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Abstract

This thesis explores thdesign, deployment and usé a system of interactive
displaybased ubicomp prototypes deployed outside office ddorsthe Computing
Department at Lancaster University, referred tdhesHermes sysm. The Hermes system
provideda groupware applicatiosupportingasynchronousessaging facilitiesanalogous to
a digital form of Pstit notes to help support awareness and coordinatidccupants of
offices equipped with Hermes displays (display omsheere ableéo manually share personal
context in the form of short textual messages
|l at eod) dne novel aagpecs of the work on Hermes was longitudinal deployment

outside of the lab which allowed exphtion 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 technolegydesign. This was done through tise
of a questionnaire, a sefsiructured interview, informal feedback and discussion with display
owners during deployment. Thigsercentred approach generated valuable feedback to
generate new requirements and features to help informeignwhich would not otherwise
have been avail#® Additionally, the Hermegprototypesacted as a form of technology
probe: loggingenabledthe 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 meusedprimarily on the owners of door displays

In order for the usecentred and technologyrobe based approach to be successful
owners were required to adopt the prototypes and use them as part of their dailysroutine
Therefore, crucial to the success of this approach during longitudinal deployment was refining
the design and adding features to lower thet ©f initial adoption and usé&or example
adding features to help the prototype fit in withineis existingroutines.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 feasibleOne particular challengenisal by the need to support adoption and
maintain use during a longitudinal deploymemas therequirementfor high levels of
reliability. This challenge waaddressed numerous timaad highlightedthe need to help
mai ntain a user 0s oviding sdtificatioh ofrfailueexnaontpritoegvoidby pr

trustdamaging experiences ofreliability.



The major catributions of this thesis arel) an exploration of the longitudinal
deployment of a digital displagased ubicomp system providing asynchronoussaging
within a university department, 2hainderstanding of the adoption and appropriatiothef
system and 3)raunderstanding of the usé the systemto share personal context in order to

support awareness and coordination
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Introduction

1.1 Overview

We encountesituated® informationin 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 @mmation is presented on either static signage or
transient paper media, improvements in technology mean that there are increasing numbers of
interactivesituateddigital displays providing us with information. Examples include displays
allowing travellersto 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
message$Virgin Mobile Telecoms '04] This particular use of SMS messaging represents a
new messaging paradigm enabled by situated digital gisplthat of persoto-placé
messaging rather than the traditional persBsperson.

While situateddigital displaysin our environment are becoming more prevalent and
the technology to suppattiemis improving and becoming cheaper, many issues surmgndi
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 ej2mgpie!l
'06]) the importance of which is highlighted [@'Hara '04]

filn recent years, more and more information is being presented on dedicated digital
displays situated at particular locations within our environment. At their ipasic, 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
di splays in novel ways losed dnd i the stipport oftghoep i ndi

work.0

% The first use okach of the terms discussed in secfidgis highlighted in bold.

A term was first used by The Apfppliaace Stedio®2 udi o i n



As mentioned in the quote frof@'Hara '04] interactive situated displays can be used
in the suport of group work (the areas @omputer Supported Cooperative WqBSCW)
and groupware are discussed later in this chapt@peimportant aspect of CSCW required
to supportcoordinationin group activity isawarenesgDourish '92a] An interesting research
guestion is how situated digital displays cae hsed tosupport awareness this is
demonstrated by the large number of disglaged system supporting awareness discussed in

section2.2.

The properties of digital displays can provide many interestingaffordances
comparedto traditional papebased media used to suppoobrdination andawareness. For
example, a digital equivalent of a paper not ¢
could automatically countdown as time pasdes a visitor who notices théme in the
message countindown evel secong one perceived affordaricenight bethat of accuracy
that the constantly updating digital equivalent is more accurate thahdéhanging paper
counterpart.The properties of a digital systefompared to papdrasedmedig afford the
design offunctionality such aghe dynamically changing message (described previously) and
remote interactiona digital system couldemind 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 intedisplays
situated next tooffice doors, referred to as the Hernfesystem.Hermes wasdesigred to
support asynchronous messaging drab been used to investigate how such a system
allowing explicit sharing of informationcould be used to help suppamtvareness and
coordination between staff, and between staff and studentee Computing Depé&mnent at
LancasterHermes haslsobeen used to explore the affordances of this digital approach over
traditional papebased messaging mechanisms used on office déarsffice door is an

interesting phce to study interactions whitypically fulfils many functions:

nOf fice doors are more than entrances to

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

* A discussion of different meaning of the term affordance is provided in sdcfion

*The initial Her mes system is referred to as OHer

referred to as O6Her mes 26.



door open or closed when they are in their office. Doors alswesas a medium for
communication, where people can broadcast individual messages to passersby, or accept
messages from others who st[deffrpyé0] by when t he

An office door c¢an -porei vphateeedgtaining Botdvatea s a 0 ¢
elements (as ibbelongéto the occupant of the office) and pubdiementqas it is part of the
corridor and visible to all passetsy). This particular place has some interesting impacts on
the sharing of awareness infation 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

passeiby can read the message).

In order to explore this domain a technology driven approach has been combined with
a usercentred desighapproachln order to help support adoption, door display owners (the
main group of usersonsidered in this wojkwere involvedin the design proceds lower
their barriersto use This was dondy, for exampl e, investigating
and adding or modifying functionality to fit in with thes@ne example of this was the
addition of email integration in order tsupport adoption fnrm a door display ownew h o 6 s
existing routine involved notifying others vianeail if she was away from her office for
extended periods (enabling her to adopt Hermes at very little additional Thet)erm
6adopti ond iuse ofueshnaogyt irowaintarméd\by its designeend theterm

Gappropr i aftuinoenxdp eicmpeldi eosr unant i[Rouriphd®led uses o

The Hermes door displays provideda groupware applicatiorenabling office
occupants to display information using short textual messages image files The
application also enabled a visitor to an office to leave messages for the occupant, authored in a
manner simar to traditional paper Pciit notes. One aim of the Hermes system was to
produce a prototype performing a small number of tasks well in daerovide an
information appliance. The following scenariopysed in the design dhe Hermessystem
was speifically motivated by theanxiety felt byone lecturer (and developer) of being delayed

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

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

be late fora meeting intended to be held & bffice. Realising this, he uses mobile phone

® The meaning of this term is discussed in detail in se&i8ri



to send an SMS messagehts office door display to inform visitors tashoffice that he will

bethirty minutes late. When students arrive @& dffice for the meatig they read is 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 systerdwags | oyed f or
use. This also allowed it to be used to explore a numbepertinentubiquitous computing
(ubicomp) issues, in the context ofituated display systenfrom hardware to human factors

(the issues raised on each of these levalsmussed in detail in sectign?).

The remainder of this chapter firstly discusses the place of situated dimsag
systens in the areas of CSCW antbgpware (sectiofi.2) ard ubiquitouscomputing (section
1.3 researchFollowing this, abrief summary of current trends in display technologies is
presented (sectioh4). Next the definitbn of key terms used in this thesis drscussedThis
chapter concludes by defining the aims (sectids) of the research and summarising the

contributions of this thesis (sectidny).

1.2 CSCW and Groupware

CSCW is a weklestablished field which began formally many years ago, it is defined
in [Rodden '91hs:

A a generic term which combines group

andgpplications. 0

Groupwareis part of the broader field of CSCW arsldefined byEllis et al [Ellis
'91] as:

Aithe class of applications, for small
merging of computs and large information bases and communications technology. These

applications may or may not specifically

An additional dimension to CSC\hd groupwareystemsrequiredto helpsupport
coordination is the sharing of awarenessanfnation between members of a grdqlimurish
'92a] [Gutwin '95] Systems supporting awarenasgy require information tobe explicitly
shared by a member of a group (as is the case with the Hermes system) or peskasctly

and distributednformation(as is the case with systems such as Portifptasrish '92b).
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Figure 1-1: A Classification Space for CSCW Systems.

CSCW systemsare commonly classified using the dimensions of interaction and
location asshown inFigure 1-1 [Rodden '91] When consideringhe Hermesgroupware
application(providing asynchronousnessaging facilities to help supp@tplicit sharing of
awarenegs sucha systen could potentially provide interaction methods which occupy all

areas of the classification space showRigurel-1:

Asynchronous, Gbhocatedi a visitor celocated with a door display uses it to author

a message for the offioccupant, the message is then delivered to the occuparnineid e

Asynchronous, Remotea door display owner sends a publicly viewable message to

his or her door display via SMS.

Synchronous, Ghocatedi if a message left by a visitor at a door dégp{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 enhiéméndow),

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

Synchronous, Remofie 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 phoné

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

could potentially be supported by Hermes 2 (see Appendix J).



1.3  Ubiquitous Computing

Over the last 5@ears the relationship between computers and users has gone through
three major changd8Veiser '91] From around 1940 many users shared a single (mainframe)
computer, from around 1980 every user had his or her own (persongbuter. Mark Weiser
[Weiser 91]saw a third O6waved of computing wher e
environment would help us achieve tasks seamleggien Weiser first presented his vision
of ubiquitous computingubicomp)i n t he early 19906s he outl i n
paradigm raised new challenges for human computer itimaas computers would now be

iinterwoven in to the fabric of everyday | ife

Wei serd6s vision included seadbbgyeistcani ntegr
environment and more natural interactions with technology. One méthaghieve such
integration is the use dfituated displays to allow presentation of information and interaction
in an ambient manner. [Weisea '91] three sizes of display are discussed (inch, foot and yard
scale) the largeqlyard) 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 th

sheets of paper and Pdishotes (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, clotiting
[Schmidt '02] This inherently raises challenges on a range of levels spanning low level
hardware issues, such iagiability , to higher level human factors issues, suckrugt. The
Hermes system, presented in this thesis, acted as a vehicle to ident#fypdowd challenges
at these various levels. It is important to note that failure at any of these levels was likely to
adversely affect endser experience and reduce the effectiveness of the Hermes system to

investigate its aims (these aims are discutsed in sectiorl.5 of this chapter).

1.4  Relevant Digital Display Technologes
Of particular relevance to the work presented in this thesis is the area of digital
display technology. Advances in this area have enabled andedstist development and

deployment of interactive displayased systems.

Flatpanel TFT (ThiaFilm Transistor) LCD (Liquid Crystal Display) displays have
replaced CRT technology in many applications and are almost exclusively used for mobile
phone, digitalcamera, 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 highest co

ratios and wider viewing angleBor extremely largeideo displaysfor example thawenty



five meter squar®BC Big ScreengPhilips '05] LED (Light Emitting Diode)screens are
usedwhere each pixel is made up of a group of coloured LHBS. and Plasmdisplayscan

easily be equipped with technology to suppger interactiorvia the surfacef the screen

Some examples of this technology require a
screes found on many Microsoft Tablet PC devicegMicrosoft '05b) while other
technologies allow the user to énact by touching the screemettly, often by equipping the

screernwith a transparent resistive membrane

One promising new technology is that of Organic LEDs (OLEDsjiz '03] which
offer brighter and sharper images than conventional LCD technology, while consuming less
power and providing a thinner forfiactor (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 gercerim@ges and text. Current
prototypesprovide a high contrast, wide viewing angle, lightweight, low power (no power is
required to maintain an image ofpaper, just to change what is displayed) versatile display

medium.

1.5 Definition of Terms

Several keyhigh levelterms 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 considerdthe situatd nature of information such as text is highlighted
by the following extract fronjMitchell '05]:

ALiterary theorists sometimes speak of te
i snbot ; it al ways shows up attached to part,|
contexts, and those conteditee the contexts of speeflirnish esseidl components of the

meaning. 0

An important aspect of something that is situated (situated information and situated
digital displays are of most relevance to this thesis) ishthedusét appears within a specific
context this raises a host of additibisues When discussing the design of CSCy¢tems

supporting collaboratigrHarrison and Douriseummarise

iea place i s a space which IS invested

appropriateness, cul t ulHaaribon® pectati ons, and ¢



O 6 H aetrakdiscuss the situated nature of display$he introductiorto [O'Hara '04]
and the issuesthey raiseinclude privacy, ownership, identity, control, relevan@ssumed

audienceinterpretation of informatiorhehaviouralspectsand spatial positioning

One example of the impact afbehaviairal 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 issudsghlighted in
[Brignull '03] when discussing the results of a user trial of the Opinionizer system

(Opinionizer is discussed further in sectib2.5:

i é o vhalf of the users interviewed reported thilagy experienced embarrassment
and did not feel relaxed. Some commerkted they felt under pressure not to make typing
mistakes, not to be hesitamthile interacting, since they knew they had an audience of
onlookers. Somef the participants also experienced pressure to provide a comment that was

socially accepted as humorous and clever by

An example of a cultural expectatioimpactingthe interpretation of information
would be the assumptiorthat a message placed on an office door has been authored by the
occupant of that officeAnother example might be thé& a publicly visible messagen an

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

Digital Display
The tem digital display is used toefer to an electronic mediunfor presenting

informationcontrolled by a computer.

Property
A property is abasic attribute of an olje For example, properties &ostit notes
are that they are made of pajpadcan be temporarily fixed tarange of surface$roperties
of a digital displayare likely to include the ability to manipulate individual pixels to display

informationandmight includeinput via a touctsensitive screen.

Functionality
Functionality & 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 s8MSa

message.

Affordance
This term has several key mearsnand requires careful clarification. Therm
affordance originates from Gibsdibson '77][Gibson '86]where an affordance is the

actionable properties between the world and an actor (a person or animal). The definition is



setinanedoogi cal c o nt e xpath affdrds pedestrxaa logoiodion frodn one
place to anotheréo. The affordance is a re
enabled by the properties of each. For example, the properties of a pedestrian ares that it i
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 raptyceives that a path affords

locomotion or not.

The term affordance is discesk in a design context by Norman Design of
Everyday ThingdNorman '02](formerly published asfPsychology of Everyday Things
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, attachingone 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 operatinganiode.h 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 publishifpgychology of Everjay Things in 1988in response to
misuse of the term affordance, Norman publisfiddrman '99]where he stated that he had
previouslybeen discussingerceivedaffordances and he termed affordances as described by

Gibson aseal affordances.

Affordances in the context of software desige atso discussed bMcGrenere and
Ho [McGrenere '00vhich they define as:

fiThe functions that are invokable by the user are the affordances in software.

This broad defiition 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

affordarce 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 affordanc@églks-1).
Affordances as described by Gibson becgrhgsicalaffordances and perceived affordances
(as described by Normamessentially becomeognitive affordancesFunctional affordances
are at a higér level than physical affalances and specify functionality of which a device is

capable.



Affordance type Description Example

Cognitive affordance Design feature that helps users in A button label that helps
knowing something users know what will happer
if they click on it

Physcal affordance Design feature that helps users in A button that is large enougt
doing a physical action in the so that users can click on it
interface accurately

Sensory affordance  Design feature that helps users sel A label font size large
something (especially cognitive enough to read easily
affordances and physical

affordances)
Functional affordance Design feature that helps users The internal system ability tc
accomplish work (i.e., the sort a series of numbers

usefulness of a system function)  (invoked by users clicking or
the Sort button)

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

The use of the term affordance in this thesis sterom fthe need to explore
functionality enabled by the digital approach used in Hermes with {bsedd messaging
mediums which it was intended to augment. For example, consider a small digital interactive
display designed to emulate a Rivshote. It is vey 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 papeifitRase). This use of
the termis similar toH a r t sumcti@nal affordance anMicGr e ner e and Hob6s s
affordance. Thisuse ssosi mi | ar t o Gi bsondés original def i
enabled by the properties of an object, in that the additional properties of a digital system
enable adiional functionality. Affordances were used in this work to help motivate and
design functionality to be added to the Hermes sysiéhere use of the term diffefioom this

meaning it is qualified as appropriate.

