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ABSTRACT

In this paper, we describe a new methodology fer dbsign
and evaluation of pervasive systems. We have ttecrai cohort
of 30 participants who are engaging with an intiglinary

pervasive computing project Cityware over 3 yeatse Tohort
has been selected in order to represent a broadfaiges and
technological abilities so as to increase the ego#b validity

of evaluation of systems and applications developed
Cityware. We discuss some of the techniques andadstthat
we have been able to employ as a result of maingithis

group of participants and illustrate how their dé&ads into
Cityware studies and applications. While the co$tecruiting

and maintaining a cohort such as this are relatibigh, the
benefits in terms of the depth, richness and uglidf results
produced in this way are considered to be sigmificAVe

discuss this in terms of the potential for new gesj the type of
data one can collect and engagement within the city
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1. INTRODUCTION

There are a number of serious shortcomings in ourHCl

evaluation. There is often a bias towards the ddabmratory
testing of systems and applications [9]. Laboratevgluation
typically involves technologically literate parf@nts in
controlled conditions, limiting the realism and gealisability
of findings. These problems are emphasized whaenetls no
clear boundary between the system being evaluatedttze
context in which it is situated. Where methods ioletsthe
laboratory are employed, participants still oftavé high levels
of technological ability, diminishing ecologicallidity. Mobile

and pervasive systems are both, by their natufécudi to
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separate from the contexts in which they operdtes& systems
are also usually being designed for eventual usa lggneral
public who are not necessarily technologically able

Recent projects which have explored the relationsigipveen
pervasive systems and urban environments (e.gEth&tor
IRC, Mobile Bristol, Urban Tapestries, Intel's Urban
Atmospheres) have conducted their research lartfelyugh
‘experiences’ or ‘performances’ that in many caseser
relatively small physical areas and in almost aes are held
over short timescales. While previous studies hexglored
people’s social behaviour and relationships withanr space
and pervasive technologies and have provided us$eftings
on which we can build [1,3,4,6], they have not added the
methodological challenges of longitudinal, citylscstudies.

An alternative approach, an example of which wdldescribed
in this paper, is to recruit a cohort of particifsarfrom the
general public, with varying degrees of technolagfamiliarity

and ability, for the duration of a large-scale pmj The cohort
is involved in the design and evaluation of systeamsl

applications using both qualitative and quantigatimethods.
While it may seem that the recruitment and maimeaaf such
a cohort could be a difficult or expensive opematizve aim to
show that, especially in the case of a long-termltirfaceted
project, that the benefits in terms of validity ardiability of

results far outweigh any costs.

Our work can be situated within a cooperative desig
framework which originated in Scandinavia involviadults in
co-design techniques [2,7]. This approach was adapor
technology design with children and fuelled debateund
engaging children as full design partnerships [3] jost
engaging them in parts of the process [13]. Ouraggh is
taking this design methodology with both adults ahddren
and extending it for the design of pervasive tetbgies with a
group of residents of the city. We would arguet tbar
approach takes this form of design one step furthgrrather
than just collecting a set of requirements we aténg our
cohort on a ‘technology journey,” gaining their igtgts but
additionally encouraging them to come up with fatdesigns.

Our cohort is providing baseline data engaging sahility
testing and trials. We are carrying out a rollimglgsis which
regularly integrates data collected through intiéoacwith the
cohort. Our method is evolving according to thetowencies
of long-term field research, but we are drawingaod building
on existing participatory methods that we have tpad in
previous work [14]. This longitudinal work is also
complemented by the space syntax analysis carugdatothe
Bartlett and statistical data from Vodafone on us#ume and
movement in the city we are studying, Bath, a heeiteity in
the south-west of the UK.



This paper provides a short description of the Gitpaproject,
followed by a rationale for the recruitment of dwhort and the
work we have been engaging in with them. We presemte of
the baseline data we have collected from the coduodt then
using two example applications, the context loggerd

Bluefish, discuss the novel types of data we hawn lzble to
collect.

