range of appropriate methods for door display 

owners were necessary.  

3.10 New Requirements 
This section presents new requirements derived from analysis of the lessons learned 

and emerging issues from the deployment of the phase 1 prototype.  

3.10.1 High Dependability 

It was clear from the initial phase that owners perceptions of dependability were a 

very important issue when deploying the door display prototypes for regular everyday use. 

Tightly coupled with this was the notion of trust: if door display owners did not trust that 

messages set on their door displays would appear, they were unlikely to expend effort to use 

the system. If regular use was not maintained door display owners were likely to discard the 

system and not adopt it into their daily routines: which was one of the main aims of this work 

(the aims of this work are presented in section 1.5).  

A second issue tightly coupled with dependability was reliability (i.e. the failure rate). 

From the deployment of the phase 1 prototype, it became clear that reliability of the software 

platform and of the network infrastructure required improvements in order to encourage and 
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maintain use. Improvements to reliability and providing feedback on failure are some of the 

primary aims for following phases (see Chapter 4).  

3.10.2 Appropriate Interaction Methods  

Feedback from the two door display owners during phase 1 indicated that the web 

portal was perhaps not suitable as a primary means of interaction. From this early stage of 

deployment it became clear that appropriate methods of interaction to lower barriers to use 

were essential to encourage adoption, and the design of these should be a goal of later phases. 

Appropriate methods of interaction can be considered in terms of two factors, existing daily 

routines and ease of use. 

If the system does not fit easily into door display ownersô existing daily routines too 

much effort may be required on the part of the owner to change them. Use of Hermes was not 

mandated, so a door display owner altering daily routines (a potentially time and effort 

intensive task) was optional and therefore unlikely to take place unless a benefit was 

perceived [Markus '90]. Consistent with the aim of using user-centred design approach 

(section 1.5 chapter 1) interaction methods, enabled by this digital equivalent to the traditional 

Post-it note, needed be explored in conjunction with feedback from door display owners. For 

example, enabling interaction with Hermes from technologies which door display owners 

already used on a regular basis (for example e-mail, instant messaging technologies etc.).  

An important aspect of supporting adoption was the provision of interaction methods 

which were simple to use and accessible from a range of locations. During phase 1 the two 

display owners found that use of the web portal was very time consuming (opening a web 

browser, entering to the correct URL, entering username and PIN etc.) and a method of 

interaction when co-located with a door display was required. This was because the action of 

closing an office door when leaving an office often acted as a trigger to remind the door 

display owner to leave a message (highlighting the issue of point of realisation/opportunity 

discussed further in section 6.9.6). The frustration caused to an owner by having to re-enter 

the office (in order to set a message) suggested the need to extend the ways in which a 

message could be set to include the door display user interface.  

3.10.3 Door Display User Interface Timeout  

From the deployment of the phase 1 prototype it was clear that some mechanism was 

required to return the door display user interface to the ómainô mode (see Figure 3-3), if it was 

left in any other mode, after a period of inactivity. As discovered, this was necessary to 

prevent a door display ownerôs public message being hidden by a visitor note and breaking the 
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policy of visitor messages being private. Additionally the user interface could potentially be 

left in the óloginô or ólogged inô modes with similar consequences.  

3.11 Summary 
This chapter has presented the initial requirements, design, implementation and 

deployment of phase 1 of the Hermes system. The door displays themselves were based 

around a PDA device housed in a custom-made case and a Java application designed to 

support a limited range of functionality (in order to help support the aim of providing an 

information appliance).  

The deployment in phase 1 for two ófriendlyô door display owners (members of the 

development team) was successful in terms of exposing important issues and new 

requirements. While these owners may not have been entirely representative of a range of 

typical owners within the Computing Department at Lancaster University, they provided an 

excellent environment where the prototypes could receive approximate óreal worldô use but 

where problems such as failure would not affect future use and feedback was received quickly 

[Fitton ó05].  

The issues which emerged from this initial deployment, such as unforeseen hardware 

problems, user interface and usability issues did not surface during testing and use in the lab; 

this demonstrated the value of deployment and use in the óreal worldô.  

The issues that emerged during phase 1 were used to generate new requirements for 

additional deployment phases, some applying to specific features and functionality (for 

example the need to improve the current interaction model) and others being more general in 

the context of the system (for example the need for high dependability and appropriate 

interaction methods for door display owners in order to encourage adoption). In the following 

chapter the next phases of the development of Hermes are discussed. 
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Chapter 4  

The Evolution of Hermes 

4.1 Introduction  
This chapter details the evolution of the Hermes system following on from the initial 

phase 1 deployment. The development of Hermes focussed primarily on door display owners  

(designing functionality in order to lower their barriers to use) in order to explore the aims of 

this thesis to investigate adoption and use. Firstly, background information about the owners 

of door displays during deployment is provided. Next, each of the five remaining phases of 

Hermes are presented, including an explanation of each major modification and an analysis. 

Following this, the issue of reliability is examined though a discussion of the primary 

reliability problems encountered during deployment and solutions. Finally, a discussion of the 

user-centred design approach used during development is given. 

4.2 The Later Development Phases of Hermes 
The development phases of Hermes are shown in Figure 4-1 with bars representing 

development and deployment in each phase. In the following sections phases 2-6 of 

development are described individually each with a summary of the major changes and an 

analysis. A detailed log of all changes made to the Hermes system is provided in appendix A. 
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Figure 4-1: The Development Phases of Hermes. 

The deployment of Hermes reached a maximum of ten door displays and lasted 

approximately twenty-seven months, with twelve different door display owners during that 

time. These owners have included a head of department, a professor, two lecturers, three 

senior lecturers, four secretaries, one research student and a research fellow. Figure 4-2 

summarises the twelve Hermes owners along with the length of time that they had a door 

display, this information is also shown in Figure 4-3 as a Gantt chart. 

ID  Description Start Date End Date Deployment/ Days 

A Senior Lecturer 26/03/2002 16/07/2004 843 

B Research Student 06/05/2002 16/07/2004 802 

C Secretary 20/07/2002 26/05/2004 676 

D Lecturer 14/08/2002 19/07/2004 705 

E Professor 23/08/2002 30/07/2004 707 

F Senior Lecturer 03/11/2002 16/07/2004 621 

G Head of Department 03/11/2002 30/07/2003 269 

H Senior Lecturer 03/11/2002 30/07/2004 635 

I Sociologist 08/11/2002 05/05/2004 544 

J Secretary 23/05/2003 17/07/2004 421 

K Lecturer (part time) 05/10/2003 19/07/2004 288 

L Departmental Officer 03/06/2004 16/07/2004 43 

M Secretary 03/06/2004 19/07/2004 46 

Figure 4-2: Hermes Door Display Owners. 
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Figure 4-3: Deployment of Hermes Door Displays. 