Awareness
In the context of supportingollaboration through awareness in the design of CSCW

systems, awareness is defined by Dourish as:

AAwareness is an understanding of the act
for your (¢Dourish&®2al i vityo

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

awareness framework, these are:

9 who is therei Awareness ofwho is around and their availability for cooperative

activity.

10



1 whathas happenedd Awareness of what has changed in a shared environment.

1 how did it happeri 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 wagpthe wh o i s

t h eshaged by door display ownarhen leaving their offices

Reliability

In Sommervillef[Sommerville '01]software reliability is defined a8 é a f uncti on
the number of failures e xSorameivikergees ah toldgfineaa par t
failure asfi . . a situation in which the software do

u s e.Thederm reliability is used in this senseotighout this thesis, however the term is

applied to systems involving both hardware and software.

Trust/Dependability

Trust is defined in the Oxford English Dictionaryiasc onf i dence in or r
some quality or attribute of a person or thing, oeth 't r ut h o f In the coriteattofe me nt 0
this thesis, the term trust is used to describe asusenfidence in the ability of the services
provided by a system to function correctlifor example, a door display owner may or may
not trust that if theyend 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.

Dependabity is a term encompassing many individual characteristics of a system
used torefer to whether the services provided by that system can be trusted to function

correctly definedby Laprieas

A Comput e dependakilityis tihe quality of the deliveredervice such that

reliance can justi fi alaprig'85he pl aced on this se

Laprie also defined two maimeasures of dependability as reliability and availability
(continuity of correct service)

Information Appliance
The notion of annformation appliance is discussed in detail [Norman '98]and
defined as:

AAn appliance designed {NormgneB]f orm a speci

As an information appliancenly perforns a singleactivity (or task)its design can

suit this activityand its usersery well (as the design isot compromised or overcomplicated

11



by attemptingto support othemctivities) For example, the average personal computer is
designed to support a wide variety of different\atids and therefore its design must be a
compromise to accommodate each activity to a small extent (resulting in complexite fo
user).Conversely a digital camera typically only supportsiagle orsmall number ofelated
tasks (take a picture, view picturtbat have been takpand therefore thdesigncan focus on

making these taslk@mplefor a usetto perform.

1.6 Aims of Research

The work presented in this thesis explores the development of a prototypical situated
interactive display systeno act as avehicle for exploring issuge pertinent to ubicomp
researchMore specifically it explores issuesassociated witlthe useof a groupware system
in the form of a collection of digitadffice doordisplays designed to support cooperation and
coordination between members of the Computing Department at Lancaster University. This

overall goal is broken down into four interrelatachs:

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 whigtiolvestechnology driven and useentred
design, intuding 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
affordancesenabled bya digital approachto supporing situated messaging in a
university departmentcompare to traditional approaches such as paper notes

and message Owhirl erso.

3. To design a prototype digital interactive office door disptdgrmation appliance
(and produce an associated set of requirements)stliatuitive to walk up and

usewithout prior training.

4. To utilise the prototype digital office door display system to investigateessof
initial adoption and continued use through the ltergn deploymentevolution

and evaluation of prototypes O6in situd.

1.7 Thesis Plan

The thesis develops in the following wayhd&pter 2 (Related Work) surveys existing
interactive digital displayas& systems and discusses how these compare with the intended

aims of this work (as presented in sectibrb). Chapter 3 Design, Development and

12



Deployment of the Initial Hermes Prototypeecounts the design and developmentthef

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 (Quantitaimalysis 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 mtew in order to investigate qualitative aspects of

use and present emerging issu€bapter 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 8ri displaybased ubicomp and CSCW systems

relevant to the work presented in this thesis.

2.2 A Survey of Existing DisplaybasedSystems

In order to present and discuss the large number of relevant related systems three
categories are used according of siee 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
colleaguedWeiser '91] Systems in each of the three categories are discussedddlby a

summary.

2.2.1 Tab-Sized Displays

Tabs ar e dimckscaleiniachides that approximate active Host not es 0
[Weiser '91]and used here to categorise devices with screens of similar size to those used in

PDA (Persnal Digital Assistant) devices.

Dynamic Door Displays
Research on the devel opment of 6dynami co

Georgia TecliNguyen '00]in order to investigate:
ARéthe function of i nf oronfata osnp etchiafti ci sl otciaet

Nguyenet aldeveloped a selfontained prototype based around a small PDA device
with a wireless LAN card and iButton reader. The display was automatically updated to
reflect the owner s curr ensingthecContextiTavlkifDeynd c al
0 9.%isitors 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.

14



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 6Smart Doorpl at e snlext awarel i si ng
technologies, which primarily involve visitors attempting to locate office occupants. One of

these scenarids then selected for implementatjan which:

Adoorplates act as signposts within the o

empl oyeeo

Trumleret alhave built a prototype system using@ampagq iPAQas a selcontained
Doorplate device. The prototype us&¥ID tagt ec hnol ogy trhckimg adper s on
additional sensorsare usedto detect ifa Door pl at ® doar is ropen. 6Syem
communication is based on the JXTA pé&epeer platform in order to avoid central storage,

and the work is described as an example of an autonomic computing sy§teomiter '03b]

The primary service provided by the Smart Doorplates is that of directing visitors to a
desired per sond $ adobrplate). # thig mesaniispa a dhis av 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 person
prototypes have been developed, it is unclear whether these have been deployed outside of a
6l abd scenario. Further papdTrumlerdoBn mausei ng t h

the supporting infrastructure.

Roomwizard

RoomWzard [O'Hara '03] is a display appliancewith a screen 6.4 inches in size
situated outsidemeeting rooms, whiclprovidesfunctionality to book a meeting room
(locally and via the web) and check iin@eeting 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

employeegO'Hara '03] two buildings were equipped with five devices each.

Et hnographical techniques werees 6used ore i
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 significamtigroved on the previous

practces and provided unexpected functions such as enabling peripheral awareness and
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navi gat i etralalsoOrake am iateresting point that complex usage patterilt up

around what was effectively a very simple appliance:

AWhil st the RoomWi zard at first appears

room reservation system, it is far more compl

This observation reflects a key aim of this thesis (aim 3 in sedtibp that of

providing a simple information applianes i ngl e i n f u MMNotmar'a8], open in

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 availal@ersarea, with a database to map
senders to names and pictures, the frame is used to provide ambient notification of a new
message. I n common with Her mes, t he -to-ystem |

pl aced messaging.

The study of the use of TxtBaod 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 wuse, such as theetiamport an

concluded thatgrt of the success of TxtBoard was its simplicity:

fiNevertheless, 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 ®xtBoard shows that less can be more.

The TxtBoard project has been extended through the HomeNbteosoft '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 iffdé&crosoft '06]

2.2.2 Analysis of Tab-Sized Displays

The 6dynamicbé door display project at Ge
system in terms of enablingvareness 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 evaluat of the system took place.

The work on 6éSmart Doorplatesdéd also appe

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

focussing on 6proof of conceptdé demonstrator s

The RoomWizard systerhas been developeadgith a usercentreddesign approach,
similar to the work presented in this thesis (see aim 1 in sett)nit appears that use was
effectively mandated and the system became parthefdaily routine of its users (evident
from userinterviews). The functionality of the RoomWizard system is simple, in common
with the aims of the work presented in this thesis (see aim 3 in sécip@nd interestingly,

O 6 H atradound that complex usage patterns builtawpund 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 4etion
In order to analyse use, systengdoand user feedback were used, this qualitative and
guantitative investigation is also similar to aims of the work presented in this thesis.
Additi onaé¢thlyde ®D6iHRYy at hat simplicity was one
which is similar © the aim of providing an information appliance described in sedtibn
(aim 3).

2.2.3 Pad-Sized Displays

Pads are described @4 esoate ones that behave something like a sheet of paper (or
a book or fWeisea '§ldand usesl hdre to categorise devices with screens of

similar size to usual desktop monitors.

OutCast

In [McCarthy '01b]McCarthy et al describes thresituated displayapplications to
explore theidea of sharing information: UniCast, OutCast and GroupCast. The OutCast
displays are most rebvant to the work presented in this thesis, located outside office doors and

intended to provide:
féa personal yet shared display on the out

Content on OutCast displaysiigendedfor nearby ceworkers,includinginformation
about the owner intendeor others to viewdmulating the practise of putting photos. &ic
office door$ and can include information from the
pages and location. The OutCast system utilises a twenty fiacpharel touch sensitive

monitor embedded in a cubicle (office) wal/l

"N

office. All three systems use infrared badges for location detection.

17



Deployment of this system has includaer fifteenUniCast displays andne each of
the GroupCast and OutCast displégsthe 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 rietve the location of otherdnformal 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 informai on. Additionally, due to uncertaint.
(used to |l eave a textual message of the O6o0owr

preferring to use paper Pdshotes.

Uni Board
A WWW message board for atoor communication [Segawa '99]has been
devebped at thdwate Prefectual University, Japan. The design was motivatedrbgssage
board on a dooin a graduate hall of residenéahich they state was used extensiyeind
provided asimple whiteboard application intended to be attached twar, wth additional
web clients The system, named O6Uni Boar do, all owed
shared spacefly the owneof the message boarcbuld erase messageahich was publicly

visible bothin person and via the web

It appears that a sifegUni Board was deployd&egawa '99and has received use for
6sever al mont hs o, it al so appears use of the

although no reports describing this use are currently available.

Door Awareness System/LabraDoor

In [Jeffrey '02]Jefferyet al carried out observational study of the use of office doors
at Carnegie Mellon Universitgnd 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
section1.1). 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 protgpes were constructed that explored the use of office doors as
imedi at ors o&éndiantmneediugpm ifoomrsdaest hetic and i nf
respectively. The first, a O6Door Awareness S\
use tle office doors to mediate access to themselves by altering how much the door was open:
this context was sensed and made available v
projector located inside an office to project onto the rear of a window ioffaoe@ 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, personalizgohgs, etc.) and awareness information.

The presentation of awareness information u
utilised a simple traffidight metaphor in order to enable users located in the office to

stipulate interuptability.

At the time o f writing, the oO6Door Awareness Sy
of fices, while the oOLabrabDoordéd system has on
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 Boaif@rowne '01]is a situated display appliance providing
both asynchronous and synchronous communication between geographically separated
households within aaimily. Communication is achieved via handttem notes (input using a
touch sensitives c r e e n) arranged on the O6Message Boar

notes is consistent between remote OMessage E

The system is intended to act astechnology probgHutchinson '03]to aid
understanding othe communicatiomeeds of geographically distributéamilies, in order to
design systems to help fulfil these ne€lss is intended be done through logging of use, and
various other methods to elicit user feedbasuch as interviews, comments, suggestions and

other written feedback. The initial functionality provided was intentionally simple:

AAs a Technology Probe, the design needed

unexpected uses for it without beingemmb er ed by restrictive funct

Their intention was that the design would evolve as usage patterns emerged. Both of
these approaches (simple initial functionality and «esstred evolution of the design) were

used in Hermes.

SPAM

The SPAM (SMSPublic Messenger Service) systef@heverst '03a]supports
coordination and awareness between staff at geographically separated sites, in an organisation
providing housing for former pshtric patients. It allows communication between dedicated
peripheral displays using SMS, enabling SMS messaging to a place rather than a single
person. A keyadvantagef this technology is that members of staff (and patients) need only
use their mobilgphone 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 wuntil
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screen). The new message is then displayed and the sender receives notification that his or her

message has been 6read©6.

This work has been guided and informed through ethnographic gbeyerst '03a]
and the system is also designed to act as a technology probe with all use of the system logged
for later analysi§Fitton '044. 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 densive messages). The SPAMstem has been deployed and has received use
sinceOctober 2002.

Ariadne

The commercially available AriadnfModulex '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 ardaedbweb
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 somedeis including the ability to play
media clips. None of the displays allow local (i.esleoated 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 PadSized Displays

McCarthyet alinvestigated 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 OutCaptay owners (analogous
to one of the aims of this work, see aim 1 in seclidi) was the least used functionality, as

users did not trust that it was reliable.

In [Segawa '99]t appears that one aim of thimi Board system was similar to that of
this work, narely 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 insidel browser.

The work at Carnegie Mellon University makes some interesting points about the use
of doors as 6i nt e medwm fori commurgcatithe w dHyosvée vaend avhad |

centred design techniques were used to develop prototypes (in cowithahis work, see
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aim 1 in sectionl.5) , the focus appear s t o be the pr

demonstrators rather than longer term deployment and evaluation.

Research on the Family Message Board has demonstratethbawge of prototypes
as technology probes can provide wsege nt r ed desi gn ietalinittly of i el «
developed a simple prototype, in common with the aims of this thesis (see aim 3 in section
1.5), they theninterded to deploy anduse 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 sectioh.5). It appears that when designing a tedbgy 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 probble Tdesign was heavily influenced by previous

ethnographic investigation and required relatively little redesign after deployment.

The Ariadne system is an interesting product in terms of providingemgiheered
situated displays ready for deployment.viwer, 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 Diglays

Boards are described ésy agcale displays that are the equivalent of a blackboard
or bul | e {Weiser '8lpaandr udedl here to categorise devices using large displays
(commonly using plasma screen or projectorsgrofeferred to as Large Display Groupware
Applications (LDGAS).

The Notification Collage

The ONoti fi cat i[Geenbe®o'0l]isaay grdupwdredaiige board
applicationdesigned to support awareness and (to a smaller extent) collaboration between co
located and distributed colleagues. It allows a small community sorpedia (live video,
notes, web pages etdo a shared space that is updated in-tiea, enabling synchronous
video conversationsThe systent uns on i ntygpically dnuaadecond P@ddsr  (

and on a single largeventytwo inchsharel display.

Experiences learned from the initial deployment of the system are presented in
[Greenberg'0f r om whi ch thirteen specific épointsd
fact that users desired both local and remote access to the NC). Similar to the aim of work on
Hermes (see aims 1 in sectitrb) users were able to send asynchronous messages to each
other (via 0Sticky Noteso6). The Sticky Notes

them to be used for Obroadcastingd messages.
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IM Here

The IM Here[Huang '04]systemcombines a traditional desktop instant messaging
applicationwith a large shared public digital display to explore issues of adoption in the
context of LDGASs. Visitors to the IM Here public display (who are not automatically
identified) can communicate with other users running the IM Here instant messaging
applicaton 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 tds) the system is intended to support, low barriers to use, etc.
The IM Here system was then designed and deployed (for t@mtyusers) using the five
issues as guidelines. An evaluation conducted during six weeks of use is proVidedng
'04] where analysis of usage logs and user interviews are usgddlitative investigation of

use (together with some brief quantitative analysis).

The Opinionizer

The Opinionizer systeiiBrignull '03] was develped 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 fadodace socialising between bystanders, with the
primary aim being to encwage 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 paagpd a welcome party for postgraduate studefsspart of
these studiesinterviews with users and observations of wsre carried outFrom these
studiestwo6t hr eshol dsdé were identified which wuser
take place:dd ¢ a | awamenépabBticipati onbo. They concl t
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 PostefChurchill '03] was designed toi pr o mot e communi c
i nformati on s har angvasiinspireg hybtraditicnal pdtice baasiowhere
paper messages can be attached. It allowed users to post content (in the formURRltext
images and video clips) viareail 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®(QMydatabase for storage.
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Similar to the work presented here, Churcledl al are investigating a range of different

6interfacesd to allow interaction with the sy

In common with the work presented in this thesis, a-aeatred 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 pneiteg approach
was used. Three Plasma Posters have been deployed within the building where the authors
work and use of the system is logged[@urchill '03] quantitative analysis of use of a ten
month peria 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 follqwinterview, which demonstrated a positive

attitude towards the system.