2. THE CITYWARE COHORT

The Cityware project is a research collaboratiorwbeh the
University of Bath, Imperial College, The BartlettUniversity
College London, Vodafone,
(http://lwww.cityware.org.uk). The main goal of theject is to
increase our
relationships with urban spaces and with pervasigbnologies
in order to enable the development of tools antrtepies for
the implementation of long-term, city-scale pervassystems.
Evaluation is a core component of Cityware. The ecopthe
project is such that longitudinal evaluation isicksin addition
to discrete, one-off studies. The longitudinal wdéokuses on
how people perceive the city, how people use permaystems
and how perceptions of the city and uses of pereasystems
interact with one another.

Within the project we are also carrying out tardegtudies,
deploying applications over relatively short pedo@ays to
weeks) and analysing their usability and impactweheer, our
focus here is on our methodology for longitudinakidgn and
evaluation which involved recruiting a cohort off@pants for

study and engagement throughout the duration ofptbgect.

We aim to have thirty participants engaged withghagect over
three years. A reserve cohort of 30 people has hbksen

established, as has a mailing list of other intecesnembers of
the public.

The key novel aspect of this research is the swetaiand
longitudinal nature of our design and evaluatiohe Tinitial
recruitment of the cohort was therefore cruciahi project.

2.1 Recruitment
It was important to consider, before advertisinggfarticipants,

how the cohort should be made up. The first of our

considerations had to do with the size of the cbfidre cohort
consists of thirty participants — as many as poéssifithin
certain constraints, having to do with the manaijgabf data
produced and the availability and cost of necessguipment.
A representative sample was deemed unnecessaryt ivass
desirable that the cohort should offer opportusitie explore
group and individual differences in behaviour. Than factors
we considered in determining the makeup of the dolgiven
its size, in order to maximize these opportunitieste age and
gender, occupation and home/work location.

Age diversity within the cohort is important as weepect

younger people to interact with both the city andthw
technology in different ways to older adults. Usafi@ mobile

device is likely to be substantially different beem younger
and older adults. Nicholas and Chivhanga [11], feaineple,

found that 43% of adults aged 45 and over nevelt senSMS
message, compared with just 4% of those aged beth@and

24,

Gender differences are also well represented inlitemature
[e.g. 8, 10, 15]. For males, the mobile phone effan
opportunity to invite the ‘public world’ into theifprivate
world’, while for females, the mobile phone is atemsion of
their public and family life [10]. An alternativeepspective is

Nokia and Hewlett-Packard

knowledge and understanding of people’
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offered by Katz [8], whereby for females, mobileopk use is
associated with personal security and the maintanaof
relationships with family and friends, while for las, phone
use is associated with fashion, power and virility.

We endeavoured to include people with a range ofijpations.
Other population variables, such as ethnicity aosdnemic
status were considered but were not manipulatéteimake up
of the cohort. Additionally the proximity of pariants’ homes
to the city centre was also considered, the aimgéhat the
systems developed should be usable by both recaar
infrequent visitors to Bath, and we therefore wartteslcohort
to represent a range of familiarity with the cifWhile we do
not report on this within this paper it is worthting that we are
also carrying out studies with tourists to Bath).

In order to recruit the cohort in February 20060aal press
release was designed asking for participants te pekt in the
project. There was a high response rate with 28pamrdents
within a week. A high proportion of these resporidewere
male (80%) and the majority fell between 25-55 geair age.
They responded from a variety of sources includihg Bath
Chronicle, The Register, IT Weekly and the Universipme
Page. In order to gain a more diverse age rangeBtih

Chronicle ran a follow up piece encouraging the oldad

younger participants to apply. Unfortunately ‘CybBuinea
Pigs Still Needed’ was not our choice of title! Hower it was
successful. In order to sift through the 200 plpglizations we
sent out a questionnaire on use of technology deroto gain a
feel for enthusiasm, with a strong caveat that werewnot
selecting based on technology expertise. We thertlistted on

our criteria age, gender, occupation and home/Mocktion.

Our final 30 cohort members included 10 females2hdales.
Occupations were varied including a foster carenaaician, a
fireman, golf course manager, pensions analystjoa and a
potter. Three of the cohort are under 18 yearddanod needed
parental and school consent. We also created aveesehort
consisting of 30 people who receive regular nevesietabout
the project and all the other respondents are kepfile as
potential participants.

All of the cohort were visited individually in ordeéo discuss
the project and were required to sign an IP dis@ai The
cohort is now an integral part of our team and Haiten part in
six workshops, an experimental study and also uakien a
number of challenges.