The main motivation for the aims of the phase 2 ï 6 of Hermes were driven by the 

aims of this thesis (to investigate adoption and use of Hermes from door display owners) and 

included:  

¶ addition or refinement of functionality in order to lower barriers to use from owners 

(for example, to help Hermes fit with ownerôs existing routines) to help support 

adoption, 

¶ improvements to reliability in order to help maintain owner trust and support adoption, 

¶ expansion of the door display deployment.  

4.3 Phase 2 
During this phase the number of deployed units was increased from two to five 

(owners C, D and E from Figure 4-2). The primary objective of phase 2 was to improve 

ownersô perceptions of the dependability of Hermes in order to encourage use, as this was 

identified as a key requirement in the previous phase. This was done by improving system 

reliability (see section 4.3.1) and addressing usability problems reported by the two door 

display owners in phase 1 that affected trust (see section 4.3.2). Informal feedback from door 

display owners was also used to design new features in order to help support adoption. For 

example, one comment that a door display did not allow the expressivity provided by a paper 

note resulted in the feature described in section 4.3.3. Comments from owners that it was too 
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difficult to authenticate and view visitor notes at a door display resulted in the implementation 

of features described in sections 4.3.4 and 4.3.5.  

Prior to deployment of a door display each new owner was asked to óregisterô via a 

web page, where he or she input information such as name, a username, a PIN, a ódefaultô 

public and private message in order to create and populate an owner profile. When deploying 

a door display the new owner was given an induction that consisted of an explanation of each 

aspect of the Hermes system and a demonstration of all the interaction methods. Figure 4-4 

shows the deployment of three Hermes displays in close proximity along one corridor. 

 

Figure 4-4: Deployed Hermes Door Displays (Phase 2). 

4.3.1 Improving Reliability  

In addition to code analysis (discovery of memory leaks, etc.) the problem of poor 

wireless network signal (as discussed in detail in section 3.9.1) was tackled by modifying the 

door display case design. In phase 1 the case was an enclosed aluminium box and the 

shielding effect caused by this design reduced the wireless network signal. After 

experimentation it was found that providing a window in the top of the case reduced this 

shielding effect (Figure 4-5) and all door display cases were modified (this modification  is 

discussed in detail later in section 4.8.1). 
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Figure 4-5: Modified Case Top with iButton Reader (Phase 2). 

4.3.2 Improving Trust  

In phase1 it was found that pranksters would overwrite an ownerôs public message by 

simple not selecting ófinishô after drawing a note and a requirement emerged to solve this 

problem (this is discussed in detail in section 3.10.3). An upper time limit was placed on the 

period that the óvisitor note compositionô mode could be displayed. When this time limit was 

reached the Client Agent user interface would return to its ómainô mode and discard the visitor 

note. The decision was made to discard rather than deliver visitor note after the timeout so that 

notes left by the prankster (containing offensive material) were not be delivered to owners. 

The time limit was also imposed on other aspects of the user interface, for example, if an 

owner did not ólog outô after authentication this was automatically done after a short period of 

inactivity. 

4.3.3 Creating a Freehand Message 

After a request from one owner (E in Figure 4-2, who was also involved in work on 

the Hermes project) that the current functionality did not provide the same expressiveness as 

his previous paper notes (see section 6.9.8 of this thesis for more discussion of the issue of 

expressivity) the Client Agent was modified to allow an owner to create a freehand message at 

his or her door display (in order to help support adoption from this owner). This option was 

available once an owner had successfully completed the authentication process. Figure 4-6 

shows an example of a freehand message composed by the owner who requested this feature.  
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Figure 4-6: Enabling the Hermes Owner to Compose a Freehand Message (Phase 2). 

4.3.4 iButton based Authentication 

The first door displays to be deployed were equipped with iButton readers (and the 

hardware and software platforms were chosen to support this technology, see sections 3.5 and 

3.6 for further discussion), the motivation for this feature was to help lower the cost of 

authentication and therefore lower the barriers to use. However, the appropriate software 

support was only completed during phase 2. Immediately after an owner (or potentially a 

visitor) docked his or her iButton with a reader the authentication process was automatically 

completed.  

4.3.5 Viewing Visitor Notes 

In response to comments from one owner during phase 1 they found the method for 

viewing visitor notes at a door display difficult to use, the interface shown in Figure 4-7 was 

designed which included a table displaying the sender, a timestamp of when the note was left 

and an indication (an asterisk in the far right column) of whether the note had been viewed 

previously.  Owners then used the stylus (or a fingernail) in order to select the desired visitor 

note by pressing anywhere in the desired row. The use of a table was suggested by a door 

display owner but equally appropriate designs might have included a collection thumbnails 

allowing an owners to select a thumbnail to see the full size note and further information. 



72 

 

Figure 4-7: Viewing Messages Left by Visitors (Phase 2). 

4.3.6 Analysis of Phase 2 

Only one of the five Hermes display owners made use of the freehand message 

drawing facility described in section 4.3.3 (the owner who requested the feature) but this 

increased his use of Hermes and helped him adopt the system as part of his daily routines. His 

reason for using this facility was largely due to the extra freedom for creativity that freehand 

drawing permitted and, in part, due to the previous use he made of a selection of hand drawn 

paper notes. This owner used the freehand message drawing facility almost exclusively and it 

was his default method for setting a message.  

During this phase it was found that the introduction of iButtons did not prove an 

acceptable tool to lower the barriers to authentication or increase the extent to which 

authentication took place. However, it should be noted that only enough hardware was 

available to equip three door displays with iButton readers (the first three deployed) and only 

four owners had iButtons. Additionally, there were only three reasons for an owner to 

authenticate with a door display: to view a private message, to view notes left by visitors and 

to leave a freehand public message. Out of all three functions, only the latter was regularly 

used and this was by a single owner. However, early unreliability problems meant that he 

completely rejected the use of his iButton as an authentication method. Additionally, this 

owner experienced several failures when attempting to use the SMS interaction method (the 

design of the SMS interaction method is described in detail in section 3.7.3) and rejected SMS 

as an interaction method too. A different owner commented that he found the overall 

experience of using his iButton for authentication (requiring him to remove and replace the 

bunch of keys in his pocket to which the iButton was attached) simply too awkward to use on 
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a regular basis. These examples highlight the impact of trust-damaging experiences of failure 

on adoption. 