Vista

The Vista prototypgWichary '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 deployedd c-o6 f eer s &
where colleagues take coffee breaks. Ws#rtred 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 @nd 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 worlath quantitative and qualitative analysis of use
was carried out. Witchergt al make numerous references to the fact that theircesgred
design process was very time consuming, which impacted upon the development process. The
approach used by Witchemst al included a range of useentred design and prototyping

techniques.

SemiPublic Displays for Small Celocated Groups

The wor k-Paml 6 8émidi spl ay s [Hbapg 'G3lexplored thand My r
design and deployment of a largguche nabl ed SMART BoardE displ .
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 dikpyed. 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 pplications 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 -pdive Likert
scale) was administered during deployment and they describe how informal feedback from
users during deployment was valuable. Fripinang '03]it appears that the system was in
place for two weeks before the pagployment questionnaire was administered, which
investigated initial response to the fdaatures. The results of this questionnaire showed that
the two features providing reminders of information extracted fremais and visualising
attendance at scheduled meetings were successful, while the other two features required

further work.

Dynamo
Dynamo(lzadi '03] provided a shared muitiser surface designddr multiple large

situated displays (and prajers), intended to support:

nét he cooperative sharing and exchange o

brought to the surface by users outside from

User s 0c ar v ppboprifitan eegidns of thal display area to interact with,
allowing them toshare, send and arrange documents with other users interacting with the
display surface. Dynamalso had a notion of stassd carved regionsould be saved for
future referencetis possible to usthe systenwithout registering, though only authenticated

users ould save state.

The system has been developed using an iterative development process incorporating
feedback from usemxposed to early prototypes during user studves,such user studies are
described in[lzadi '03] The first study, held wting 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 fofs o ci al e mbplzadi rog] svhamee shy 0

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 dge 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 fwovide 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 i 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
befare 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 displfysexample the

problem of control, etiquette, reaching over large distances on the screen etc.

2.2.6 Analysis of BoardSized Displays

While the Notification Collage system provided asynchronous messaging
functionality similar to the aims of this work (sectidn5), 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 thes 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
communicatiorfor a traditional instant messaging applicatioa a client on a sharegublic
display. Thissystem 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 rel/ant to the work presented in this the§is example, the @ssof IM

Hereresponded well to the low barriers for use (primarily lack of a login).

The work involving the Opinionizesystem identified some potentially valuable
guidelines to encourage interaction with large public displays. In common with the aims o
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
presentd here, the development and evaluation techniques are similar. For example, an
iterative prototyping approach together with usentred design techniques were used to
inform the design process. In common with the work presented here, logging was used to
guantitatively analyse use and this was combined with qualitative analysis. Work on the
Plasma Posted highlighted the difficulties of designing a didpdesed prototype system for

deployment and use outside of the lab and how-cmseired design techniquesn 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-cesetred design approach was used in
Vista. For example, in Vista much time and resources were used ¢m @esl evaluate three
different kinds of prototypes (video, visualisation and Wizard of Oz) before deign of the high

fidelity prototype began.

The work on SermPublic Displays by Huang and Mynatt explored the use of a shared
display inside a large academab which effectively had a closed users group (the members
of the | ab). The deployment of displays desc
publicé nature, for example, the majority of
thedi spl ay ds o wn e r-Publid Displaysvdidrhighlightnthe 8npartance of using
guestionnaires and informal discussion with users to gain feedback on a deployed prototypical

system O6in situb.

The Dynamosystem has been developed using a-usated 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 stsdighich 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 did 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
Table2-1 summarigs the related work discussed in the previous seadtisingseven

categories selected to help compare the aims this thesis with the aims of related work:
Placei the place for which the prototype has been designed.
Functionalityi a brief overview of thenain functionality the prototype provided.
Length of deploymerit how long the prototype has been deployed for use.

Number of prototypes the number of displappased prototypes that have been

developed.

Design process a brief summary of relevant prosesl used during the design of the

system.

Interaction method$ the available local (ctocated with display) and remote

(separated from the display) interaction methods.
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Screen sizé the size of the screen used in the disfilaged system.

In cases wher information in a particular category was unavailable or undleiaris
denoted by a dasks one aim of this work was longitudinal deployment and use outside of
thelaht he categories of 6pl aceb, 6l engwene of de
included to establish the extent to which this kind of deployment has é&egored
previously. In order to compare the aim of this thesis to maintain simple functionality and user
interfaces with existing relatedwotk he cat egory wasi né6f udedi ofalki O\
pr oces s Gwasinaludedgnoordgr to compare the aim of this work to use a technology
driven and usecentred approachaesith the approaches usdd related work. Additionally,
as one of the motivating scenarios for Hermesuighetl remote interaction (via SMS)tlvian
of fice door display t he iaciuded te highlightthelocalmrelt h o d s
remote interaction metho@splored inthe related systems.

From Table2-1, it is clear that a range of situated displased systeghave been
developed, primarily supporting awarenesgessaging or collaboratioft is interesting to
note that there are very few examples of deployments lasting longer than preliminary user
studies, and even fewer that have involved tlemloymentof more than one prototype.
Additionally, very few examples iifable 2-1 provide a range of interaction methoelgen
thoughthis is potentially a key area &dinctionality enabled by a digitapproachcompared
to traditional papebased display systems (though this is application dependent). A range of
design processes have been usethe variousrelated systems, many incorporating user
centred design or atlbgraphical approaches in order to investigate inseommon with the
work carried out in this thesithe majority ofrelatedsystems where the design approach is

included inTable2-1 have employedjuantitativeand/or qualitative analysif use
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Interaction Methods

Name Place Functionality Lengt}l g amhernf Design Process Scl.een
Deployment | Prototypes Size
Local Remote
: e ; : iButton,
Dy n.amzc. Office Door Awareness (_locatlop & calendar) ) 1 ) Touch NoHR PDA (~47)
\Door Displays messaging (voice & text).
screen
Smart Location awareness and 2D
Office Door P - 1+ - Touch None PDA (~47)
Doorplates navigation.
screen
. i . Observation of th . >
Roomwizard Meeting | Management of meeting rooms. | Long Term Many S i e TO_UCh Web 6.4
Room Door 2 2 = ! domain. screen
TxtBoard The Home [SMS person-to-place messaging. | 2 months 1+ BRI i _explore To.uch SMS 8~
the domain. screen
Awareness ey
OutCast Office Door | , ; o> ; - 1 - screen, IR None 20
(calendar entries and location).
badges
TWW ; ; S
i Dormitory Messaging via hand-drawn Touch .
Message ? e Months 1 - Web -
Door pictures. screen
Board
Sharing of interruptability Multi-phased exploration ( rlf're%::ed
LabraDoor | Office Door information, notes and digital - 1 D =P None Web P10)
of the domain. onto a
art.
door).
Family Messaging via hand-drawn Use of prototypes as Touch i s
Message e Kuie ictures ) ) technology probes screen Tiessage 1
Board P i &P ’ boards
SPAM Sl SMS person-to-place messaging. 3 years 2 UleK ofprototypes £ i SMS 12*
Offices s . technology probes. screen
Ariadne Bdesing Signage/room management. - - - None Web 1040~
Rooms
Notification Research : s e PC-based i
Shared media space. - 1 deployment and None g 72
Collage Lab a2 application
observation of use.
Informed by study of
Office Instant Messaging on a existing work. Desktop Large
IM Here SR large public display and 6 weeks+ 1 Qualitative and Keyboard | IM, the plasma
promoting awareness. quantitative evaluation web. screen.
of use.
Low-fidelity prototyping
g s Social Encourage socializing by the 2 one day o obse_rvatlon. Laptop ~Lafg ©
Opinoinizer : i i e : 1 Qualitative and None screen
gatherings public sharing of opinions. userstudies e : keyboard e
2 = = quantitative evaluation ? projection.
of use.
’ Users studies, iterative
b rapid prototypin, Large
Plasma spaces in an Sharing of content Did profobypias. Touch  |[E-mail and =
. i s 10 months— 3 Qualitative and plasma
Poster office (text, URLs, images and video). e : screen web.
% quantitative evaluation screen.
scenario
of use.
‘Coffee- Iterative user-centred i
s ; § ; e i 50
. corners’ in Presents information to design, qualitative and | Touch
Vista : : 4 days 1 T : None plasma
an office stimulate conversation. 7 quantitative analysis of | screen S
environment use. )
; . ; Large
. . Support awareness, foster Analysis of design
Semi-Public ; S : g ; touch-
" ¢ An academic coordination and encourage space and domain, Touch
Displays s : 2 weeks 1 : B None enabled
lab collaboration between members questionnaires and screen
- SMART
of the lab. informal feedback. Jeniew
Board™.
] Keyboard, Multiple
Public : iz o large
. Cooperative sharing and . . : Tterative development mouse, 5
Dynamo spaces for 2 user studies 1 : - i None screen
et as exchange. incorporating feedback. |laptops and s
= PDAs £
PUbl.l 0 ; : Touch 507
spaces in an | Personal access to information Large-scale field study "
BlueBoard 5 - 1 B e y screen, None plasma
office and group collaboration. with observation of use.
P ] RFID tags screen.

Table 2-1: Summary of Related Work.
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2.3  Relevant Design Methodologies

This section provides aaverview of design methodologies relevant to the design
approach usedh the Hernes system, including the approaches using the related systems
described in sectio.2 and summarised ifable2-1. Firstly a discussion of the origins and
meaning of usecentred design is presentédljowed by an overview of different prototyping
approaches. Next, participatory design, as an example of &erseed design approach, is
briefly described and finally raoutline of ethnography is given including a discussion of

cultural probes and tenblogy probes.

2.3.1 User-Centred Design

As can beseenfrom Table2-1 only one system (Vista) is explicitly listed a utilising a
usercentred design process. However, t=amtred design is a broad term which
encompasses a range afstgn approaches within the area of humnamputer interaction.
Central to the ida of userxcentred design frorfNorman '86]is the focus on supporting the

needs of the user through t heowhgesttadmds i nterf

AThe needs of t he user should domi nat

needs of the interface shoudldo mi nat e t he desi gn|[Namant he r
'86]

In [Sommerville '93]Sommervilleet al discuss the role of sociologists in designing
interactive systes) and define usercentred design in a pragmatic contexhich helps

describe what the process migintolve:

il n -aerdredr design, endsers become part of the design team and are
continually available to comment on and to evaluate proposed designs. They mayvidmmsel

suggest appropriate user interface designs. 0

Building on the ideas from Normain [Noyes '99]a practical approach is taken to
carrying out usecentred design and the term is defined asuthioly a flexible approach

incorporatinga range of techniques to ensure users are involved in the design process:

A.. we assume that cemer edef idrist igmd cfanoduedhe
design process, from soliciting user opinion, to designing to accommodate work actiwities,

designing to accommodate the capabilities of

One key technique allowing a design to be communicated to users in order to aid
involvement in the design process, synonymous with-casetred designNorman '86][Dix
'97b] [Noyes '99] is that of iteratively refining a design using prototypes. More specifically,

in order to ensure that user 6s sembedyisgtler e met
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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 furttiee in

following section).

One particular design approach which is heavilgregntred is participatory design
(PD), this is discussed in secti@rB.3

2.3.2 Prototyping
Prototyping isusuallya low-cost technique to allow a user to evaluate a design and is
used heavily in iterative desigidix '97b], refining a design based on feedback from a

prototype. Three main approaches to software prototyping[&dastmerville '01]

i) Evolutionary Prototyping whereby an initial implementation is refined until it is

satisfactory,

i) Throw-away Prototyping whereby after a prototype is evaluated it is discarded

and another develogdrom scratch,

iii) Incremental Development whereby individual system components are

developed using evolutionary prototyping within an overall system architecture.

Prototyping is an important aspect of user interface deigruésen '04][Preece
'02], [Dix '97b]) and a range of different techniques are possible depending on required

fidelity, for example:
i) Paper prototypeis whereby the design is simply sketched onto paper

i) Screen prototyp& whereby the design appears as it is intended on a computer

screen but mvides little or no functionality

iii) Wizard d Oz1 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 prototypé whereby a fully functionakystem is generated, most
likely though a rapid prototyping Fi t t approaéhO 5 ]

Prototyping wasusal in the work on Vistgwith four prototypes of different fidelities
being produced)Opinoinizer(using a paper prototypend Dynamqu t i | i si ng O6i nter
versions of theystemas lunctional prototypes in user studies

2.3.3 Participatory Design
Participatory design is term used to describe an approach originating from

ScandinavigMuller '91] in which the prospective users of a system actively participate in its

30



design (for a recent overview specific examplesf PD approachem usesee[Torpel '05).
In addition to collaboration with users during design procassther goabf PD is touse an

iterative desigrprocess where techniques are used to:

ARéprovide the opportunity for the users t

developers to fexperi ¢oomieeiy'98he new wor k pract

These techniques include brainstorming, storyboarding, workshogps 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 outsi@earfdinavia in wadapted
form, primarily due to the additional challenges of including users in a design process to such

a degree and organisational iss[Msller '91], [Blomberg '90]

2.3.4 Ethnography

Ethnography originates from the fields of anthropology and sociology and essentially

involves aresearcheobserving and recording tasks a user earaut in his oher workplace:

iéet hnographic field work typically invol
of observation and hsitu question asking, carried out while participating in the ongoing

activities and e[Jomant96] of a community. 0

The key advantage othaeography is that it does not rely on a user articulating the
taslks they carry out, which can be problemalommerville '01] Ethnography can help
provide a deep understanding of a domain to aid understanding of requirements, and can help
inform requirements. Traditional ethnographical techniques indiirget observaon, 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 unknowoilecting and
returning information. Cultural probd&aver '99]are a technique used to help understand
uses and inspire design ideas fort ec hnol ogi es that <could enric
pl easur aHdGaeer '99h A sultutal probe pacKgiven to participantsn a cultural
probe study)kpecifies evocative tasks or questions and includes suitable mediums to record
information. For eample, 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 sessitiirgs{Hemmings
'02] where traditional ethnographic techniques are not suitable (for example withigisgc

patients).
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Technology probegHutchinson '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
protaype, simple enough to bexible inits use (toallowii nnovati ve and unexXx|
[Hutchinson '03]to be found)which collects usage data-#itu that can be used to uncover
information about users and inspire new design ideas. As discus$iddtaminson '03] a

technology probes exples three main goals:

fi éthe social science goal of collecting information about the use and the users of the
technology in a reaWworld setting, the engineering goal of figkkting the technology, and
the design goal of inspiring users and designersittktbf new kinds of technology to support

their needs and desireso

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 thatoasgred design is a broad term
which necessitates including the user in thageprocess to meet their nee@metechnique
used tameet tleseneeds is iterative prototyping where a user can easégwhat the designed
envisioned andprovide feedbackParticipatory design was described as one heavily user
centred design approach which has been used successf@bandinavia, but which is less
appropriate (in its original form) elsewher&thnography was described as method to
understand a domain and users needs through observédthlin the workplace. Cultural
probes were described as a technique to helpega&thnographienformation and inspire
design which inspired theoncepto f t echnol ogy probes. The two
similarities, such as the use of packs containing materials allowing participants to record
information, however technology fres 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 usingy $Veiderd e a s
of tab, pad and boarsized ubiquitous display systems. In many cases, aspects of related
work were similar to the aims of the work presented in this thésisexample several

systems were based around door displays supporting awareness adiuhation. The
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summary of related research presentedable 2-1 highlighted the large number of related
sydems that utilisedlesigh approaches that often included both quantitative and qualitative
techniques tanalyse use. Iaddition, severatystems were d@gned around the notion of
providing an information appliance. This chapter also briefly introduced relevant design
methodologies, such as those used in the related systems, includirgentsed 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 inhenssst(the
aims of this work are presented in sectiof). The majority of related systems have not been
deployed for regular use outside of the typi
addition, none of theetated work discussed in this chapter has begun to explore, specially,

the affordancea digital display system can provide over traditional pdyaeed systems.
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Chapter 3

The Initial HermesPrototype

3.1 Introduction
This chapter details the initial phase of the gesdevelopment and deploymeoit

theHermes system. The prototype was intended to explore the aims of this thesis and acted as
a starting point in order to gather requiremeoitsa range of levels. Terminology used in this

chapter is defined in AppendixE

3.2 Background

The office door and surrounding arearovide a very rie place to study
interaction.Thiskindofl ocati on can b ep riaweteditindudas boths 06 s er
private elements (as delong$to the occupant of the offi} and public (as it is part of the
corridor and visible to all passény). The office door represents the boundary between public
and privatespaces, ofterused as an indication of theterruptibility of the occupant(for
further discussion of theofic door as an O6i nt er d.ughthisthersis gat e w.
and [Jeffrey '02). For examplean open office door generally means that the occupant is
open to accepting visitors and a closed doorapeosite(with variousstates inbetweei).
Additionally, many office occupants psonalise doors by addingartoons photographs or

pictures.