The primary purpose of the cohort is to participatethe
iterative design and evaluation of applications aydtems
developed in Cityware. As the cohort will thereftwe familiar
with applications and systems developed in Cityvtheerole of
the reserve cohort will be to take part in evahmatstudies
towards the end of the project where it may be gt that
participants are new to the application or systermden
investigation. Members of the reserve cohort can ak called
upon to replace drop-outs from the main cohort.

There are some incentives for members of the cotMetaim to
make events involving the cohort as interesting emghaging as
possible. We are also providing each member o€tthert with
a mobile phone (currently a Nokia N70) and a Vodaf&IM
that allows free unlimited voice, SMS and datagraission.

Part of the recruitment process involved the ctbec of
information regarding participants’ lifestyles atethnological
abilities. This has helped to ensure that we arekiwg with a
group that covers as broad a demographic as pessibl



2.2 Data Collected

Initially, we gathered information on the cohortiestyle,
perceptions of the city, technology use and tmugechnology,
using workshops, questionnaires and interviews.

There are three main areas of people’s behaviatrie are
interested in. These relate to relationships witle tity,

relationships with technology and associations betw
technology and the city. We are interested in heapte relate
to their neighbourhood and to the city. For example are
studying how participants perceive and use landsand how
these are represented in various formats. Our stateting of
people’s relationship with space will feed into @anstruction
of design guidelines for city-wide pervasive systeffrom the
reverse direction, we are interested in how pgicis currently
use technology, particularly the mobile phone ity have
been provided with as part of the project. The gnaijion of

technology-use and use of neighbourhood and cityprvide

an ideal dataset for informing system design.

A variety of methods have been employed duringpttogect in
order to gather data. Amongst these have beenignesires,
interviews and focus group work. We have also besimg
map-sketching and moblogging in order to
participants’ perceptions of their neighbourhoodisignificant
advantage of maintaining a cohort of participastshie ability
to revisit questions at a later date in order tplae issues
further on the basis of initial analysis. This makeeasier to
triangulate data in order to address a problem frouitiple
perspectives.

We have a large amount of background data for ¢hert. We
know what phones participants were using beforesthet of
the project. Participants have completed questioana
regarding phone use at the beginning of the projactuding
functions and applications most commonly used.

The baseline data we have collected also incluéesopality
information and data on use of technology. All gipants
have completed the Eysenck Personality Inventohys Gives
scores on two scales, extraversion and neuroticist®. are
exploring ways in which personality factors suchteese relate
to behaviour in relation to technology. We expextsee an
association, for example, between high levels afroticism
and concern for security and privacy of personaa.ddn
addition, therefore, we have devised questionndadesxplore
general technology use and attitudes towards privacd
security in respect of technology use.

A more specific example of data we have collectdtes to
participants” use of Bluetooth. An initial questitaire on the
subject of Bluetooth, answered by 55 respondentfugimg 30
cohort members), revealed that 94.5% of respondiemtsv
what Bluetooth is and 5.5% don't know.

52.7% only switch Bluetooth (BT) on when they wanuse it
compared to 16.4% who always have it switched iaod 3.6%
who simply don't use it.

21.8% of respondents leave their BT discoverablepeoed to
34.5% who only have discoverable BT when they wanise it
and 18.2% who never have BT discoverable only pak8®%
have Bluetooth always switched on and always digede.

This kind of data is useful for informing our woik the
development of context- (particularly location-)ae services.
We are focussing on Bluetooth as a means for batctiieg
devices and for delivering content. UnderstandingeBioth

learn &bou
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behaviour is a very important step towards the giesif an
effective system.

In a later workshop, we investigated Bluetooth u#hiw the
cohort further. Amongst those who regularly usedeBioth
(26 out of 30), 67% used it for file exchange orly, % for
voice calling (Bluetooth headset) and file exchang# for
voice calling only and 8% for file exchange and porer
synchronisation.