The use of iButtons for authentication also proved unsuitable as two technical 

problems emerged during development. Firstly, due to the low processing power available on 

the door display devices, an owner had to wait several seconds after docking his or her 

iButton for the authentication process to complete. Secondly, the introduction of additional 

software libraries to support the iButton reader significantly reduced the reliability of iButton 

equipped door displays.  

During this phase, a number of owners commented that they disliked the interaction 

model for setting a public message. An owner would set a public message that effectively 

acted as a ódefaultô message, e.g. a ócuteô picture or a simple text message such as ñXôs 

Officeò. As necessary, the owner would change this message to something more transient, 

such as ñGone for coffeeò. Clearly, the owner would only want this latter kind of message to 

be displayed temporarily before he or she would wish to revert back to the ódefaultô public 

message. However, in order to remove a ótemporaryô message an owner had to re-set his or 

her public message back to the preferred ódefaultô message (as shown in Figure 4-8). This 

meant that the same ódefaultô message was set repeatedly, frustrating owners. This issue 

highlighted the importance of lower barriers to use to enable adoption from owners.  

Please scribble me a note 

if Iôm not in and Iôll get 

back to you!

Gone to the Post Office 

ï back in 5 minutes 

(have got my mobile)

Please scribble me a 

note if Iôm not in and 

Iôll get back to you!

óDefaultô Message óTemporaryô Message óDefaultô Message

Set Public Message Set Public Message

 

Figure 4-8: The Problem of 'temporary' and 'default' Messages (Phase 2). 

Two owners in particular criticised the system for only enabling the reading of notes 

left by visitors via a web page or a Hermes display. These owners commented that this 

approach was not always appropriate and simply required too much effort if the corresponding 

web page was not already open. It was suggested that an alternative mechanism for reading 

messages should also be available that would not require significant additional effort on the 

part of the owner. 
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4.4 Phase 3 
During this phase, the number of deployed door displays was increased from five to 

ten (owners F, G, H, I, and J from Figure 4-2). As discussed in the analysis of phase 2 (section 

4.3.6), several owners found the interaction model for setting public messages frustrating and 

in order to address this, the notion of ótemporaryô messages was introduced (section 4.4.1).  

In response to criticism from a number of owners that the web portal had to be used in 

order to read visitor notes (section 4.4.1), and requests from two owners in particular, e-mail 

integration was added allowing visitor notes to be e-mailed to owners (section 4.4.2). The e-

mail integration also enabled owners to set temporary messages remotely in order to support 

adoption from staff who notified others of absence by e-mailing the departmental mailing list 

(a common practice among secretaries in the Computing Department, as discussed in section 

6.6.3) and to further assist adoption by owners. 

A technical change was made to improve the logging functionality (section 4.4.3) and 

door display owners were allowed to view and change their owner profile via the web portal 

(section 4.4.4).  

4.4.1 Supporting Temporary Messages 

The notion of temporary and default messages was introduced in an attempt to create 

a simple procedure for enabling an owner to revert back to a ódefaultô public message when 

his or her ótemporaryô was no longer appropriate. The way in which this aspect of the system 

worked was quite simple: when an owner chose to remove his or her temporary message the 

previously set default message was displayed. This is analogous to physically removing a 

Post-it note to reveal a message or picture which has been hidden behind it. The intention was 

to help encourage adoption from door displays owner by providing a sufficiently low effort 

method of sharing a message (the issue of control vs. effort is discussed in detail in section 

6.9.10).  
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Figure 4-9: The Modified Hermes Web Interface (Phase 3). 

As can be seen from Figure 4-9, the modified interface enabled the owner to specify a 

default message. Typically, this took the form of a picture (as in the example shown) or a 

textual message such as ñJohnôs Office ï Please leave a messageò. Beneath this section of the 

interface the owner was able to specify a temporary message. The door display owner still had 

the choice of selecting a message from a list of preset messages or entering free text. In the 

example shown in Figure 4-9 the temporary message field reflected a temporary message that 

the owner had entered remotely via SMS but had not yet been removed. A temporary image 

had the highest visibility precedence, followed by temporary textual, followed by default 

image and finally default textual. Image messages were given a higher precedence that textual 

messages in order to help simplify the web portal user interface (i.e. an owner cannot see the 

options to configure a textual message when an image is configured). 

Given the existing functionality this modification seemed logical and discussion with 

door display owners revealed a positive response to the design. One alternative design 

possibility would have been to force owners to use an image as a default message and only 

allow textual temporary messages, however this would have reduced expressivity.   

Having removed the private message feature implemented during the development of 

phase 1, the intention was to return to exploring the notion of private messages when a 

suitably low effort (for the owner) and timely authentication method (for the visitor) became 

available. 

4.4.2 E-mail Interaction 

In order to address the comments of owners described earlier in this section, the 

system was modified such that every time a new visitor note was left on an ownerôs display a 
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HTML based e-mail would be sent to the owner containing an image of the message. A screen 

shot example of a Hermes email message viewed with a typical email client is shown in 

Figure 4-10. Additionally, the e-mail interaction method enabled a door display owner to 

update his or her current temporary textual message by sending an e-mail (either textual or 

with an image file attached) to a predefined e-mail address. Enabling images attached to e-

mail messages to be set as a temporary message also meant that an owner could update his or 

her door display using a mobile phone via MMS (Multimedia Messaging System) as an e-mail 

address can be entered as a MMS message destination. These two remote interaction 

mechanisms demonstrated affordances provided by a digital approach (compared to the 

traditional paper based approach). See section 7.3.2 for a full discussion of the affordances 

provided by Hermes.  

 

Figure 4-10: Receiving Hermes Messages via E-mail (Phase 3). 