A very common occurrence in the Computing Department at Landdsteersity is
that of colleaguegostgraduateand undergraduate students calling at the office of a member
of staff unannounced in the hope of anhmd meeting.This makes the office door an
interestingplace toexplore issues such as messaging, awarépeassgarilyof t he type Ow
t h e,rcapf@nation and contexsharingas it isoftenthelocationwhere a visitor to an office
finds thattheycan or cannot see the pergbry seeklnevitably,a member of the department
might be unabldgo attend a scheduled meetilegding to visitorscalling athis or her empty
office. In addition to the atioc calling at an office, of course, scheduled meetings also take

place in officesOftenif a staff membeis urable to attend a prearrangedetieg and haso
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way of contacting the visitor in timée or sk will leave a paper message on his ordur
specifically fa the visitor or telephone a secretary or colleague to do thishémn. This
demonstrates how members of the department take the sdiightion of arranging a
meeting seriously, though cldathis may depend on the peiged 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 of fice 1is by usi nderdatmanadto hisoar mmerdoofr, fome s s a g ¢
exampls seeFigure3-1. Me s s avlgrel efend té hae a predefined set of messageéth

same form of pointer thatan be changed as appropriate.

vaii Ange
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Figure 3-1: Examplesof Me s s avhirers@® a n-i NokRe® s t

Paper not es areobvibusly mexpgensiveamanubacturehave adow cost
in terms of efforiand it is inherently clear whether or not they are operational. i#Ewsome

potentially undesirable physical properties cambgerved

i) lack of security- it is easy for someone to maliciopsemove a papenote or
change a me sdis@Eagirg apublicly actessiblé messagiso ay
passeiby could attach a aper note to an office door(or move a message
6 wh i rwhiehrwbyld be assumed to have been #utions of theoffice

occupant,

i) no remote acessibility - it is necessary to contact a secretary or colleague
physicallyinsidethe Computing Departmei author and place a papabte or

change a messagwhidofihiter | er & remotely

For a visitor arriving at an empty officat that location and timlee or shes unlikely
to have many ways of leaving messagéor the absent occupar(unless, for exampl the
visitor had the occupantdés mobile telephone

even placepaper pads oside offices for visitors to leave messages on anikitor is, of
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course,free to place gapernote on an office door shoulie or $ie wish to. Howevera
message left on an office doonisible to all passerby which, in some cases, may not be
desirable. Ongoossiblesolution might be to provide the mobile telephone number of the
occupant on the office door (perhaps inviting theiter 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 approaghs used when designing Hernvelsere eah phase
began with specific objectivar line with the aims of this thesi¥he development effort of
the Hermes system focussed primarily on owners of door displHyis was because
supporting adoption and use by owners weastral to exploring thee aims, andwith limited
resources visitors received comparatively little attenttrac h phase started |
prototyping and deploying an entire instance of the Hermes system (starting from the previous
codebase prior to the initial phase) includingw features and required modificatiofitie
Hermes system effectively acted as a functional prototype and was developed in an
evolutionary mannerDuring the development process potential features and user interface
designs were discussed with and denmrastl to other members of tldevelopment team
providing a form of expert analysis. Following deployment, prototypes were then iteratively
refined using feedback from door display owner& i t t .oThe contpletg history of the
technical changes made to Hermes is listed in Appendix Apfiased 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 devetognt 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 t,armthentdéployndadr displays duide ghe efficasrof o
two of the system's developers. This approacl
but with door display owners where low reliability and initial problems were not likely to
affect future us¢ F i t t .oThe pbaBe51] prototype walesigned and evaluated inside the
development team. While this approach was open to the requirements capture problem, the
design team were effectively experts ore tdomain (having worked in the Computing
Department for significant periods of time) artdst enabled a prototype to be produced
relatively rapidly(without theneedfor 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 agphent and supporting adoptidrom ownersby 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 thedio combinetechnology driven and user
centred desigrf, with limited resourcesan eclectic approach was taken. In more detail,
continual informal feedback was sought from owners via discussion of potential features,
demonstration of exgiing features, reports of problems, sfiecsuggestions for immvement
andgeneral 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 pyoxirtie 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 informahokés of qualitative feedback, formal
methods such as a questionnaire and a-seuncturel interview were also used to investigate
specific issues such as ownero6s use and pote
to help understand adoption angeover the longer termwith limited resources (rather than
evaluate a specific user interface design where techniques suéht a@si n k al ouds®d
observational methodsould be more appropriate). Additiongliytilising informal feedback
through discussin 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 usehie o r e al
worl doé, all owing an owner to use a prototype
Hermes system was logged and, in conjunction with the simple unrestrictive functionality,
allowed the door display® act as a form of technologyrgbe [Hutchinson '03]to help
inform the design. Not only did the deployment in this manner enable the collection of
gualitative feedback (described in chapter 6) but logging enabled use to be quantitatively
analysed (described in chapter 5). This further enabled the umitingfaf use and exposed

new requirements. The development approach helped support the aims of this thesis of

8 The definition of usecentred design in this thesis means the involvement of users, or in this case the
owners of door diplays, in this design process to help meet their needs (this definition is discussed

further in sectior2.3.1).
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allowing initial acbption and continued use by usifegdback to inform the design of features

to | ower ownersod barriers to use.

3.4 Initial Requirements

This section discusses the initial requiremehéd the Hermes system was subject to,

in terms of implicatioafor theapplicationin general and installation.

3.4.1 Application Requirements

To fulfil the aims described in sectidn5 the intentionwas to make thanitial design
of Hermes simpland 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 restriting the way in which the system could be used. For example, a web
based iterface enables interaction via virtually any computing device with a web browser and
internet access, while a system utilising ent

the maintenance of an accurate andaidate schedule using a specific bpgtion.

In order to support asynchronous messagiigc(issed iraim 1 in section 1.5) in a
simple mannerthe decision was made tiesigna prototype providingimple functiomlity
analogous to a paper note. Téfere, the initial requirement was towvaéop aprototype
allowing an office occupant tsharea message associated with his or her dooradiogv a
visitor to leave a messader the office occupantThe Hermes system was intended to
augment rdter than replace existing pagmsed systemgliscussed imaim 2 sectionl.5).
Therefore, in order for owners to adopt Hermes and tuse dddition (or in preferengdo
existing papebased messaging media an incentive must be percfadkus '90] Even
thougha the properties of a digital system enable a range of additional functionhlitiz

might encourageuse, 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 Pdishote)
i) reliability (i.e. theownershouldnot 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[Brana

'94]) of space plan(interior layout) andservices(communication and electrical wiring). This
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meant discuson was required with the appropriate stakeholders in order to ensure that

deployment could proceed and to highlight areas of particular concern, primarily:
9 compliance with university safety regulations,

9 compliane with disabilities legislation.

Two othe important installation requirements considered were:
9 ea® ofdeploymentand develoment
9 appropriatesecurity.

These requirements are discussed in detail in the following sections.

Compliance with University Safety Regulations
The fact that Hermes dooisglays were to besituated in a public locatioand were
required to rurconstantlymeant the system had to comply withthe ncast er Uni ver
Health and Safety regulationBrevious attempts to experiment withe use of ubiquitous
displays within the department (e.gh¢ Flump systenjFinney '96) had been thwarted by the
health and safety regulations that forbade the deploywfenonstantly®dnd High Voltage
equipment wihi n t he Uni v e Effedtively dhis restrictiom mehiot rthat. the

displayshadto be basedn a low voltage unit, such as a PBAlaptop

Compliance with Disabilities Legislation

Current UK disabilitylegislation states that public facilitieseteto bepositioned at a
height that does not unduly discriminate against people usivitealchairfDisability Rights
Commission '02]For this reasothe door displays hat be situatedt arelativelylow height
from the floor (approximately 150 cm)in the future, it would be desirable to make the

displays more accessible to talésitors

Easy to Deploy and Easy to Develop

One importantrequirement forthe Hermes system was that it should tedatively
easy todeploy (based on limited resources for carrying out deployment). To meet this
requirement He decision was mad® designthe Hermesdoor display devicesas asef
contained unit rather thafior example,deploying a PC (and associated handyaonthe
inside of an office and a displayn the outsideAnother important requirement was that of
reducing the cablingequired to the Hermes displays (ideally requiring none at all). Véhile

wireless netwde could be used for communication (eliminating the need vidares
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completely)it waslikely that any-self contained mobile deviogould have a relatively short

batterylife andrequite (low voltage) power from an external source.

These constraints narrowed the choice of hardware down to a PDA or laptop (or
Tabld PC) based device. A PDBased 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 applicatendednt
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 wador the display device applicatiolo be rehtively easy to developo a
Microsoft Pocket PGMicrosoft '05a]PDA based solution was decided up@ver Palm OS
[PalmSource Incorporated 'Q59wing to the large touch sensitive screen, higher processing

power and superior Java support.

Appropriate Security

Although access to the Computing Departmeas restricted duringevenings and
weekendsit was unredricted at dl other times. For this reasdhe Hermesdoor display
devicesneead to be mounted in such a way thagiportunistic theft of the device would be
difficult. Additionally, access to buttons on the PDA deuiaal to be removeth order to
prevent malicious oaccidental termination of the applicatiett. 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 @ff-theshel® based PDA two
cardidates were considered, nam#ig CompadPAQ H3600 seriegnd the HP Jornads68.
Both of these devices hadelatively large colour touch sensitive screen, incorpdrat206
MHz 32-bit StrongARM processor, 64MB of RAMyrovided expansion(via PCMCIA and
compact flash slotsand usd the Microsoft PockePC operating systenfter consideration
the HP Jornadavas choseifior two mainreasonsFirstly, at the time, only the Jornada came
equipped with a builin compaciflash slot and thereforecould support wireless 80241
networking without requiring amdditional expansionagket. Secondly, the unit ha
relatively square shapgompared to the rounded back of the Compag iPAQ with
expansion jacketyimplifying case designThe case for holding the univas made from
aluminium andillustrated (together with a Jornada) kiigure 3-2. Note howthe casewas
designed to restrict access to the buttons on the PDA in ordpret@nt maliciousor
accidental termination of thelermes 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 Sation

At an early stage it was decided to use a Java based implementatiba féermes
system. This decision was made primarily due to the gilzfrm nature of Java which
would potentially enable the Hermes application to run on a wide range ote®viAn
additional important factor influencing thikecisionwas supportfor the chosen door display
hardware (a PDA deviceJhe mairglternatives to Java at the timesre Microsoft eMbedded
Visual C++ and MicrosofeMbedded Visual Basic. However, inltimvestigation revealed
that neither of theseproducts wee equivalent to their desktamunterparts, missing certain

softwarelibraries which would be required for implementation of the Hermes system.

Largely due to a lack of available informatian thetime, finding a Java virtual
machine(VM) implementation to ruron aPocketPCdevice meting the requirementgor
Hermeswas a frustrating process. In particular, it was difficult to find\h implementation
supportng the Java CommunicatioA$| to enabd use of th® DAd s s eSudhauppop or t .
was necessary because from a very early statfeeidesign process wasthought that the
use of iButtons [Maxim '05] could prove tobe a useful tool folowering the cost of

authentication to help support adoption for both door display ovemevisitors

The chace of Java VMs fell into two categories, 1) those running under the Microsoft
PocketPC operating systemmd, 2) those supported throughe installationof a 3rd party
operating system on the PDA device. Examplethisflatter category at the timecluded
the SavaJ©S [SavaJe '05{which provideda native Javaperating system for iPAQ PDAS)
ard the possibility of installing-inux on an iPAQ device and running a Linux JakM
ported tothe appropriate architecture. After testing, neither of these two solutions appeared to

be practical (for example the SavaJle OS only supported a very small nafbetwork
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device driversaand an additional memory card was required to install LinuxJamdVM on a
PDA) andneither supported the HP Jornada 8é8ice

Out of all the possible Java VM solutions CrEfNSICom '05]was chosen. CrEme
providedmany advantages ovaiternatives in the sanmategorysuch as the ability to hide
thePok et P C 0 buidt m davabCamndupnications API and supportddditional APIs.
A web pagewas published including the information discoveaddut the various options for

supporting Java on PDA devices to help otlesearchers.

Linux was chosen afie 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 Sunb6s [$umiDBb)tebe configured,sleployed and managed easily.

3.7 Phase 1lnitial Design

This section presents the design of phase 1 of the Heysiesrs 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 starfaint to explore the different features and uncover

further requirements and usagsues.

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 digitalivedent to Posit notes and
message Owhirl ersdé to s Theseaffordancessrybe aded asao us
means to explore the additional possibilities for functionality enablethdyroperties of a
digital equivalent. Consideration of afttances was used to motivatnd evaluate
functionality providedin the Hermes prototype, the most pertinent affordances (compared to
paperbased systems) considered during the development of the initial Hermes prototype are

summarised imable3-1.
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Affordances enabled by a
Digital Approach
(compared to typical paper
based aproaches)

Description

Security/Authentication

With a digital system is possible to ensure that mess
are only accessible by specified parties and alsoothigit
certain parties can leave messages publicly visibiigh

paperbased systemanyne can potentially remove 0
modify aPostit note.

Control Over Visibility

In a digital system messages left by visitors at a diog
not have taemain visible taall passes-by as they would
with a Postit note or message pad.

Remote Interaction

With a digital system there is much scope for configut
publicly visible messages and accessing messages
visitors (via the web, -eail, SMS etc.) With a paper
based system this would require help from anoyker.

Simplified Replying Process

In a digital system, if the sender of a message is kn
this can be used to simplify the process of replying,
example, by generating a newrail message with th
destination field already completed.

Context Awareness

A digital system could, for example, be augmented wi
location tracking system for office occupants &
generate public messages
or integrate witdalendar. own

Table 3-1: Affordances Enabled by aDigital Approach

Conversely,Table 3-2 presents some pertinergal affordances (in the Gibsonian

sense of the term) provided by paperstit notes which might be challenging to achieve in a
digital systemPaperbased 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, tk yellow colour of a Post note might help convey to wisitor that a surface

supports interaction in a similar manner.

Affordance of Postit Note

Description

Expressivity

Postit notes inherently provide a surface which supp
authoring of media wit a high level of expressivity (te
and drawing using different colours and types of p
etc.) which any person can use without instruction

Placement

Postit notes can easily be attached to virtually @
surface, allowing tacit express®nto be used n
messages, without damaging the surface to which
are attached and cae bemoved and fplaced several

Table 3-2: Gibsonian Affordances Provided by a Posit 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, usentred design techniques were then used
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to rdine this initial prototype.The chosen hardware for the door display devices, a PDA,
provided a screen approximatedyx centimetres wide byine centimetres highirg portrait
orientatior) and for simplicity the Hermes application was developed to utitisse default
configuration. In order tesupport adoption (one of the maiims of this work), an important
goal when designing the user interface was that it should besivepje andeasy to use with

effectively zero time to learn.