We were also interested in naming behaviour. AlleBboth
devices are named, so that they can be easilyifiéentvhen
creating a connection. On most devices (includingnmbile
phones) these names can be changed. Within thetc@Bé&o of
participants had changed the name from the facprgset
(‘Nokia N70’). Some interesting findings regardim@aming
behaviour resulted from this workshop:

¢ 40% always use the same name (for all mobiles,
computer, PDAs etc).

e 26% always use their own name

¢ 17% choose a name depending on current mood/how

they are feeling at the time

* 9% choose a name depending on the company they are

currently keeping

* 9% choose a name in the hope that someone wilacont
them

Names given to devices covered a wide range. Ruatits
often used their own name or a nickname. Some eeanyl
names chosen for mobile phones amongst the cohitf,
reasons given:

¢ Moshi Moshi - Japanese for hello and becauseadts
* Magic Man — profession; owner is a magician

* Osama Bin Laden — to see if anyone noticed!

¢ Mudslinger — owner is a potter

All of the baseline data that we have for the colean be
compared at a later date. This gives us a gredtademntext
for any data that we collect during the projeckowing for a
very fine-grained analysis of behaviour. At the eatime as
participating in discrete design and evaluationdigts, the
cohort will be generating long-term datasets dbsugitheir use
and experience of the Nokia N70 and the city of Bath

3. CONTEXT LOGGER
3.1 TheMobile Context L ogger Application

The context logger provides an excellent example thaf
benefits of a cohort. As has been described aboveotne
extent, we will be asking for large amounts of ditan the
cohort, over a relatively long period of time. Irder to achieve
this, given the wide range of technological litgradthin the
group, we are employing a novel means of data ciodie. A
context-logging application has been developed (dy
Huebscher and N. Dulay at Imperial College, Londamj has
been installed on the phones of the cohort. Thismaatically
logs various data on the phone and forwards ithgughe
3G/GPRS network to a server. The data collectedidtecl

« Time, date and sender/receiver of text messages

* Time, date and sender/receiver of voice calls



e Camera images

« Applications in operation

 Location (in conjunction with a Bluetooth GPS unit)
* Bluetooth scans

e CellID in use

The context logger has been developed throughmigstith the
cohort. This process has involved a gradual expanef the
context logger user group though an iterative pscef
improvement.

Initially, the application was tested for robusthdésy members
of the research team. This allowed us to beginingsthe
application with members of the cohort without gk the
disruption of participants’ phone use as a restilomerating
system failure or other errors.

Following this, the context logger was introduceddur of the
cohort. There were two areas that we were mosteistied in
developing our understanding. The first area weevisterested
in was understanding how participants would male afsthe
context logger. The second was in understandinticgants’

reactions to the application in terms of privacy.

Two of the participants in the cohort declined tavé the
context logger installed on their phones, due tévapy

concerns. This gave us an ideal opportunity to stigate the
nature of these concerns. The two participantsesharmajor
concern, namely that they had no control over vdwsa was
being sent, or when. In general, they were happlaee us
observe data generated during their use of thegahdowever,
both felt that there were times when they would waht some
data to be transmitted. The data that they werd owscerned
about were location and photos. One was also coadexbout
Bluetooth scans, as these would indicate co-pressiticether

identifiable people. This participant was also @mned that the
content of voice and/or text messages could beclbgalso that
incoming data (e.g. photos/messages send by friemb
family) could be logged and transmitted.

This feedback was extremely useful to have at aly stage in
the development of the context logger, before am®rsig its

deployment to a wider audience. In response toctimements
we received we were able to make adaptations taleken of
the application so that introduction to larger nemsbof the
group was possible. We were able to assure botficipants

that some of their concerns had already been atedar in

the design of the application — voice and text mgsscontent
were not to be logged, for ethical reasons, norewany

incoming data (any data not originally generated an
participant’s phone). In response to their needctortrol over
the data logged, a user interface was designedcthat be
used in order to determine which data would andlevoot be

logged and/or sent to our server at any given time.

While the negative feedback we received was udefulthe

development of the context logger application, fasitive

feedback that we received shed some light on itsipial both
as a personal data recorder and as a research Gua.
participant, for example, regularly (at least ongeweek)
reviews his logged data. As could be expecteds Ipaiticularly
interested in reviewing logs of his location datduich can be
viewed as trails on Google Earth. The context loggebsite
allows the creation of a Google Earth mashup, tliolg photos
taken at locations on a journey. This has helpedthicreate a
record of a holiday, for example (see Figure 1).
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Figure 1: GPS trail produced during a sailing holiday in
Scotland

Perhaps more unexpectedly, he regularly review8histooth
scan data. This is done purely out of interestsée what
Bluetooth names have been copresent with him duheglay.
He is interested both in the number of Bluetooth iaks/
present in various locations that he visits anthannames that
people choose to give their devices.