4.4.3 Improvement to the Logging System  

During this phase an oversight in the design of the logging system was discovered 

whereby log messages sent from door displays were intended to be identified using the 

originating IP address. However, problems with the wireless network led to the IP addresses 

of door displays (assigned via DHCP) changing on a regular basis which made it impossible 

to identify the door displays from which log messages originated. During phase 3 the 

opportunity was taken to carefully redesign the format of the logs to include more information 

and to improve the way in which information was appended to the log file in order to aid later 

analysis (see Appendix B for an example of a generated log file). 

4.4.4 Access to Owner Profiles 

During phase 3 the web portal was modified in order to allow an owner to modify his 

or her owner profile. The main motivation for this was to allow owners to tailor the 

functionality of Hermes primarily by enabling or disabling notification of new visitor notes 
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via SMS and e-mail. One additional advantage of this was that owners could now alter 

personal information (such as e-mail address, mobile phone number etc.) without needing to 

contact the system administrator. It should be noted that for simplicity of implementation 

changes to owner profiles were stored in the Central Agent application using Java objects 

(residing in main memory); the configuration file was not updated. 

4.4.5 Analysis of Phase 3 

After deployment, informal feedback from owners demonstrated a positive attitude 

towards the notion of default and temporary messages (section 4.4.1) and the delivery of 

visitorsô notes via e-mail (section 4.4.2). However, five of the ten owners commented, 

informally, that the effort required to set and remove messages (primarily the latter) was still 

too great, implying that to encourage owners to adopt the Hermes system and use it to share 

context the barriers to use must be lowered further. 

Unfortunately, the general reliability of the system during this phase was still of 

insufficient quality. When a door display failed, it was up to the owner of the display to notice 

that it was not functioning correctly and provide feedback to the system administrator. This 

was entirely the wrong approach. Firstly, it was not always apparent to an owner when his or 

her display stopped functioning correctly. Secondly, staff in the department tended to be 

extremely busy and (quite rightly) would not always give priority to notifying the system 

administrator. Thirdly, such reliability problems can greatly reduce the perceived 

dependability of the system and, consequently, have a detrimental effect on adoption and use. 

The redesign of the logging system, especially the logging format, was an important 

step as the majority of the logs generated previously were of very little use, the originating 

door display (and hence owner) effectively not being attached to log entries. The design 

considerations for the logging system are discussed further in section 5.3 of chapter 5.  

4.5 Phase 4 
The main goals of this phase were two-fold, firstly to use ownersô comments to help 

enable adoption by lowering barriers to use. This was done by providing a feature to allow 

temporary messages to be quickly and simply set and removed (section 4.5.1) at a door 

display. Secondly, to tackle some of the reliability problems that harmed ownersô trust 

(section 4.5.2). Additionally, the web portal was modified in order to encourage owners to 

personalise door displays (section 4.5.3) and, in order to fulfil his specific requirements, one 

enterprising door display owner built his own tangible user interface (section 4.5.4). During 

this phase, a PDA unit from a door display was stolen and, consequently, steps were taken to 

improve the physical security of the displays (section 4.5.5). A questionnaire was given to 
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door display owners at the start of this phase in order to investigate potential new features, this 

is discussed in more detail in section 4.10.1.    

4.5.1 Removing and Setting Messages via a Door 

Display  

When the notion of temporary messages was first introduced in phase 3, owners 

commented that the effort required to remove a temporary message was still too great. Several 

door display owners (five out of ten) commented, informally, that the door displays were 

ideally placed to allow a message to be configured when entering or leaving an office but that 

they were forced to use other interaction methods (for example the web portal or e-mail). Prior 

to phase 4, the procedure to set a temporary message at a door display was relatively 

cumbersome (given the need to carry out an authentication process and draw a message by 

hand) and was only used by a single owner in order to gain the level of expressivity he desired 

(see section 4.3.3 for further discussion of this owner). The comments highlight some key 

problems that needed to be addressed to encourage adoption.  

The chosen solution was to enable owners to set temporary messages using the 

interface shown in Figure 4-11. If the middle part of the screen was touched for a short period 

of time, the interface shown in Figure 4-11 was displayed, an owner could then touch the 

desired temporary message to set it (or óAbandonô). The system was modified to enable 

owners to remove temporary messages by touching the screen for a short period of time. The 

óscreen touchô period for setting and removing messages was preset at one second but which 

could be set by a door display owner via his or her owner profile.  

  

Figure 4-11: Temporary Messages Door Display Interface (Phase 4). 

The labelling of buttons depicted in Figure 4-11 illustrates how a door display owner 

could select from a choice of prescribed temporary messages. The prescribed temporary 

messages were stored in the door display ownerôs profile and, as such, could be personalised 
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using the web portal (as shown in Figure 4-12). In order to make the buttons tall enough to be 

easily pressed with a finger only five could be displayed on the screen at once, if the owner 

had configured more than five messages a scroll bar had to be used. 

 

Figure 4-12: Configuring a Predefined Temporary Message List (Phase 4). 

When designing this solution an interesting conundrum involving a security vs. ease 

of use trade-off was encountered. To make the task of setting a temporary message as simple 

as possible it was decided not to force an owner to authenticate themselves. This decision 

simplified the ownerôs task of setting a temporary message. However, an obvious implication 

of this was that the security of the door display was compromised as any visitor to a door 

display with knowledge of this feature could remove or set a temporary message. By 

prescribing the temporary messages that could potentially be set by an unauthenticated 

visitor/owner (i.e. by not allowing an unauthenticated visitor to enter a freehand message) this 

removes the potential danger for óprankô or óinappropriateô content being left publicly visible 

(as described in section 3.9.3 of chapter 3). It was found that this feature allayed ownersô fears 

of unauthenticated visitors changing the current temporary message (as only messages chosen 

by owners could be set) especially when owners realised that this trading-off of security for 

ease of use enabled a temporary message to be set at a door display with such little effort (the 

issue of control vs. effort is discussed later in section 6.9.10).  