From the variouspossible design alternatives, the user interface layout selected
consisted of a thin menu O6ébard along the
presented along the top edge of the screen (including the office number and name of
occupant) and contestich 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, contemiseind
optiong 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 backgroundrange was selected, over other eye catching colours such as red, both to
stand out to passelyy 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 systemrusedto 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 (igydigy occupant name
and office number). The current date and time were included to assist visitors in the case of

owners sharing mesges including temporal content

While different variations on the user interface were possible, such as placing the
meru 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 rfeethe menu buttosito be large enough toelpressed
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 sectiBigaiie 3-3, Figure 3-4, Figure
3-5 andFigure3-10).

If the choice of user interface design had not been dictated to a large extent by the
hardware used, one appealing mitgive would have been to usescreen in landscape
orientation. If,for example, the screen had been roughly the same size and orientation as a

Postit note this might have helped convey that the system supported messaging in a similar

b o

mannerhel ping visitors to perceive the dfforda
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affordances are discussed in detail in sectids). 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 plications in parallel with Hermes. It would also have

been interesting to include a webcaiinthe door display hardware had been capable of
supporting this, allowing visitors to | eave
simply as evidence¢hat they had called at an office. The destgnthe Hermes 2 system,
discussed in Appendix J, addressed these limistadnthe original Hermes door display

hardware.

3.7.3 Owner Functionality
From discussion between members of the development team fimfumations to be

provided by the phase 1 prototype were agreed:upon

i) ability to displaya public message,

i) ability to displaya private message,

iii) ability to set public and privatmessages via the web portal,
iv) ability to seta public message via a SMS megsag

V) ability to read messages left by visitors.

These features are discussed in moetaitl 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
messagevisible to all passerby (analogous to a Petnote). A public message could be
textual or an image, an owner was allowed to set an imageén tr support a higher degree
of expressivity than with plain text. The do
mode (as shown iRigure 3-3) when no office owner or visitor was interacting with itttis
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 intetitic display in order to
view the owner6s current public message. The

t his mo d e all ow a note to be | eft for t he ¢
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aut henticate t hems e &doerslisplawner gasableitd 3et hisbrmerp ha s e
public message via an SMS message or via the Hermes web portal.

Office C6 - Dan Fitton
11:33AM Friday 07 June 2002

At Lunch.

Note | LogIn |

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

Ability to Display a Private Message

The posiilities for authentication are where the digital approach used in Hermes
begins to contrast with traditional paper notes (see set¢thafor a full discussion othe
affordances considered in the design of He)mds orde 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 showrFigure 3-4) in order to view a do.
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
messageés shown inFigure3-5. 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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Office C6 - Dan Fitton Office C6 - Dan Fitton
11:37A1 Tuesday 07 June 2005 11:38 07/06/05 - User cheverst logged in
Choose ID & enter PIN

Icheverst 'I

7 8 9 Should be back about 14:00.

Del Clear

Back

OK | Note | Log Out H

Figure 3-4: Door Display Authentication Figure 3-5: Viewing Private Message on
Screen (Phase 1). Door Display (Phase 1).

Ability to SetMessages via a Web Portal

The primary method rpvided 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.HE web portal required a door display owner to first complete an
authentication process using a username and PIN (as shdviguie 3-6) before use. After
authentication the door display owner was presented véthegen similar té-igure3-7 which
allowed a textual public message to be typed in or chosen from a fixed selection (chosen by
the system developers) wusing a 6dr oPrivadeown o
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 showirigure 3-4). Visitor notes were displayed on a separate
web page accessible by clicking am a@ppropriately labelled buttorhis separation was made
to ensuresimplicity. 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 messdges o
6Logged | nd p agwoyldhbave slightlylinersased ttheeceniply of the page.
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Hermes lo gm Logged in to Hermes

Current Public Message

User Name !Dan's Office Ll
Idanf

Current Private Message

PIN [Hithere!
IT Update Messages
Login | Upload Image
No new messages
View Messages
Figure 3-6: Web Portal Login Page Figure3-7: Web Portal oL
(Phase 1). (Phase 1).

A door display owner could upload amage to be used as a public message by
selecting the 0UplFygae3-7) Tha doerddispiay twner nvas there e
presented with a user interface similar to that showFigare 3-8 allowing the desired image
to be found in the | ocal file system, t hen
current public message. Due to the limited computational resources and storage capacity of
the door display hardave (discussed later £15) 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)rigure3-9 shows how the web portal appeared with a public image set.

Upload Image Logged in to Hermes
l = I Current Public Message
Upload
Back I Change
Log out I Remove I
[Dan's Office =
Current Private Message
IHI there!
Update Messages
Figure 3-8: Uploading a Public Image Figure 3-9: A Public Image Message
MessaggPhase 1). (Phase 1).

Ability to Set Messags via SMS
In addition to using the weportal to seta message, the owner of a Hernte®r
display coulda | s o us e (GBoMdlessa§eMsBrvice) in orderdet a textual public

message, allowing interaction from mobile device This feature was motivated by one

48

u



system develper (and lecturer) by fear of being late for meetings, who desired a simple
mechanism for informing colleagues in this eventuality (this scenario was discussed in detail
in sectionl.1). An example of a display showing a typical message received via SMS is

shown below irFigure3-10.

Office C6 - Dan Fitton
11:31AK Friday 07 June 2002

Stuck in bad
traffic - running
30 mins late.

MNote I Login

Figure 3-10: Example of a Public Messag&ent 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 iigure3-4), 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 enabléhe owner of adoor display to read visitor notes. This
web page was dynamically genedht@hen accessl and displayedany visitor notes which
hadbeen | eft on t he (and notyetidsletgdnechromelagicatiarderdm| a vy
order to make the web page as simple as possible the notes were displayed full size (rather
than, for exampleusing thumbnails and requiring tlognerto select the desired notés
can be seen frorkigure 3-11, this web page also identifietthe time and de that each
message was left. This aspect of the Hermes systerained relatively unchanged during the

deployment.

The identity of the person who left each messagealso presented but, as with its
traditionalpapernote counterpart, the Hermes system does not require visitors to authenticate
themselves in ordeptleave a message. However, if thsitor authenticatd themselveghen
the owner 6s t ask o fwassiraptified/ Byrclgking on the bppropneées s a g e
button positioned alongside the authenticated message (e.g. the bottom message shown in
Figure 3-11) the ownerwas presented with a partially completeehail form. This feature
provided an additional affordance compared to paper notes, that of simplifying the process of

replying to a message from a wisit
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Figure 3-11: Viewing Visitor Notes (Phase 1).

3.7.4 Visitor Functionality

The Hermes system was desigredththat a visitor to adoor display could not
access notedgft by other visitoron thatdisplay.Hermes was designed in this way to remove
the restriction of paper Pestnotes that all messages left by visitors dsible to passerby.
This feature was clearly enabled by this digital equivalent compared to paper notes and it was
hoped that the featel would encourage visitorsto leavenotesl di t i onal | vy, i f a
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 restrictionplaced on the function&i available to visitors was thatvisitor must be
co-located with a Hermes display in order to leavete the design of this functionality was
of course the same as a paper fasbte. However, this restriction could eadilg removed
and potentially visitors could be allowénlleave messages remotely (though the aims of this
work were not to replace technologies such asad). This restriction was implemented
following discussions with potentidioor display owners andsa based on thpreferencesf

the two owners in phase 1

In order to leae a visitor note on a Hermes displée visitor simply hadto tap on
t heotéeNd b u tmaioHermesmterfade@s shown in theditom left of Figure3-5 and
Figure 3-3). Tapping on this button resultéad a change of mode in whichblank area was
presented to the visitor on which he or s he
sensitive sreen 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 ftasbte and the motivation for
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this was to help convey to the visitor that a note was left in the samesnapaperPostit

note. An example of a message left by a visitor is shoviagare 3-12.

Office C6 - Dan Fitton
11:36AM Tuesday 07 June 2005

Are QU

1N é@ dyp

Keu

Back | Clear | Send I

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

When thevisitor hadcompletel the messagthey simply tappedon theé S & hutton
and the displayeverted to the main user interface mo#ie soon as a visitor note was left at a
door display, assuming the door display owner had a valid mobile pham@engtored in his
or her owner profile (owner profiles are discussed in detail in se@&idrn), the owner
received a notification via an SMS message. Visitors were not given any control over the
sending of the SMS messageadahis 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 noto leave a message they did not feel important enewaghantbotheing the
owner with @ SMS message, conversely a visitor may leave multiple messages intorder

draw attention to themselves.

3.7.5 Early Design Decisions
Several assumptions were made before development began which affected the

architecture of the iniéil prototype. These can be summarised as:
i) Useof an ExperimentalWVireless Netwde

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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i) Central Storage

When designing Hermes (in spring 2002), available PDA devices had limited storage
and processing resources, for example a Compaq iPAQ H3800 [stzielett 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 stefoahplete power
loss also resulted in all data apart from the core operating system being lost. For these reasons
a clientserver architecture was adopted, with a server providing central storage of

information.

3.7.6 Overall System Architecture

The overall sgtem architecture of the Hermes system is illustrateBigare 3-13,
including the main components atite communication between theoolours indicatinghe
different communication protocolor 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 definitiong system components used throughout this thesis:

Central Server a single machine on which important software components required
by the Hermes system were run (such astbetral AgentWeb Rrtal Servlets and logging

facilities).

Door Displayi the nteractive display hardware component (a PDA) deployed in a

specialised housing (s&&gure3-2) outside an office door.

Central Agentit he O0server6 software application

controlled and managed iasices of th€lient Agentapplication.

ClientAgenftt he 6clientd software application w

a user interface (etc.).

Web Portal Servleté a collection of Java Servlets which dynamically genertte

HTML pages comprisinghe web portal .
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Central Server
GSM Networks &

| Java Logging Agent | Log File
1

Java Central Agent Java SMS Gateway

Door Display

1

Java Client Agent

B Java Web Portal 5
Serviets wner
Web Browser \ Profiles

w

Web Portal \ HTTP Server Image
Files
« RMI --.- RMI Callback «= HTTP — File |10 = TCP S ets = Proprietary

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

As the choice of programming language was Java (this decision was discussed in
detail in sectiorB.6), the phase 1 architecture was developed using a-skewner modelvith
JavaRMI for communication (th&entral Agentoeing the server component and @ieent
Agentthe client). This simple design enabled a functional prototype system tovélemkd
and deployed quickly. The software architecture was not the main focus wbthkiand other
remote procedure call technologies could have been used (sucdORBA [Object
Management Group 'O6jwhich would have supported interoperability with other
programming languages) or othemmmunication models such as peepeer (for example
using JXTA[JXTA Project '06¢) or web serviceBN3C Working Group04]. However, use of
these alternativaechnologies would have increased the development time required to
implement a functional prototypén order to make image files easily accessible throughout
the system (to support owner message images and visites)nthese were stored at the

Central Server and made accessible via a HTTP server (as shbignra3-13).

3.7.7 Functionality Provided at the Central Server
At the heart of the systemiasa singleCentral Server nghine (sed-igure3-13) that

provided the following key functions:

i) centralised storage forisitor note images, owner message imaged owner
profiles

i) centralised storage of logs,

iii) communication with the SMS ternal,

iv) the dynamic generation and publication of HTML web pages.

53



Centralised Storage of Messages and Owner Profiles
Each door display owner had an owner profile that, during phase 1, held the

information presented iMable3-3. For ease of implementatiohis information was stored in

a o0flatd file that was r e adCemtraltAgentapmicaton Obj ect
started up.

Data Purpose

Unique user ID (iButton ID) iButton authentication and to address messages
Usernane 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 ).

Public image messages and visitors notes were stored as individual image files at the
Central Server and made accessible via a web server (as shokgure 3-13). Providing
centralised storage at ti@entral Agentreduced the storage requirement on the limited PDA
door display devices and was relativelgliable. 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,rihisded:

i) settingof public and private messageg owners

i) messagekeft by visitors,

iii) logins/logouts to the web portal and on door displays,

iv) individual user interface&omponentctions(e.g. clicking on buttons on the door

display user interface)

Due tothe 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 ifrigure 3-13). Textual informaion 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. dfalog 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 ifFigure3-14.

dynl96.dhcp.lancs.ac.uk/148.88.241.150

14:22 07/05/02

acticnPerformed - source: java.awt.Button[buttoné,117,0,117x23,label=Log Out]
dynl9é6.dhcp.lancs.ac.uk/148.88.241.150

14:22 07/05/02

User fittond logged out

dynl9é.dhcp.lancs.ac.uk/148.88.241.150

14:22 07/05/02
actionPerformed - socurce: ja
dynl96.dhcp.lancs.ac.uk/148
14:22 07/05/02
actionPerformed - source: java.awt.Button[buttong,0,0,78x23,label=Back]
dynld9é.dhcp.lancs.ac.uk/148.88.241.150

14:22 07/05/02

actionPerformed - source: java.awt.Butten[button7,0,0,117x23,label=Note]
dynl9é.dhcp.lancs.ac.uk/148.88.241.150

14:22 07/05/02

acticnPerformed - source: java.awt.Button[button9,156,0,78x23,label=Send]
dynl9é.dhcp.lancs.ac.uk/148.88.241.150

14:22 07/05/02

Anonymous note sent to 764066420633315216087
dynl9é.dhcp.lancs.ac.uk/148.88.241.150

14:22 07/05/02

a.awt.Button[button7,0,0,117x23, label=Note]
£.241.150

v
-]
=]

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

Sending and Receiving SMS Messages

In order to supparthe reception of SMS messagasVavecom DB02 GSM terminal
was usedThe GSM terminal required a SIM card and messagere sent and received using
a specialised AT command set sent over a serial connection. A piece of software for Linux
called SMSLink [Andersson '0O5]was used to interface the GSM terminal, appending
messages received to a plain text &éinbox©
session over TCP. The GSM termiaald SMSLink program are not shownHigure3-13 as
a Java SMS Gateway application was used abstract over the SMSLink program. This
simplified the sending/receiving of SMS messages to/fronCtrdral Agentand emabled the
underlying implementation of SMS sending and receiving to change (i.e. by modifying the

SMS Gateway application) without having to changeGhatral Agent

The inbox file created by SMSLink was parsed at regular intervals by the SMS
Gateway aplication. New messages were passed to Geatral Agentvia a JavaRMI
callback[Sun '05ajand 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 WebPages
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 Servilets hosted using Apache Tohpeathe Software

55



Foundation '05] This enabled HTML pages to bergerated dynamically through integration,

using Sunb6és Java Remot EBunNé&d, hwithdthe CemtxaloAgent i o n
application.

Software Architecture

Recall from sectiorB.3 that a phased development approach was used, this section
documents the interaction taeeen components in the software architecture during phase 1. In
this thesis interfaces are referenced using a fixielth font (for exampleCentral  Agent

Interface ) and Objects in a different font (for exampleerData).

Setting a Message at the Web Ptal

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 th&€entral Agentwhich then updateSlient Agent(running on a door display). For
simplicity, Figure 3-15 does not show the process of iNeb Portal Servleter Client Agent
connecting to an RMI registry in order to lookup the oé&Tentral Agent Interface for

the Central Agent{bound to the RMI Registrgunning on the Central Servgreviously).