The fact that the context logs are interesting ghotior
participants to review on a weekly basis is prongsfor our
research. As already discussed, it is very imporfan the
continued success of the project that participéegsinvolved
and engaged with our research.

Following adaptation made to the application in evrdo
alleviate privacy concerns, the context logger dsvrinstalled
on 20 of the participants’ phones. We are now &bleork on
developing the context logger as both a researoh dnd a
means of personal data logging.

3.2 Usingthe Context L ogger

Any data that is held on the phone is potentiatigessible to
the logger. Therefore we can combine the locatiata énd the
phone use data to generate a picture of partigparse of
technology related to their lifestyle and activityhe data
generated by the cohort will feed into various Chygv
activities. These include:

« Generating a picture of digital activity in the Ciof
Bath

» Developing context-aware systems and applications f
mobile phone users

« Investigating individual differences in use of taclogy

« Investigating relationships between technology-ase
perceptions of the City of Bath and participants’
neighbourhood

The context logger serves multiple purposes in GitgwlIt will
be used for transferring data for either short-larg-term
targeted studies, as in our work regarding perogaptiof
neighbourhood and of the city of Bath. It can beduseour
longitudinal study of interactions between peraapdi of
neighbourhood and city and technology use. It algb be used
in the development of context-aware systems, wiyemgchine
learning techniques are employed in order to géaerad test
predictions of behaviour based on context-logsorpto the
development of suitable applications. The contegger will
also be used in order for the cohort to feed intodatabase of
Bluetooth activity in the city of Bath. When the cexttlogger
is recording both local Bluetooth activity and laoat data,



they are effectively acting as mobile Bluetooth seam —
adding to the data described above, generated ®tatic
scanners placed around the city of Bath.

3.3 Perceptions of Neighbourhood and City
Our work in understanding relationships betweenigpants’
perceptions of neighbourhood and city and theintetogy use
will help to highlight the benefit that a cohort pérticipants
brings to Cityware. The novel aspect to this worthis fact that
we are able to work with the cohort for a greatl @édaime and
therefore coordinate a number of different souofetata.

We are exploring perceptions of space over theetlggars of
the project, using questionnaires, map-sketchiniyites and
neighbourhood tours — each of which is repeatedutyir the
project in order to build a picture of changingqestions.

There are two types of map-sketching activitie$ f@aticipants
take part in. On a blank sheet of A4 paper, theyasked to
draw a rough sketch map of their neighbourhoodf{dahe city
of Bath). We deliberately do not give an explanatitbwhat we
mean by the term ‘neighbourhood’, we want to find what
participants themselves think it means for thenmti€pants are
also asked to label anything that they considerbé an
important feature on their map.

The second activity involves drawing a boundary aomre-
printed map of an area (again, either their neighbood, or
the city centre). They are asked to draw a lineesgmting the
edge of their neighbourhood (or the edge of thg céntre).
They are also asked to mark and label landmarkisirwihe
boundary that they have drawn.

These maps communicate participants’ perceptionspaice
very effectively, along with the parts of those agmthat they
feel are important or personal to them. Howeveg, riiaps are
not a perfect source of data. For example, itfiécdit to know

whether the maps drawn by participants are an ateur

reflection of their use of the spaces representeds also
difficult to know why maps are drawn as they arewdy a
boundary follows a certain path, for example.

We are able to learn a lot more about people’sgmians of
space by asking them to take a tour, as if showirmgind a
newcomer, using their mobile phone to record theeegnce.
The mobile phone can be used to take still imagdsp, audio
and text notes. The route of the tour, and thetiocaat which
each document was created, are logged automatibglithe
context-logger and can be sent directly to a rensaever,
avoiding difficulties of data transfer as a reaflparticipants’
unfamiliarity with technology. This activity takepproximately
an hour and can provide a very detailed pictura gerson’s
relationship with a space.

The context logger can also provide extremely usefu

background data regarding participants’ use of&pas it runs
unobtrusively in the background on the mobile phdnean be
left to run semi-permanently, logging location. ©vene, we
can generate a picture of participants’ use of esplaath in their
neighbourhood and in the city.