These features were designed to provide a simple means for an owner to configure 

messages using his or her door display with a very small  amount of effort in order to 

encourage regular context sharing using Hermes (the issue of control vs. effort is discussed in 

detail in section 6.9.10). A questionnaire given to Hermes owners during this phase (the 

results of which are shown in Appendix C and discussed later in section 4.10.1) was used to 

gain owner feedback before implementation. However, one possible low effort alternative 

would have been to use some form of location awareness technology (for example active 
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badges [Harper '92]) to monitor when an owner has left his or her office and automatically set 

a message (e.g. to set óOut to Lunchô if an office is left between 12:00-13:00). While this 

design would have required little or no effort on the part of the owner and increased security, 

many owners were not keen to have their location tracked (as discussed in the results to the 

owner questionnaire in section 4.10.1) and this would have been very costly to develop and 

deploy. Alternatives to the user interface used to set a message (shown in Figure 4-11) would 

have included thumbnails allowing images to be set or even allowing more descriptive 

messages to be constructed by selecting the appropriate words from a list (e.g. ñGone for 

{lunch, coffee, meeting} back in {5 minutes, 10 minutes, 15 minutes}ò etc.). While 

alternatives such as these may have increased expressivity they were discarded as a key aim 

was to maintain simple functionality and user interfaces.  

4.5.2 Increasing System Dependability 

In order to help improve system dependability an additional Management Agent 

component was added (discussed in detail in section 4.9) which included functionality to 

detect and provide feedback on the failure of door displays. The motivation for providing this 

feedback to owners was to help avoid potentially trust damaging scenarios where an owner 

might attempt to interact with a non-working door display. 

4.5.3 Encouraging Personalisation  

The majority of door display owners did not set informative text or an image for a 

default message. Consequently, door displays not having a temporary message set appeared to 

always display the same message (for example ñLeave me a messageò or ñXôs officeò) which 

was unlikely to attract an owners attention and help remind them to use Hermes. In an attempt 

to address this issue owners were encouraged to set a visually attractive picture as a default 

message, also effectively promoting personalisation. Ten thumbnail images were included on 

the main óLogged Inô page of the web portal (Figure 4-13) and clicking on these set the full-

size image as the ownerôs current default image message. This design was chosen as a simple 

and low cost method to support personalisation in this way. The right had side of the main 

web portal page was chosen to ensure it did not demand an owners attention but was still 

easily visible. Alternatives would have included automatically changing all owners default 

image (for example to the Lancaster University logo) or prompting the owner to ask if they 

would like to set a default image, both of these options were discarded as they may have 

irritated owners. 
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Figure 4-13: Encouraging Owners to Use Pictorial Default Messages (Phase 4). 

4.5.4 A Tangible User Interface 

Interestingly, some owners commented that the Hermes display itself did not provide 

an appropriate/sufficient visual prompt for setting a message. Indeed, one owner in particular 

commented that although he was a strong advocate of the Hermes concept he found that he 

frequently forgot to set a message because he tended not to notice his door display when 

leaving his office. This particular owner solved this problem through the development of an 

additional tangible user interface. This allowed him to set predefined messages extremely 

quickly and the tangible interface could be placed in an appropriate location (for example 

highly visible location to act as reminder) to fit in with his existing daily routines. This can be 

seen as an extreme case of domestication: adapting technology to particular features of a 

domain and developing new forms of use [Fleck '88].  

The hardware component (shown in Figure 4-14) provided an additional set of 

physical buttons (each with associated LEDs to provide feedback to the owner when a button 

was pressed) each of which allowed a specific, tailorable, state to be selected. This device was 

constructed using a PIC 16F628 microcontroller and RS232 serial driver. Key presses were 

conveyed to the ownerôs desktop PC via a serial line, where they were read by a custom built 

Windows .NET service. Key presses were subsequently interpreted and automatically used to 

configure the Hermes system via the web portal.  

Several different physical positions were possible for the keypad device, but the 

owner in question found that his favourite was alongside his monitor (so that he saw the 

keypad when getting up from his desk) as illustrated in Figure 4-14. Although the owner 
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mentioned that locating the device on the inside of his door frame also had the desired visual 

prompt effect. This issue of point of realisation/opportunity for owners setting messages using 

Hermes is discussed further in section 6.9.6.  

  

Figure 4-14: An óOwner Developedô Prototype Tangible Interface (Phase 4). 

4.5.5 Improving the Security of Door Displays 

The housings for the door displays were manufactured in two parts, a main body 

housing the PDA device and a removable top cover enabling the PDA device to be removed. 

Prior to this phase, when door displays were deployed the top covers were simply screwed on 

to enable the PDA devices to be removed easily in the event that they needed to be reset (the 

reset switch being on the rear of the PDA device). The original intention was to secure the top 

covers with metal rivets (as opposed to screws). However, using screws made it very easy for 

the administrator to remove the PDA devices which seemed an acceptable trade-off for 

security (from the administratorôs point of view). 

During this phase a PDA device was actually stolen from its housing, the thief only 

needing to remove the screws to steal the device. This clearly demonstrated the need to use 

the more secure method of fastening the housing tops with metal rivets. However, the PDA 

devices still crashed occasionally and needed to be reset (requiring the device to be removed 

from its housing). The solution to this problem was to attach wires to the reset switch inside 

the PDA device and run them to the interior of the office to which it was attached. Door 

display owners were then shown how to reset the PDA devices and re-start the Hermes 

application, effectively enabling them to reboot the system. 

4.5.6 Analysis of Phase 4 

Door display owners responded positively to the functionality that enabled temporary 

messages to be removed and set by touching the screen of a door display. The interaction 
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method was provided in an ideal location for the task of setting a message when leaving an 

office and completing the task only required two presses of the door display screen (typically 

taking a few seconds). Additionally, an owner could change his or her list of predefined 

messages to ones used regularly. Many owners seemed to favour this interaction method over 

all others, the primary advantage being its speed and ease of use (see section 6.9.2 for further 

discussion of appropriate methods of interaction). From the increase in use after the addition 

of this interaction method (discussed later in section 5.5) it is clear that this lowered the 

barriers to use sufficiently to help enable adoption from door display owners. The fact that 

owners were prepared to give visitors the potential to remove a temporary message because it 

simplified the process of removing messages for themselves demonstrated an interesting 

instance of the security vs. ease of use trade-off. This new feature also had some interesting 

impacts on context sharing as it enabled owners to share relatively unspecific messages from 

their predefined lists but the trade-off was that owner set more messages (the issues of 

appropriate interaction methods, context sharing and control vs. ease of use are discussed 

further in sections 6.9.2, 6.9.4 and 6.9.10 respectively). As owners were able to set temporary 

messages more quickly the temporary granularity of messages set changed. In more detail, as 

the cost of interaction was small owners would now set messages such as ñBack in 5 minutesò 

and ñGone for coffeeò on a regular basis (the issue of temporal granularity in messages set is 

discussed in detail in section 6.9.5) 

The addition of thumbnail images to the web portal óLogged Inô page represented a 

move towards encouraging door display owners to personalise door displays (by lowering the 

effort to set a default image). The small selection of images were chosen to appeal to a range 

of owners and all door display owners (apart from one) were quick to use this new feature.  