Central
Agent Sy
_— 7 T T~ Interface 1: Register Client Agent — Client ~ <
~ Central N 2: Get UserData / Agent \
/ Agent ! ( K |
( | 3: Get UserData .
/" 4a: Update UserData £ e J
\ 5 a: Update CcallBacks™ L - -
~ | et | ISR Interface PSS
e — — — / \
/7 Web % Key
( Portal \ l:l User Data
\ / Object
< Servlets £ O Jave Al
~ -
e e Servlet
4b: UserData Update CallBack _| Interface

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

Step 1. RegisterClient Agent - This remote method call was performed as soon as the
Client Agentapplication on a door display starteohd again at regular intervals of
5 minutes. A copy of the€lient Agend s rr e mot eClient CaltBaeks f ac e  (
Interface ) was passed to th@entral Agentduring this method call, allowing the
Central Agento perform Java RMI CallBacks on tldient Agent

Step2. Getuserbata - A door di splay ownero6s profile
messages etc.) was stored insarData object at theCentral AgentA Client Agent
retrieved of wWeepaya objeft asi sbos asdtwtareed i6 srder to

di splay the owner 6s naQiei, e rotf dUsArgntenfated anb e r
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Additionally, at regular intervals @lient Agentchecked with th&€ental Agentto
see if the ownerds public and private me

Step 3. GetUserData Object- After a door display owner had successfully authenticated
with the web port algée3-6folacsgéeem ghot)aekiev | et (
was generated byantdhest®lcegli nmad SehrevIideotor d
browser. This cookie was then used to verify and identify the owner interacting
with the Web Portal ServletsOnce the authentication step was complete, the
owner 6swsweh Wwa®o forwarded t oFigurhb®7fo6 Logged
ascreenshot). Thesaeffont ai ned O6Loggedlnd Servl et, [
Tomcat Servl et r userbate Ob | aicsted@ meteh 06dGett o r
approp i at e door (érDatpdbjacyfrorn theCentrad Agentn order
to generate a HTML page displaying the ¢

private messages (segure3-7).

Step 4a. UpdateuserData Object- This remotemethod call was used by a Servlet to update

a door d i suysdrDatey objectwstored @t sh€entral Agent When this

remot e met hod was called the Servl et p
described previously) along with the new information to @samtral Agent For

example, this call was used when an authenticated door display owner using the
6Loggedl nd Servl et changed his or her p
Figure3-7) . I n this case, iveadthe HTMoppg e@pdrationd Ser v
from the ownerodés web browser, detected v

and call edseban®bpE&ptdédt method as appropri a

Step 4b. userbata Object Update Callback When theCentral Agentr e cei ved an 6 Up

Userbata Obj ect 6 <cal | it firstly checked to
O0RegiClientAgend r emote call from the appropr
ClientAgent | f aClierRAggrids cat | had bGCemral Agetcei ved

used the copy of theClient Agend s remot e Cliemt ICdllbacksf a c e (
Interface ) to perform a CallBack in order to notify th@ient Agentthat its
ownerdéds public or private message had ch
public message set at th'éeb Portal to be refécted on the user interface of the

appropriate door display within several seconds.

Setting a Message Using SMS
In addition to using th&/eb Portal during phase 1 owners of Hermes door displays
were able to set public messages using GSM SMS mesdédgare 3-16 shows the steps

required for this to take place. For simplicEigure 3-16 does not show the process of the
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Central Agentconnecting to an RMI registry in ordey bbok up the remotems Generator

Interface for the Java SMS Gatewaybound to the RMI Registry previously)he
architecture of thdava SMS Gatewawasevent driven usingavaRMI callbacks When an
SMS was received at tllava SMS Gatewagn event washen received at th€entral Agent

via a remote method call.

g H\\\
— -~
i
-

2.5
3 SMS \
/ Listener
Interface 2:SMS Update CallBack
/ Key
Central SMS Java
Agent —l Server Application
SMS Generator InteHgce
1: Add SMS Listener Interface
\ /
b o
S ~

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

Step 1. Add SMS Listener When theCentral Agentstarted it immediately lookedp the
Java SMS GatewdySMS Generator Interface using alocal RMI registry. Next
itcalledt he &6 Add SMS Li stSH®@atchva metreondt eni nhe.
passing it a copy of its OWBMS Listener Interface remote interface. ThEMS
Gatewaycould now peform CallBacks on the remoMs Listener Interface of
the Central Agent

Step 2. SMS Update CallBack The SMS Gatewaymonitoreda pl ai n text O6inb
which all new SMSmessages received are appenadémhg with the associated
information (time, senderetc). When a newSMS messagewas received and
appended to the inbox file tHeMS Gatewaydecodedthe ernry and constructs
SMSMessage object. This object wathen passed to th@entral Agenvia a CalBack
using the remotesms Listener Interface . This enat#d theSMS Gatewayto
notify the Central Agentthat a new SMS message had arriwednediately Once
the Central Agenthad received an SMS Update CallBagknote method call, it
compare the phone number stored in the SMSMessage object with those stored in
owner® UserData objects in order to determine which Hermes door display owner
sent the messagen€e the number of the sendertac e n mat ched to an
UserData object his or hepublic message waspdated The Central Agentthen
attemptedto notify the appropriateClient Agentinstancein the same way as
described in stepb of Figure3-15.
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3.8  Deployment

After development and rudimentary testing of theiahiprototype, two door display
were deployedOne wasdeployed for a lecturer, the other for a research student (myself),
both in the Computing Department at Lancadteriversity with offices on the same floor
(Owners A and B irFigure4-3 of chapter 5) Both of these initiaoor dsplay ownes were
involved in the developmentf the Hermes system and as such were considered tolerant of
failure (which is likely to bea commonoccurrencen an early experimental prototypiitton
6 0)5 Their proximity to the development process allowsltbse owners to informally
evalwate the deployed system through regular usefead information back into the design
process quickly and easilfhe disadvantage of this approach was that it was susceptible to
the requirements capture problem of computer scientists developing systetgsquuse by

themselves and not taking into account other (perhaps less technical) users.

The two door displays received use frdrmoth owners and visitorglirectly after

deployment anthe following section recounts an analysis of the first weekseof us

3.9 Emerging Issues

This section firstly describes the salient low and high level issues that emerged from

deployment of the phase 1 prototyfmcussing on door display owners, these were:

i) unreliability of the wireless network,
i) unreliability of the door play platform,
iii) accidental/malicious overwriting of owner messages by visitors,

iv) trustdependability,
V) ease of use,
Vi) point of realisation.

This informationwasused to infornthe newrequirementsliscussed in sectio®.10

and usd in future prototyping phases (described in chapter 4)

3.9.1 Unreliability of the Wireless Network

One interesting problenthat only became apparenivhen the door display units
weredeployed was that of severe 802.%irelessnetworksignal degradatiowhenmultiple
people stood in front of &lermes display. In suatircumstancesisitors essentially acted as
6l ar ge b ags absofled swffictere BOR.11sigmalto breaknetwork connectivity
between a door display and the Central Server. Thisategliere impact on functionality with

the affected Hermes displagreventing 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 thissituation wasexacerbated by the fact that no appropriate visual

feedbaclkwasdisplayed to indicate the reduced functionality

Please wat a moment

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

In order to helpaddresghis problem theClient Agentwas modified so that whema
JavaRMI call over the wireless network to theentral Agentfailed (likely caused by
temporary degradation in wireless network signal) after a short delay the operation was
attempted again up to a maximwf 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 ti Feure3®) wagpihtredeceaded helpai t 6 s
provide feedbacktothe s er t hat t he aThigdesignavasicrmsen psiraasily 6 b u sy
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 bet@ apparent after deployment of the prototype
door displaywas unreliability of the doorisplay platform. Many crashes and associated
problems encountered after deploymemstre caused by the Java VM, drivefie the wireless
network cardsand the PocketPC operating system. Individually or together, running
continually, these elements have proved a source of instability. Much of this instatidity
attributed to the unusual use of this platform, perhaps not haviag thesiged or tested
under circumstances running continually for long periddsommon 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 eary version of the system enabled visitors to walk afvayn a door display
with the screen stilshowing a visitor notdy simply notpr essi ng t heThS§Fi ni s h
situation posed significant problems. Tfaet thatvisitor ndes could remain on the screen
went against the decisidghat notesleft by visitors should not be publithis design decision
was discussed earlier in sectiBti7.4. Another consequence of thistuation was that the
0 wn eme8sage would not bpublicly visible while thev i s i note reénained on the
screenHowever, the most important consequen€ethis situation was the adverse effect
on t h e trustinwtimesecuditg of the systemwhich could potentially hae a negative

impact on adoption

This problem raised the issue of owner vs. visitor authorship when displaying
information publicly. This issue was especi a
office occupant so occluding a message lefthey 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 balzortcoming, for example if a member of staff were away
il and unable to update his or her doorplate another member of staff would be able do this for
them (as is the case with Pdtshotes: see sectidh2 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 pranksteastempting to play a joke on the door display owners or

system developers, in which case this was perhaps unlikely to be-tetangroblem.

3.94 Trust/ Dependability

One key issue which seemed to be linked directly to dependability was thastod
door dsplay owner or visitowould only bother toadopta new system as part bfs or her
daily routinesif they trusted thait worked correctly (i.e. they perceived it to be dependable)
This seens a logical requirement from a door display owner's pointi@# but in orderto
ensure that the owner does not encounter failure, which may in turn damageetmustigh
levels of reliabilityare required (additionally, feedback on system status might help prevent
encounters of failure)The two factors of depeadility and trust appeared to have a large

impact on use for both the door display owners and visitors.

Initially, the two door @play ownergdespite being developerglere quite sceptical
about trusting that a rseage setvould actually appear outsidbeir respective officaloors.

This scepticism was justified givehat during this early developmepihasesystem reliability
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was poor(as discussed in the previous sections) iarehe case papernote was placed next

to aworking doordisplay.

Office C6 - Dan Fitton
11:132M Friday 07 June 2002

Could not contact
Hermes server -
WavelLAN signal low
or out of range.

Mote I Login |

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

Two properties paper notes and message O6w
provided by a system such as Hermes, are that it is clear when theyrkiregvemd there is
no hidden complexity. If th€lient AgentApplication could not contact th€entral Agent
upon start upan error message was displayed (Sgere 3-18). However, no other indication
of lost connectivity was gen to owners or visitors. For example, iClient Agentfailed to
send a visitCoentrddAgenhoba &t eén 68endd had been pre
would return to the 6émaind mode. Conversely,

theCentral Agent he user interface would also return

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 éor som
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 isswureifivestigation in the fure

3.95 Ease of Use

In order to encouragaitial adoptionand maintain use of the prototype door displays
ease of usevasan important issue to consid€eatures that were time consuming or difficult
to use and appeared to provide little benefit werdylite be rejected by owners, one example
being the private messages function which required the visitor to authenticateltfresise
ability to set messages ameladvisitor notesfrom remote loations using the web portdbr
examplewhen attending fieeign conferences, wagarly useful. The onlproblem that arose
was that initially it was awkward for owners to remember the appropriate web atidingss

was long and included an additional port numbéAr)isitor to adoor display neededo be
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ableto leave a message withoutyaprior knowledge of the system aim/estigation of logs
collected during this initial deployment indicated thvagitors with no prior knowledge of

Hermes had left visitor notes.

When an owner chose to view visitor noteg atoor display in phase 1 (the design of
this feature was discussed earlier in secBoh3d the most recent note was displayed along
with 6Previousdé and O6Nextd buttons for navi g:
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 theb interface for setting messageas
that unless the web page happetete a foreground window on an owner'skieg then no
visual prompting waprovided to remindhe ownerto set a message. Consequeritig,early
Hermes owner$ound that they would leave their officesithout setting a message, dbe
door display, realis thatthey had not set a message and then be forced to rettine adfice
to leavea message via the web interfdoe not leave a message af).allherefore, in order to
encourge initial adoption and maintain useramge of appropriate methofts door display

owners weraecessary.

3.10 New Requirements

This section presents new requirements derived from analysis of the lessons learned

and emerging issues from the deployment efggthase 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 notiaof 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 ag it into their daily routines: which was one of the main aims of this work

(the aims of this work are presented in secfid).

A second issue tightly coupled with dependability was reliability (i.e. theréaiate).
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 providingdigack 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 oatiten. From this early stage of
deployment it became clear that appropriate methods of interaction to lower barriers to use
were essential to encourage adoptenmd the design of these should be a goal of later phases.
Appropriate methods of interactiaran be considered in terms of two factors, existing daily

routines and ease of use.

I f the system does not fit easily into do

much effort may be required on the part of the owner to change them. Use of Mersnast

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 usmmtred design approach
(sectionl.5chapter 1)nteraction methodenabled by this digital equivalent to the traditional

Postit 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 exampieadl, instant messaging technologies etc.).

An important aspeabf supporting adoptiowasthe provision of interaction methods
which were simple to use aratcessible from a range of locations. During phasige two
display ownerdound that use of theweb portal was veryime consuming (opening a web
browser, entering to the correct URL, entering usernamePdNdetc.) anda method of
interaction wien co-locatedwith a door displaywas required. This was becauhke action of
closing an office door wheleaving an office often actess a trigger to remind the door
display owner to leave a messagtighlighting the issue of point of realisation/opportunity
discussed further in sectid9.6. The frustration caused to amvner by having to renter
the office (in order toseta messagejuggested the need to extend the ways in which a

messageauld be seto includethedoordisplayuser interface.

3.10.3  Door Display User Interface Timeout

From the deployment dhe phase 1 prototype wasclear that some mechanisnas
required to return the door display user interfachné® ma modé(seeFigure3-3), if it was
left in any othermode after a priod of inactivity. As discovered, thiwas necessary to

prevent a door displ ay o wn evisibrmotgandbréakingthene s s a g ¢
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policy of visitor messages being private. Additionally the user interface could potentially be

leftinth e 61 ogi n 6 madeswith $inoilar goesgquences.

3.11 Summary

This chapter has presented thstial requirements,design, imgementation and
deployment of phase 1 of the Hermg&gtem. The door displaythemselves werdased
around a PDA device hoed in a custonmade case and Javaapplication designed to
support a limited range of functionalifyn order tohelp support the aim gbroviding an

information appliance

The depl oyment in phase 1 for two O6frienc
development team) wasuccessful in terms of exposing important issues aew
requirements While theseowness may not have been entiretgpresentative of a range of
typical ownerswithin the Computing Department at Lancaster University, fh@yided &
excellent environment where the prototypes could veeei appr oxi mat ebutér e al
where problems such as failure would not affect future uddesedback was received quickly
[ Fitt.on 0605]

Theissueswhich emerged from this initial deployment, such as unforeseen hardware
problems,userinterface and usability issueléd not surface diing testing and use in the lab;

thisdemonstragdthe value of deploymentand useinthe e al. wor | d 6

The issues that emerged during phase 1 were used to generate new requirements for
additional defpyment 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 thenextphases 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 systelowiimlg on fromthe initial
phase 1 deploymenthe development of Hermes focussed primarily on door display owners
(designing functionality in order to lower their barriers to use) in order to exibleraims of
this thesigo investigate adoption and aud=irstly, background information about the owners
of door displays during deployment is provided. Next, each of the five remaining phases of
Hermes are presenteidicluding an explanation of each major modification and an analysis.
Following this, the isue of reliability is examined though a discussion of the primary
reliability problems encountered during deployment and solutions. Finally, a discussion of the

usercentred design approach used during development is given.

4.2  The Later Development Phases dflermes

The development phases of Hermes are showFignre 4-1 with bars representing
development and deployment in each phase.thim following sections phases-62 of
development are described individually eadithva summary of the major changes and an

analysis. A detailed log of all changes made to the Hermes system is provided in appendix A.

66



Phase 6

Phase 5

Phase 4

Phase 3

Phase 2

Phase 1

177
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291
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B Number of Days

24/05/2002

01/09/2002
10/12/2002

Figure 4-1:

20/03/2003

28/06/2003

06/10/2003

14/01/2004

23/04/2004
01/08/2004

The Development Phases of Hermes.