Since deploying the tangible interface the owner in question found that he set 

messages much more regularly. The interaction method has some striking similarities with the 

other interaction methods added during this phase (indeed it was developed after the 

deployment of the feature described in section 4.5.1) and it is interesting to note that the 

association of setting a temporary message with the pressing of a óbuttonô was helpful for this 

owner. In the future this tangible interface should be a requirement for a system such as 

Hermes (see Appendix H) as this low effort mechanism for sharing context which can be 

position to encourage use could clearly encourage adoption (the issues of control vs. effort 

and point or realisation/opportunity are discussed in detail in sections 6.9.6 and 6.9.10 

respectively).  

In addition to improving the physical security of door displays in this phase, a 

mechanism was provided allowing door display devices to be reset more easily. This change 
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potentially meant that owners could help rectify some reliability problems, however, only a 

single owner made use of this facility on a regular basis.  

4.6 Phase 5  
During phase 5, two main technical modifications were made to the Hermes system in 

response to owner feedback. Firstly, one owner had commented that Microsoftôs MSN 

Messenger would make an ideal remote and local interaction method for Hermes. In response 

to this ownerôs comment, and because it was likely to assist adoption of Hermes by door 

display owners, this interaction method was added (section 4.6.1). Secondly, persistent 

storage for owner profiles was implemented in order to avoid the changes owners made to 

profiles being lost when the Central Agent was restarted (for updates etc.). Nine out of the ten 

door display owners personalised their owner profiles and commented that they found it 

irritating when changes to profiles were lost (and the personalisation process had to be 

repeated).  

4.6.1 MSN Messenger Integration 

Several door display owners were regular users of the MSN messenger application 

and, as instant messaging applications are fast becoming a regular part of working routines 

[Lovejoy '03] to support lightweight textual communication, they provide an ideal way for an 

owners to set messages. Additionally, most instant messaging applications enable users to 

share some notion of state with a closed user group (commonly called a contacts list, óbuddyô 

list etc.) a common example being óAt lunchô. Users often have to configure this state 

explicitly through a user interface and several applications allow a userôs state to be changed 

automatically (a common example being a change to an óAwayô state if the user does not 

interact with his or her computer in a predefined amount of time). This notation of state also 

fits well with the Hermes system, as a door display message could automatically be updated to 

reflect the state of an ownerôs instant messaging application.  

To enable MSN messenger integration
9
 the door display owner firstly had to 

configure a MSN Messenger e-mail address in his or her profile using the web portal then add 

                                                     

9
 Initial investigation into the technical feasibility of this interaction method was carried out by Edward 

Hannay as part of an undergraduate project for a Computer Science degree course at Lancaster 

University.  
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the Hermes server to their MSN Messenger contact list. Once these steps were complete, if an 

owner sent a textual message to the óHermes Serverô contact the message was set as the 

ownerôs current temporary message. Once the new message had successfully been set, the 

owner received a confirmation message (see Figure 4-15). If the owner prefixed the textual 

message with ó!defaultô the textual message was set as the current default message, the 

message ó!notifyô toggled functionality enabling the Central Agent to respond to changes to 

the ownerôs MSN Messenger state and update the current temporary message as appropriate. 

Additionally, if a visitor note was left at an ownerôs door display and the owner was logged in 

to MSN Messenger, the Hermes Central Agent would send the owner a message to this effect 

along with a URL which will take the owner to an image representing that message (this 

functionality could be disabled in the owner profile).  

 

Figure 4-15: Setting a Temporary Message via MSN Messenger (Phase 5). 

4.6.2 Persistent Storage of Owner Profiles 

Prior to this phase, changes made to owner profiles were stored in memory and not 

reflected in the appropriate file (therefore every time the Central Agent was restarted changes 

to owner profiles were lost). In the early phases of Hermes, a Central Agent restart primarily 

meant that ownerôs default and temporary messages would revert to values input during 

registration (the owner registration process is discussed in section 4.3). If an owner had set a 

picture for his or her default message (especially common after the changes discussed in 

section 4.5.3) he or she would often infer that the Central Agent had been restarted upon 

noticing that his or her default message had changed. After phase 4, when owner profiles 

included a carefully chosen set of personalised temporary messages, door display owners were 

(quite rightly) annoyed at losing changes to profiles and this reduced trust in the reliability of 

the Hermes system. Additionally, much more information was now being stored in owner 

profiles (as shown in Table 4-1) than in phase 1 (as shown in Table 3-3). 
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Data Purpose 

Unique user ID (iButton ID) iButton authentication. 

Username Used to log in on the web portal and on door displays. 

PIN Used to log in on the web portal and on door displays. 

Office Number Displayed at the top of the door display user interface. 

Full Name  Displayed at the top of the door display user interface. 

E-mail Address For developers to contact door display owners. 

Mobile Phone Number Identify SMS sender to update public message. 

SMS Notify on New Note Option Whether to alert the owner via SMS if a visitor has 

left a note at his or her door display. 

Default Textual Message Current default textual message. 

Default Image Message The filename of the current default message image. 

Temporary Textual Message Current temporary textual message. 

Temporary Image Message  The filename of the current temporary message 

image. 

Ten predefined Temporary Textual 

Messages 

The predefined list of ten textual temporary messages. 

óScreen Pressô Action timeout The length of time the screen has to be pressed before 

a temporary message can be set/removed. 

MSN Messenger E-mail address The ownerôs e-mail address used for MSN. 

MSN Notice State Option Whether to update the ownerôs temporary message 

based on MSN Messenger state. 

MSN Send New Note Option Whether to send owners notification of new notes left 

by visitors via MSN. 

Table 4-1: Information Stored in an Owner Profile (Phase 5). 

The decision was taken to store door display owner profiles in a persistent database 

table to avoid the loss of owner profile information. A database was chosen due to the 

flexibility and potential for replication it provided. The Central Agent was modified in order 

to maintain a copy of the information from the database in memory and ensure that both 

copies were consistent (this approach enabled much existing code to be re-used and enabled 

the Central Agent to function in the event of database problems). The use of a separate 

database enabled the web portal to be decoupled from the Central Agent (see Figure 4-16) 

allowing it to function without any dependence on the Central Agent (simplifying the 

architecture and potentially improving the reliability of the web portal). In order for the Web 

Portal Servlets to inform the Central Agent of changes made to the database, a simple 

message passing mechanism using TCP sockets was implemented. TCP sockets were chosen 

over more flexible language independent technologies such as SOAP (Simple Object Access 

Protocol) [The World Wide Web Consortium '03] for simplicity and ease of implementation 

(recall from chapter 1 that the aims of Hermes focussed more on areas such as adoption from 

door display owners that software architecture). This revised communication mechanism for 

the web portal is shown in Figure 4-16 (where the ódatabase is abbreviated to óDBô). 
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Figure 4-16: Communication mechanism for the web portal (Phase 5). 

4.6.3 Analysis of Phase 5 

The MSN messenger integration was an immediate success with those door display 

owners that previously used MSN messenger on a daily basis and help encourage adoption (as 

can be seen from the increased use in section 5.5). For these owners the interaction method 

fitted in well with existing routines and required very little additional effort for adoption (the 

issue of control vs. effort is discussed in detail in section 6.9.10). It is interesting to note how 

owners enjoyed the level of detail that could be included in messages with relatively little 

effort with this interaction method (the issues of appropriate methods of interaction and 

context sharing are discussed in detail in sections 6.9.2 and 6.9.4 respectively).  The additional 

feedback given to owners when a message was successfully set using this method helped 

build up trust, the additional feedback was something which was lacking with other 

interaction methods. Once owners had successfully set a message using MSN Messenger 

several times (by physically checking his or her door display) they appeared to associate the 

confirmation message (i.e. feedback) with the action of successfully setting a new message. 

This was a good illustration of the importance of providing appropriate feedback, which is 

discussed later in sections 4.9.4 and 6.9.3. The mechanism that updated an ownerôs temporary 

message using his or her MSN Messenger state appeared to be ideal for automatically sharing 

awareness information with Hermes. However, owners did not make use of this mechanism. 

This might simply have been because they did not use the state feature of MSN Messenger, 

although qualitative analysis is required to explore this issue further. 

 The initial MSN Messenger integration component proved far less reliable than other 

interaction methods and when the connection to the MSN Messenger server was interrupted in 

various ways this left the Hermes contact óoff-lineô. Fortunately, it was straightforward for 

door display owners to see when the MSN Messenger component was not working (the 

Hermes server being óoff-lineô on an ownerôs contact list) and owners did not associate failure 

of the MSN Messenger component with failure of the Hermes system as a whole (and 
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additionally owners had a variety of alternative interaction methods). This key advantage, of 

owners easily being able to see when the interaction method was not working, was not 

available with any other interaction methods and helped enable adoption in the face of poor 

reliability (this issue is discussed later in sections 4.9.4 and 6.9.3). This issue of trust for 

different interaction methods is an interesting one that is discussed further in section 6.9.3. 

The persistent storage of owner profiles was a necessary step after the expansion of 

the amount of information stored in them (and the high chance of this increasing in the future) 

and the advent of an owner carefully personalising his or her owner profile. This change was 

effectively hidden from door display owners but removed the burden of owners having to 

reconfigure owner profiles (default message, predefined temporary messages etc.) every time 

the Central Agent was restarted (to apply updates etc.). The use of a well established database 

technology was clearly an important step for reliability, for example the web portal was now 

dependent on this reliable database technology (which could be easily be replicated for even 

stronger reliability), rather than the potentially unreliable Central Agent Java application.  

It is interesting to note that personalisation was clearly an important issue for door 

display owners, the ability to modify the list of temporary messages which could be set from 

the door display clearly gave the interaction method much additional value. Previously, when 

owner profiles were lost (during a Central Agent restart or update) door display owners were 

modestly annoyed at ólosingô the default image used to personalise a door display and damage 

caused to owner trust was likely to have impacted adoption.  

4.7 Phase 6 
Phase 6 was the shortest and final phase of Hermes as the move to a new Computing 

building meant that the system had to be dismantled. Unfortunately, the impending move 

meant that changes made during this phase had to be designed and implemented in a relatively 

short space of time. A key aim of development was still to help enable adoption from door 

display owners and during this phase the comments from owners resulted in the 

implementation of three new features. Firstly, the majority of owners (seven out of ten) 

commented that occasionally they found that the temporary message they had set had changed 

unexpectedly. One owner in particular found that when she set a temporary message that was 

intended to be visible for several days (for example when she was on leave or away ill) she 

would often find on her return that the message had been removed. She attributed this to 

visitors accidentally removing the message (by tapping the screen) while leaving her a visitor 

note but this demonstrated how the security vs. ease of use trade-off was clearly not 

appropriate in this scenario and owner trust was likely to be negatively affected. In order to 
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address this problem a mechanism was implemented in order to prevent temporary messages 

being set and removed at a door display at the discretion of the owner (section 4.7.1). 

A single owner requested some form of ótick-boxô that he could use to make 

important messages stand out. He also commented (together with another owner) that visitors 

to his door display might find his messages more useful if the time and date on which the 

message had been set was visible. In response to these requests the features described in 

section 4.7.2 and 4.7.3 were implemented. A key technical change was also made during this 

phase (see section 4.7.4) to help improve reliability and remove the need for wireless network 

connectivity at the Central Agent. In this section the overall architecture at this end of this 

final phase is illustrated.  

4.7.1 Enabling óSecureô Temporary Messages 

While door display owners found the ability to set (from a predefined list) and remove 

temporary messages at a door display without authentication very useful features, which 

encouraged adoption, there were certain circumstances where this security vs. ease of use 

trade-off was not appropriate (this trade off is discussed in detail in section 6.9.10). For 

example, when setting an important message valid for a long period (e.g. ñAway at 

MobileHCI but checking e-mail, back next weekò) the mechanism for setting messages had 

several shortcomings:  

i) if the owner used a default textual message this could not be changed by others 

but it could be ócoveredô by setting a temporary message, 

ii)  if the owner used a temporary message this could be removed or changed. 