The deployment of Hermeseached a maximum of ten door displays and lasted
approximately twentgeven 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 secdegies, one research student andeaearch 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 shownkigure4-3 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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Deployment of Hermes Door Display Appliances

@ Hermes Door
Display
Deployment (in
Days)

Door Display Appliance Owner
[0]

13/02/2002  24/05/2002  01/09/2002  10/12/2002  20/03/2003  28/06/2003 06/10/2003  14/01/2004  23/04/2004  01/08/2004
Date

Figure 4-3: Deployment of Hermes Door Displays.

The main motivation for the aims of the phasé @ of Hermes were driven by the
aims of this thesi¢to investigateadoption anduse of Hermes from door display owneasd

included:

9 addition or refinement of functionality in order to lower barriers to use from owners
(for exampl e, to help Her me g0 hélp suppokti t h

adoption,
9 improvements to reliability in order to help maintain owner teut 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 fronigure 4-2). The primary objective of phase 2 was topiove
owner s 6 p ethecdeperidabitity of Hesnfida order to encourage use, as this was
identified as a key requirement in the previous phase. This was done by improving system
reliability (see sectio.3.1) and addresng usability problems reported by the two door
display owners in phase 1 that affected trust (see seti®od. Informal feedback from door
display owners was also used to design new features in order to help suppodnadegpti
example, one comment that a door display did not allow the expressivity provided by a paper

note resulted in the feature described in secti@l3 Comments from owners that it was too
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difficult to authenticate and wevisitor notes at a door display resulted in the implementation
of features described in sectioh8.4and4.3.5

Prior to deploymenbf a door display each new owneras asked ta Oregi
web page, where he or she input i nformati on
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 consistedeapkamation of each
aspect of the Hermes system and a demonstration of all the interaction mé&igads4-4
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 ini@e&.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 wa 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 sectiér8.]).
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Figure 4-5: Modified Case Top with iButton Reader (Phase 2).

4.3.2 Improving Trust

I n phasel it was found that pranksters wo
simplenotel ecting o6finishé after drawing a note
problem (this is discussed in detail in sect®h0.3. An upper time limit was placed on the
period that the Ovi si tloerdispaget. 8/hen thimfime §nittwason 6 m
reached th€lientAgenuser i nterface would return to its
note. The decision was made to discard rather than deliver visitor note after the timeout so that
notes left by the praster (containing offensive materialyere 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 o6log outd after aut hentofcati on

inactivity.

4.3.3 Creating a Freehand Message

After a request from one owner (E kiigure4-2, who was also involved in work on
the Hermes project) that the current functionality did not provide the same expressiveness as
his previos paper notes (see sectifr®.8of this thesis for more discussion of the issue of
expressivity) theClient Agentwas modified to allow an owner to create a freehand message at
his or her door display (in order to help suppadoption from this owner). This option was
available once an owner had successfully completed the authentication pFogess4-6

shows an example of a freehand message composed by the owner who requested this feature.
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Office C40 - ww
17/03/03 - User s logged in
Draw your note in the space below

Abandon [ Finish

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 readersh@n

hardware and software platforms were chosen to support this technology, see 8€stods
3.6 for further discussion), the motivation for this featwras to help lower the cost of
authentcation 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 tiatiyna

completed.

4.3.5 Viewing Visitor Notes

In response to comments from one owner during phabkeylfound thanethod for
viewing visitor notes at a door displdjfficult to use the interface shown iRigure4-7 was
designed whih 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 selecdineddvisitor
note by pressing anywhere in the desired row. The use of a table was suggestdddny
display owner but equally appropriate designs might have included a collection thumbnails

allowing an owners to select a thumbnail to see the fullrete and further information.
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Office C40 - v

17/03/03 - User logged in
Select a message to view it

From | Received ]J
Daniel Fitton 10/03/03@10:14
UNKNOWN 14/03/03@19:19
UNKNOWN 15/03/03@9:10

19/03/03@11:13

19/03/03@11:15 *

Log Out Leave Note

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 deschied in section4.3.3 (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 extradfseefor 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 settingreessage.

During this phase it was found that the introduction of iButtons didpnmte an
acceptable tool to lower the barriers to authenticationnorease the extent to which
authentication took placeHowever, it should be noted thanlg enough hardare was
available to equiphree door displays wittlButton reades (the first three deployednd only
four ownershad iButtons Additionally, there were only three reasons for an owner to
authenticate with a door display: to view a private messageewonotes left by visitors and
to leave a freehandublic messageOut of all three functions, only thatter wasregularly
usedand this was by a single owner. However, early unreliability problems meant that he
completely rejected the use of his iButtaa an authentication methodAdditionally, 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 s&fio® and rejectd SMS
as an interaction method too. A different owner commented tibatound the overall
experienceof using his iButton for authentication (requiring him to remove and replace the

bunch of keysn his pocketo which the iButton was attachesijnply too awkward to use on
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a regular basisThese examples highlight the impacttafstdamaging experiences of failure

on adoption.

The use of iButtons for authentication also proved unsuitable as two technical
problems emerged during development. Firgdlye b the low processing power available on
the door display devicesin owner had to wait several seconds after docking his or her
iButton for the authentication process to compl&econdly, the introduction of additional
software libraries to support thButton reader significantly reduced the reliability of iButton
equipped door displays.

During this phasea number of owners commented that they disliked the interaction

model for setting a public messagAn owner would set a public message that effettiv

acted as a O0defaultd message, e. g. a O6cuted
Of ficeo. As necessary, the owner would chang
such as fAGone for coffeeo. CIl ekndlofynessagete o wne

be displayedemporariyb e f or e he or she would wish to re
message. However, in order to remoesethisar 6t e mp
her public message back gée(as shotreidrigure4-8).eThis ed 0 d e
meant t hat the same O6defaulté message was s

highlighted the importance of lower barriers to use to enable adoption from owners.

Set Public Message Set Public Message
Please scribble me anote Goneto the Post Office Please scribble me a
if I&m notin and 141 get T back in 5 minutes noteif 1éGm not in and
back to you! (have got my mobile) 1d1 get back to you!
MDefaultbM essage Oremporaryd M essage dDefaultbMessage

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

Two owners in particular criticised the system for only enabling the readingtes
left by visitorsvia a web page or a Heas 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 #falie that would not require significant additional effort on the

part of the owner.
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4.4 Phase 3

During this phasethe number of deployed door displays was increased from five to
ten (owners F, G, H, |, and J frdAigure4-2). As dicussed in the analysis of phase 2 (section
4.3.6, several owers found the interaction modek setting public messages frustrating and

inorderto addressthis he noti on of O&6temporaryd@&d4hmessages

In response to criticism from a number of owners that the web portal had to be used in
order to read visitor notes (sectidt.l), and requests from two owners in particulamail
integration was added allowing visitor notes to benailed to owners (sectiof.4.2. The e
mail integration also enabled owners to set temporary messages remotely in order to support
adoption fromstaff who notified others of absencg &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 theiog functionality (sectiod.4.3 and
door display owners were allowed to view and change their owner profile via the web portal
(section4.4.4).

4.4.1 Supporting Temporary Messages

The notion oftempoary anddefaultmessagewas introducedn an attempt to create
a simple procedure for enabling an owner to revert backdefauld public message when
his or herdéemporarpgwasno longer appropriat&lhe way in whichthis aspect of the system
workedwasquite simple: when an owner chaseremove his or her temporary message the
previously set default messages displayed. This is analogous to physically removing a
Postit note to reveal a message or picture which has been hidden befind ititenton 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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urrent Default Messag

[ Change DefaultImage J

[ Remove Defaultimage ]

Temporary Message

am running 20 mins late

Back shortly
In meeting

Playing squash
Gone for coffee
Back tomorrow

[ Remove Temporary Message ]

[ Update Temporary Message ]

[ Upload Temporary Image ]

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

As can be seen frofigure4-9, the modified interface enabled the owner to specify a
default message. Typically, thisok the form of a picture (as in the example shown) or a
textual message SRichasas INdaohemdsds mMéss aeeo. Ber
interface the owner was able to specify a temporary message. The door display owner still had
the choiceof selecting a message from a list of preset messages or entering free text. In the
example shown ifrigure4-9 the temporary message field reflected a temporary message that
the owner had entered remotely via SMS but had nobgeh 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 tveb 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 resmgoto the designOne 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 feaimmglemented 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 n
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HTML based email would be sent to the owner containing an image of the messageeh scr

shot example of a Hermes email message viewed with a typical email client is shown in
Figure 4-10. Additionally, the email interaction method enabled a door display owner to
update his or her current temporary textual messggsending an-enail (either textual or

with an image file attached) to a predefineth&il 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 mobiidone via MMS (Multimedia Messaging System) as -amad

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 approacBge sectiorr.3.2for a full discussion of the affordances

provided by Hermes.

K| Lookfor: v SearchIn~ Inbox Find Mow

40| |8 From Subject Received
nesm... New note from Hermes

admin@hermesm... New note from Hermes Thu 07/1
Aanais Rashid RE: Mare excitement Thu 0711}
Adrian Friday Re: More excitement Thu 07j11{!

=
&

From:  admin@hermesmes: To:  ke@comp.lancs.ac.uk
Subject: Mew note from Herr Ce:

The following note has just been left at your office.

Click here to login to Hermes.

M

Figure 4-10: Receiving Hermes Messages via-Bail (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 wireteta/ork 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 thanfat 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 welbpal 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 enail. One additional advantage of this was that owners could now alter
personal information (such asmaail address, mobile phone number etc.) without needing to
contact the system administrator. It should be noted frasimplicity of implementation
changeso owner profiles were stored in ti@entral Agentapplication 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 (sedtiéri) and the delivery of
visitor s 6-mail ¢seceonsd.4)).i Howeeer, five of the ten owners commented,
informally, that the effortequired 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 lowdtather.

Unfortunately, the general reliability dhe 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 wrongpproach. 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
admiristrator. Thirdly, such reliability problems can greatly reduce the perceived

dependabilityof 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 sB@iohchapter 5.

4.5 Phase 4

The main goals of this phase weretvo | d, firstly to use owne
enable adoption by lowering barriers to use. This was done by providing a feature to allow
temporary messages to beickly and simply set and removed (sectiérb.l) at a door
display. Secondly, to tackle some of thdiability pr obl ems t hat har med
(section4.5.2. Additionally, the web portal wasiodified in order to encourage owners to
personalise door displays (sectidrb.3 and, in order to fulfil his specific requirements, one
enterprising door display owner built his own tangible user interface (settof. During
this phasga PDA unit from a door display was stolen and, consequently, steps were taken to

improve the physical security of the displays (secddn5. A questionnaire was given to
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door diplay owners at the start of this phase in order to investigate potential new features, this

is discussed in more detail in sectbi0.1

45.1 Removing and Setting Messages via a Door
Display

When the notion of temporary messagwas first introduced in phase 3, owners
commented that the effort required to remove a temporary message was still toBeyrestl
door display owners (five out of ten) commented, informally, that the door displays were
ideally placed to allow a mesge to be configured when entering or leaving an office but that
they were forced to use other interaction methods (for example the web portabdy. @rior
to phase 4, the procedure to set a temporary message at a door display was relatively
cumbersora (given the need toarry 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 sectiort.3.3 for further discussion of this awer). 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 ifrigure4-11. If the middle part othe screen was touched for a short period

of time, the interface shown iRigure 4-11 was displayed, an owner could then touch the
desired temporarynessage ts et it ( o IThe &GyAtbna wad onaddigd.to enable
owners to remve temporary messages by touching the screen for a short period of time. The
6 s c r e e periadforusettingdand removing messageas preset at one second but which
could be set by a door display owner via his or her owner profile.

Office soon - Kevin Lee

Friday 13 June 2003
Please select a new message.

Back shortly

In meeting

Out to lunch

Gone for coffee

Back tomorrow

Abandon

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

The labelling of buttons depicted Figure4-11 illustrates how a door display owner
could select from a choice of prescribed terapp messagesThe prescribed temporary

messages were stored in the door display own
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using the web portal (as shownRigure4-12). 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.

Preset Temporary Messages

1 |Eack shortly G |Back on Maonday

2|\n mesting 7 |Gonef0rajog

g IGUne 1o gymyclimbing wall 8 Iback soon

4 IEacktDmurmw 9 I
5 IGnnefanun:h 10|

Noatification Settings
SMS Netification on Mew MNote
E-Mail Hotification on Mew Neote

< <

Personal Settings

MName Dan Fittan

Job Title Research Associate
Eoom Mumber |A44

E-Mail Address Idl@:nmp lancs.acuk

Mobile Phone Number I
Office Extension Mumber |1 0334

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

When designing this solution an interesting conundrum involving a security vs. ease
of use tradeff was encountered.o make the task of setting a temporary message as simple
as possible it was decided not to force an ownerutbeaticate themselves. This decision
simplified the ownerod6s task of setting a tem
of this was that the security of the door display was compromised as any visitor to a door
display with knowledge of this feate 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 potentialdag er f or &éprank®d or O6inappropriate:q
(as described in sectiéd9.30f chapter 3). I't was found that
of unauthenticated visitors changing the current temparessage (as only messages chosen
by owners could be set) especially when owners realised that this tdflioigsecurity for
ease of use enabled a temporary message to be set at a door display with such little effort (the

issue of control vs. efforsidiscussed later section6.9.10.

These features were designedptovide a simple means faan owne to configure
messages using his or hdoor display witha very smdl amount of effortin order to
encourage regular ctext sharing using Herméthe issue of control vs. effort is discussed in
detail in section6.9.10. A questionnaire given to Hermes owners during this phase (the
results of which are shown in Appendix C and discussed latdtion4.10.]) was used to
gain owner feedback before implementatibtowever, one possiblow effort alternative

would have been tase some form of location awareness technology (for example active
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badgedHarper '92] to monitor when an owner has left his or bffice and automatically set

a message (e.g. t an offceis lefth@ween 12:@13:Q01 Widild this i f

design would have required little or no effort on gaet of the owneand increased securjty

many owners were not keen to have thedation tracked (as discussed in the results to the

owner questionnaire in sectiegnl0.] and this would have been very costly to develop and

deploy. Alternatives to the usarterface used to set a messésjgown inFigure4-11) would

have included thumbnails allomg images to be sedr even allowing more descriptive
messages to be constructed by selecting the
{lunch, coffee, meeting} back in {5 minutes 10 mi nut es, ) IMhilemi nut e
alternatives such as these may have increased expressivitwehe discarded as a key aim

was to maintain simple functionality and user interfaces.

4.5.2 Increasing System Dependability

In order to help improve systemeglendability an additionallanagement Agent
component was added (discussed in detail in seetiBnwhich 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 navorking door display.

4.5.3 Encouraging Personalisation

The majority of door display owners did not set informative text or an imaga f
default message. Consequently, door displays not having a temporary message set appeared to
always display the same message (for exampl e
was unlikely to attract an owners attention and help remind thenetblersnes. In an attempt
to address this issue owners were encouraged to set a visually attractive picture as a default
message, also effectively promoting personalisati@m thumbnail imagewereincluded on
the main 6Logged | nKgurpdald andaidkingtomthesevsetthe fpllo r t a |
Ssize image as the owner Olhisdesignwas chosendasidhpdeu | t 1 m,
andlow costmethod to support personalisation in this waifie right had ide of the main
web portal pag was chosen to ensure it didt 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 jptomy theownerto ak if they
would like to set a default imagéoth of these options were discarded as they may have

irritated owners.
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Current Default Message Click on an image
to select it as your
Current Default
Message

Change DefaultImage 7,
—
Remove DefaultImage - .-

| —— )‘
= A

Temporary Message

[Back shortly

In meeting
Playing squash

[ Update Temporary Message ]

Gone for coffee
Back tomorrow

[ Upload Temporary Image ]

Visibility precedence of messages from low to high is:
Public Textural, Public Image, Temporary Textural, and Temporary Image.