In response to comments from owners highlighting these shortcomings, a feature was 

added to help improve security (security in the context of public situated display systems is 

discussed further in [Dix '04]). The main criteria when designing this feature was that it 

should be easy to use and require very little effort on the part of the owner. Therefore the 

initial design of a solution to this problem was a checkbox when setting a temporary message 

to disable its removal at a door display. A checkbox was chosen in order to add a small 

amount of additional complexity. This facility was provided (on a per message basis) on both 

the web portal with the addition of the óDisable Display Press Actionô checkbox shown in 

Figure 4-17 and on the door display user interface with the addition of the óPrevent Removal 

With Screen Pressô checkbox as shown in Figure 4-18.  

Due to the small amount of time before the move of Computing buildings there was 

little opportunity to discuss this feature with door display owners and other solutions may 
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have been equally suitable. Alternative would have included an óawayô mode (configurable in 

the owner preferences of the web portal) which only allowed a textual message to be 

configured via the remote interaction methods, or perhaps some form of prefix for a textual 

message that prevented their removal via a door display.     

 

Figure 4-17: Changes to the Web Portal (Phase 6). 

 

Figure 4-18: Changes to the Door Display Interface (Phase 6). 

4.7.2 Changing the Salience of a Textual Message 

An interesting issue that emerged through discussion with owners was the lack of 

ways to increase the salience of textual messages (the issue of salience is discussed in more 

detail in section 6.9.7). For example, to a passer-by, a temporary textual message was 

displayed in exactly the same way as a default textual message, even though a temporary 

message may convey important information and a default message may not convey any 

important information per se. When using a paper note to display a message, the author could 

use different colours and different sized text to help signify importance (e.g. large red text 

would help attract a visitorôs attention more than smaller black text). Earlier phases of the 

system clearly did not provide this level of expressivity supported by paper notes. The issue of 
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expressivity generated some important requirements for the Hermes system and is discussed 

later in section 6.9.8 of this thesis, and is listed in appendix H. 

In order to help rectify this problem (and address a direct request from one owner) the 

notion of ónormalô and óemphasisedô messages was introduced, each with different textual 

formatting options configured via the web portal and stored in owner profiles. For each type 

of message the colour of the text and background could be configured, along with an option to 

make the text bold. The user interface to configure these options is shown in Figure 4-19 and 

the effects of these options are shown in Figure 4-20. Emphasised textual messages could only 

be set using the web portal, the additional óEmphasise Textô tick-box to do this is shown in 

Figure 4-17. A tick box was used both because it was requested from an owner and it added 

minimal complexity to the user interface. Owners were only given a limited amount of control 

over the formatting options in order maintain simple user interfaces and functionality. While 

this simple design enabled rapid implementation and deployment, one extremely flexible 

alternative to allow changes in salience would have been to support HTML tags in the 

messages. This option was not explored due to limited development resources.    

 

Figure 4-19: Configuring the Formatting of Textual Messages (Phase 6). 

 

Figure 4-20: An Example of Formatting a Textual Message (Phase 6). 
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This feature enabled a level of expressivity comparable to the use of different 

coloured pens on traditional Post-it notes (and the use of different coloured Post-it notes). 

4.7.3 Adding a ótimestampô to Messages 

Two owners in particular asked for the time and date of messages they set to appear 

on the door display user interface. They reasoned that this extra piece of context would make 

messages set more useful to visitors. For example, if a message read óGone to Xô (X referring 

to a different part of campus) and it was clear to a visitor that the message has been set several 

minutes ago, they would be able to infer that the owner might still be in the Computing 

Building and be able to find him or her if they hurried. This feature highlighted another 

interesting affordance compared to paper-based messaging systems, that of automatically 

including additional context in messages (the affordances explored by Hermes are discussed 

further in section 7.3.2). This extra information is shown on the top part of the user interface 

as shown in Figure 4-20 and a door display owner was able to disable this feature using his or 

her owner profile. This feature can clearly have an impact on the issue of accuracy and 

ambiguity (discussed further in section 6.9.9) in messages as, for example, if a message set 

over twenty minutes ago read ñback in fives minutesò it might be of little help to a visitor.    

4.7.4 Removal of RMI Callbacks to the Client Agent 

In order for the Central Agent to perform Java RMI CallBacks on a Client Agent 

(used to update the door display when the owner has set a new message remotely) the Central 

Agent required wireless and wired connectivity. Wireless connectivity was necessary at the 

Central Agent in order to remove the need to alter the configuration of the routing mechanism 

between the wired and wireless networks (administered at a departmental level).  

These issues were addressed through the use of message passing over TCP sockets (as 

used to decouple the Central Agent and Web Portal, discussed in section 4.6.2) instead of Java 

RMI CallBacks. Every Client Agent contacted the Central Agent on a regular basis (as 

described previously), when this process occurred the current IP address of the Client Agent 

was stored. When an owner changed his or her list of predefined temporary textual messages 

(or certain parts of the owner profile) a serializable Java object was created containing an 

array of string objects containing this new information, the object was then sent to the ownerôs 

Client Agent using a predefined TCP port. The Client Agent would then continually listen on 

the predefined port and any information it received it would attempt to cast to the serializable 

Java object containing an array of strings (representing the various default and temporary 

messages etc.) which were then used to update the current message etc. This approach was 
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used (over other appropriate technologies such as SOAP etc.) due to simplicity and ease of 

implementation. 

4.7.5 Overall Architecture  

The overall architecture at the end of the final phase of Hermes is shown in Figure 

4-21 where different colours are used to indicate the different communication protocols used. 

There are several key differences between the architecture at the end of phase 6 and the initial 

phase 1 architecture (as shown in Figure 3-13), such as additional sub-components for MSN 

Messenger and E-mail support at the Central Agent. Other key changes include the use of a 

database to store owner profiles and the removal of RMI Callbacks from the Central Agent to 

the Client Agent. All the key architectural changes since phase 1 are discussed in the 

preceding sections 4.3 to 4.7. 

 

Figure 4-21: The Overall System Architecture of Hermes (Phase 6). 

4.7.6 Analysis of Phase 6 

Unfortunately, phase 6 of Hermes was only deployed for a short period of time 

(approximately a month) due to the move to a new Computing building.  All door display 

owners received notification and an explanation of the new features via an e-mail, but the 

majority did not change the default text formatting setting (though several owners made 

positive comments about its presence). Many owners commented that they had experimented 

with the óDisable Screen Pressô option, but did not fully understanding how to use it. For 

example, one owner did not realise that the option was only associated with a single message, 

not permanently enabled or disabled. Such preliminary findings showed that this required 