Last message received 15/09/03

| View Messages

[ Change My Preferences ] [ Log out ] [ Help ]

Figure 4-13: Encouraging Owners to Use Pictorial Default Messages (Rase 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 strongpedte 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 intace. 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 remindeo)fit in with his existing daily routines'his can be
seenas an extreme case of domesticatiadapting technology tparticular features of a

domainand developing new forms of ugdeck '88]

The hardware component (shown kigure 4-14) provided an additional set of
physical buttons (each witlissociated 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
conveed to the ownerds desktop PC via a serial
Windows .NET service. Key presses were subsequently interpreted and automatically used to

configure the Hermes system via the web portal.

Several different physical pitisns 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 illustratedrigure 4-14. Although the owner
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mentioned that locating the device on thsideof hisdoor 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 sectéf.a

Figure4-14. An 6 Owner Developedd Prototype Tang

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 nedderkset (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 whielensed an acceptable traolé for

security (from the administratords point of

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 ussed to
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 wirdke 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 astdrréhe Hermes

application, effectively enabling them to reboot thaerys

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 tasketfing 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. Mawypers seemed to favour this interaction method over

all others, the primary advantage being its speed and ease of use (seebs@&fonfurther

discussion of appropriate methods of interactiémpm the increase in uséexr the addition

of this interaction method (discussed later in secbd) it is clear that this lowered the

barriers to use sufficiently to help enable adoption from door display owHeesfact that

owners were prepared 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 t@tleThis new featurelso had some interesting

impacts on catext sharing as it enabled owners to share relatively unspecific messages from

their predefined lists but the tradéf was that owner set more messages (the issues of
appropriate interaction methods, context sharing and control vs. ease afeudiscussed

further in section$.9.2 6.9.4and6.9.10respectively) As owners were able &et temporary

messages more quickly the temporary granularity of messagehanged. In more detall, as

the cost of interaction was small owners woul
and AGone for coffeed on a regular basis (th

discussed in detail in secti@9.5

The addition of thumbnail i mages to the v
move towards encouraging door display owners to personalise door displays (by lowering the
effort to set a default image). The small selectbimages 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 intéoacinethod 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 secioB.]) and it is interesting to note thateth
association of setting a temporary message Wi
owner. In the future this tangible interface should be a requirement for a system such as
Hermes (see Appendix His this low effort mechanism for sharing text 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 seccdhé 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 relialyiigblems, 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. Firstl yMSNone
Messenger would make an ideal remote and local interaction method for Hermes. In response
to this ownand Besause v was dkely to assist adoption of Hermes by door
display owners,this interaction method was added (sect®.l). Secondly, persistent
storage for owner profiles was implemented in order to avoid the changes owners made to
profiles being lost when th@entral Agenivas restarted (for updates etc.). Nine out of the ten
door display owners persoisdd 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 messepijeatagn
and, as instant messaging applications are fast becoming a regular part of working routines
[Lovejoy '03]to support lightweight textual commigation, they provide an ideal way for an

owners to set messages. Additionally, most instant messaging applications enable users to

oW

share some notion of state with a cl osed use

list etc.) a common exampleibeng 6 At l unché. Users often

h

explicitly through a user interface and seve

automatically (a common example being a <char

interact with h$ 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

refl ect the state of an ownero6s instant me s S @

To enable MSN mesager integratioh the door display owner firstly had to
configure a MSN Messengemeail address in his or her profile using the web pdhahadd

° 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 thétSN Messenger contact list. Once these steps were complete, if an

owner sent aegex t u al

owner 0s

current

message

t o

temporary

t he

6Her mes

message.

Server 6

Once the

owner received a confirmation message (Biggire 4-15). If the ownerprefixed the textual

message Wwi

t h
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to MSN Messenger, the Herm€gntral Agenwould send the owner a message to this effect

along with a URL which will take thewner to an image representing that message (this

functionality could be disabled in the owner profile).

# Hermes server - Conversation

File Edit Actions Tools Help

L
3 e ©
- - K

Invite  SendFiles Webcam Au

kL

=
io  Launch Site

- ]olx]

To: Hermes server <zoidberg@gnomeh.com:

Edd says
Gone to the gym
Hermes server says
Door display message setto "Gone to the gym"

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

4.6.2

Persistent Storage of Owner Profiles

Prior to this phasechanges made to owner profiles were stored in memory and not

reflected in the appropriate file (therefore every timeGeatral Ageniwas restarted changes

to owner profiles were lost). In the earlfgses of Hermes Central Agentrestart primarily

meant t hat owner 0s

def aul teverato daludsenpyd durirgr y

me

registration (he owner registration process is discussed in sedti®nlIf an owner hadet a

picture for his or her default message (especially common after the changes discussed in

section4.5.3 he or she would often infer that ti@entral Agenthad been restarted upon

noticing that his or her default messduygd 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 profdesd this reduced trust in the reliability of

the Hermes syste Additionally, much more information was now being stored in owner

profiles (as shown iffable4-1) than in phase 1 (as shownTiable3-3).
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Data Purpose

Unique user ID (iButton ID) iButton authenticaon.

Username Used to log in on the web portal and on door displa
PIN Used to log in on the web portal and on door displa
Office Number Displayed at the top of the door display user interfa
Full Name Displayed at the top of the door displageuinterface.
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 |
left a note at his or her dodisplay.

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 cuent temporary messag
image.

Ten predefined Temporary Textu The predefined list of ten textual temporary messa
Messages

6Screen Press6 AThelength of time the screen has to be pressed b
a temporary message can be set/removed.

MSN Messenger Enail address The o w-maladidess ased for MSN.

MSN Notice State Option Whet her to update the
based on MSN Messenger state.

MSN Send New Note Option Whether to send owners notification of new notes

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 infeation. A database was chosen due to the
flexibility and potential for replication it providedhe Central Agentwas modified in order
to maintain a copy of the information from the database in memory and ensure that both
copies were consistent (this appch enabled much existing code to beised and enabled
the Central Agentto function in the event of database problems). The use of a separate
database enabletie web portal to be decoupled from fBentral Agent(seeFigure 4-16)
allowing it to function without any dependence on t@entral Agent(simplifying the
architecture and potentially improving the reliability of the web portaljprder for theeb
Portal Servletsto inform the Central Agentof changesmade to the database, a simple
message passing mechanism using TCP sockets was implemigbiedockets were chosen
over more flexible language independent technologies such as §&Aple Object Access
Protoco) [The World Wide Web Consortium '03pr simplicity and eas®f implementation
(recall from chapter 1 that thénas of Hermes focussed more areas such as adoption from
door display owners that software architectufidjis revised communication mechanism for

the web portal is shown fRigure4-16( wher e t he d&édatabase i s abbre
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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 immediate success with those door display

owners that previously used MSN messenger on a daily &adikelp encourage adoption (as

can be seen from the increased use in seétifn For these ownerde interaction method

fitted in well with existing routines and required very little additional effort for adop{tioe

issue of control vs. effort is discussed in detail in sedi@lQ. It is interesting to note how

owners enjoyed the levelf aetail 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 secttodand6.9.4respectively). 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 oens 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 goodllustration of the importance of providing appropriate feedback, which is

discussed later in sectiod€9.4and6.9.3 The mechani

sm t hat

updat ed

message using his or her M3Messenger 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 qualitave 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 leftte Her me s -lciomaé.ct Fdrotfdnat el

Yy,

it

door display owners to see when the MSN Messenger component was not working (the

Her mes ser viernebeiomg ado fofwner 6 s

contact

i st)

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 methoatsd helped enable adoption in the face of poor
reliability (this issueis discussed later in sectiods9.4 and 6.9.3. This issue of trust for

different inteaction methods is an interesting one that is discussed further in &&ian

The persistent storage of owner profiles was a necessary step after the expansion of
the amount of information stored in them (and the high ahanthis 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 mege, predefined temporary messages etc.) every time
the Central Agentvas 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 th reliable database technology (which could be easily be replicated for even

stronger reliability), rather than the potentially unreliabtntral Agentlava application.

It is interesting to note that personalisation was clearly an important issuedor d
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@entral Agentestartor updatg door display owners were
modestly annoyed image uéeldogpersomalisé a dodr displdpe Hamage t

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 mavewdCamputing
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 timeA key aim of development was still to lheenable adoption from door
display owners and uling 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 temporasgage 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 ssage had been removed. She attributed this to
visitors accidentally removing the message (by tapping the scrénle)leaving her a visitor
note but thisdemonstrated how the security vs. ease of use -tHdwas clearly not

appropriate in this scenarand owner trust was likely to be negatively affectedorder 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 atitberetionof the owner (sectiod.7.1).

A single owner r equebsotxedd tshoamte hfeo r eno uolfd Ot
important messages stand oue &lso commented (together with another owner) that visitors
to his door display might find his messages more useful if the time aedod which the
message had been set was visilileresponse tdhese requests the features described in
sectiond.7.2and4.7.3were implemented. A key technicdlange was also made during this
phase (see secti@gn7.4 to help improve reliabilityand remove the need faireless network
connectivity at theCentral Agentin this section the overall architecture at thigd of this

final phase is illustrated.

4.7.1 Enabling 0Secured Temporar
While door display owners found the ability to set (from a predefined list) and remove

temporary messages at a door display without authentication veryl fsafures, which

enmuraged adoptignthere were certain circumstances where this security vs. ease of use

tradeoff was not appropriate (this trade off is discussed in detail in se6t@i(. For

example, when setting an important messagedvalif o r a | ong period (

MobileHCI but checking ena i | back next weeko) the mechan

several shortcomings:

i) if the owner usec default textual messagieis could notoe changed by others
but it coul d ttibgetethhporay messaged by se
i) 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 securifgecurity in the context gbublic situateddisplay systemss
discussed further ifiDix '04]). The main criteria when designing this feature was that it
should be easy to usedarequire very little efforton the part of the ownefherefore he
initial design ofa solution to this problem wasabheckboxwhensetting atemporarymessage
to disableits removal at a door displayA checkbox was chosen in order to add a small
amount of addional complexity This facility was provided (on a per message basis) on both
the web portal with the addition of tnhe O0Di ¢
Figure4-17and on the door display wuser interface

With Screen PressbBiguedtl 8ckbox as shown in

Due to the small ammt of time before the move ofo@hputirg buildings there was

little opportunity to discuss this feature with door display owrsard other solutions may
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have been equally suitablglternativewould haveincludedanrd away 6 mode (conf i ¢

the owner preferences of the web portal) whichyoallowed a textual message to be
configured viathe remote interaction methodsr perhaps some forwf prefix for a textual
message that prevented their removal via a door display.

Temporary Message
I Back shartly —
Emphasise Text W In meeting

Update Temporary Message | Sggsttuorgéf:gﬂlmbmg wall

Upload Temporary Image | Gane for lunch =]

Dizable Display Press Action I
Update |

Wisibility precedence of messages from low to high is:

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

Office Ad4 - Dan Fitton

:_liucly 4 JUT 2T \
™ Prevent remaowal with screen [ress
—

Back shorthy

In meeting

zone to gymiclimbing wall

Back tomorrong

zone for lunch

-

Abandon |

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 ownershedack of
ways to increase the salience of textual mess@igesissue of salience is discussed in more
detail in section6.9.7). For example, to a pasday, a temporary textual message was
displayed in exactly the same wag a default textual message, even though a temporary
message may convey important information and a default message may not convey any
important information per s&/hen using a paper note to display a message, the author could
use different colours andiftkrent sized text to help signify importance (e.g. large red text
would help attract a Vvisitordéds attention

system clearly did not provide this level of expressivity supported by paper niotesstieof
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expressivity generated some important requirements for the Hermes systendeedssed
later in sectior6.9.80f this thesis, and listed in appendix H.

In order tohelprectify this problem (and address a direct regéresn one owner) the
notion of 6normal 6 and dédemphasi sedd messages
formatting options configured via the web portal and stored in owner profiles. For each type
of message the colour of the text and backgrounttidmiconfigured, along with an option to
make the text bold. The user interface to configure these options is shé&wguia4-19 and
the effects of these options are showkigure4-20. Emphasised #ual messages could only
be set using the web port alboxtadoehis s dhdwntinnh o n al
Figure4-17. A tick box was used both because it waguestedrom an owner and it added
minimal complexity to theiser 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
alterndive to allow changes in salience would have beersupportHTML tags in the

messages. This option was not explored due to limited development resources.

| Text Colour Settings

Wormal Tezxt Font Celour Im
Nernal Test Background Colour Im
Hormal Text Bold Font r

Emphasised Text Font Colour IWLI
Emphasised Text Background Colour Im
Emphasised Text Bold Font v

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

Office Ad4 - Dan Fitton
Friday 29 July 2005
Message set on 29/07/05 at 13:33

Gone for lunch

Legin Info

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 Pasnhotes (and the use of different coloured Rosbtes).

4.7.3 Adding a oOoOtimestampdo to Me
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 ot eaniltkmake

messages set more useful to visitérsr example, if amessageréadlsone t o X6 ( X r €

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 twaner might still be in the Computing

Building and be able to find him dwer if they hurried.This feature highlighted another

interesting affordance compared to papased messaging systems, that of automatically

including additional context in messaggise affordances explored by Hermes are discussed

further in sectiory.3.2. This extra information is showon the top part of the user interface

as shownn Figure4-20 and a door display owner wable to disable this feature using his or

her owner profile.This feature can clearly havan impact on the issue of accuraayd

ambiguity (discussed further in sectiérf.9 in messagess, for example, if a message set

overtwentymi nut es ago r ead ifinbghtb&kofliittenhelp to ¥ vesitor. mi nut e s ¢

4.7.4 Removal of RMI Callbacks to the Client Agent

In order for theCentral Agentto perform Java RMI CallBacks on Gient Agent
(used to update the door display whiee bwner has set a new message remotelygémeral
Agentrequired wireless and wired connectivity. Wireless connectivity was necessary at the
Central Agenin order to remove the need to alter the configuration of the routing mechanism

between the wirednd wireless networks (administered at a departmental level).

Theseissueswvereaddressethrough the use of message passing over TCP sdelsets
used to decouple th@entral Ageneand Web Portal, discussed in sectib@.? instead of Java
RMI CallBacks. EveryClient Agentcontacted theCentral Agenton a regular basis (as
described previously), when this process occurred the current IP addres<Cliethiedgent
was stored. When an owner changed his or her list of predgéngubrary textual messages
(or certain parts of the owner profile) a serializable Java object was created containing an
array of string objects containing this new i
Client Agentusing a predefined TCP poTheClient Agentwould thencontinually 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 etcwhich were then used to update the current messag@hescapproach 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 phaEHermes is shown iRigure

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 larchitecture (as shown Figure 3-13), such as additionaub-components for MSN

Messenger and-Bhail supportat theCentral Agent Other key changes include the use of a

database to store owner profiles and the removal of RMiv&ks from theCentral Agento

the Client Agent All the key architectural changes since phase 1 are discussed in the

preceding sectior4.3t0 4.7.

9

/

M

SN Messenger Network 24

Door Display

Java Client Agent

Ymnpe— Rt
e
['~.

Central Server

\

Java SMS Gateway

T

Java Central Agent

B

Java MSN
Messenger Gateway

Java E-Mail
Gateway

3 Java Logging Agent

Owner
Profiles
Database

Web Browser

™

Web Portal

Java Web
Servie

Portal ! \

ts ‘—) Image

><

HTTP Server

Files

— RMI --- RMI Callback == HTTP — File IO

4.7.6

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 viarail, dout the

<ets — Proprietary

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

Analysis of Phase 6

majority did not change the default text formatting setting (though several owners made

positive comments about its presence). Many owners commented that they adchexigd
to pse it Bon

wi t h

the o6Di

sabl

e

Scr e

en Presso

but

example, one owner did not realise that the option was only associated with a single message,

not permanently enabled or disabled. Such preliminary fisdstyppwed that this required
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