These four sources of data — map-sketches, qupaiies,
documented tours and long-term context logs — predurich
and powerful picture of participants’ relationshigth space.
There are a number of questions that we are irtéztem
answering, all of which will be answered more dffedy as a
result of the coordination and triangulation of dhemultiple
datasets. These questions include:
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« How do participants perceive their neighbourhoods?
« What do participants consider to be landmarks?
¢ How are landmarks used?

« What individual differences are there in percepiarf
space?

« How are depictions of space similar or differentoas
formats (e.g. map-sketch v. tour)?

* How does perception of space evolve over time?

« How does use of technology (i.e. moblogging, contex
logger) affect perception of space?

The long-term participation of the cohort, and dgpient of
the context-logger, will be invaluable in helping explore the
answers to these questions.

3.4 Preliminary Results

Results so far indicate some interesting themesfddher
investigation. Regarding neighbourhoods, it seenasethhat
participants often have multiple conceptions ofgheburhood.
An example from one of the participants from th&a will
help to illustrate this. We will draw on data frahree sources
— the sketch-map, the boundary drawing and thenbeigrhood
tour.
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Figure 2: Map-sketch of Neighbour hood

This participant’s sketch-map covers a relativelyal area.
The participant’'s house is in the centre of the n@apd the
edges of the map extend to cover an area appralynai4
minutes walk from the house (see Figure 2).

The boundary marking on the pre-printed map extendsh
further than 3-4 minutes walk, in order to incluilequently
used shops and services. The house is still atghtre of the
neighbourhood as marked, but the shape of the l@ound
irregular. For example, there is a loop to the mairt order to
include a gym, and a loop to the south, in ordemtdude a
favourite walk to a local pub. See Figure 3.

Both the sketch-map and the boundary-marking taske we
introduced as having reference to the neighbourhood
Therefore, the difference in the area covered thafepiction
of neighbourhood is interesting. The participaribar of her
neighbourhood, recorded using her mobile phone Fgere
4), sheds some light on the disparity between Katch-map
and the boundary marking activities. The route taf@ the
tour includes the loop to the south, taking in eofaite walk.
In one audio note, she says that she considersotitéern end
of this loop to be part of her neighbourhood as & location



she often visits. However, on her return journegckbto her
house, she makes another audio note, saying, “Ne@wvew
coming back in to my neighbourhood”.
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Figure 3: Sketching the Boundary of a Neighbourhood

The three sets of data help to demonstrate thecategories
that form this participant’'s perception of her rdigurhood.
There is a neighbourhood defined by distance froménand a
neighbourhood defined by use. The multiple soumeslata
available thus draw out aspects of perception tatld

otherwise be inaccessible.

Figure 4: Google Earth Mashup of a Neighbourhood Tour
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Results from other members of the cohort indicatsinailar
dual categorization of neighbourhood. In additiome are
seeing interesting patterns of landmark perceptod use.
Finally, we are noticing interesting differencespiarticipants’
map-sketching before and after engaging in moblaggi
activities. Participants’ perceived size of the#ighbour seems
to grow after recording their neighbourhood tour.

The context logger, in addition to its use in relbog one-off
tours as shown above, provides us with long-ternta da
regarding participants’ use of their neighbourhodts will be
comparing this long-term data with the results getes
through discrete tests to see how actual use ghbheurhoods
compares to reported use.

We aim to follow up this work by expanding both the
geographical area and the content that we areestet in.
Firstly, we will be asking participants to take tpar similar
activities in Bath city centre. Secondly, we will keking a
greater interest in the ways in which the digitahdscape
(Bluetooth/Wifi activity etc.) plays a part in paipants’
behaviour.

4. BLUEFISH

4.1 TheBluefish System

The ‘Bluefish’ system is a key component of Citywafée
aims of Bluefish are to make the digital landscaphe city of
Bath visible to the public, in order to study pulpierceptions
of pervasive systems and to explore the effect hudsé
perceptions on behaviour.

The Bluefish system consists of a number of Bluetsotinners
and large display screens, placed around the €iBath. The
scanners are networked and feed in to a remotéaksain
order to build a picture of digital activity in thety. The use
within Cityware of Bluetooth scanners in describinigitdl
activity in the city has been detailed elsewhef.[1

When a Bluetooth device is detected in the vicimtyone of
the display screens, a representation of that desjapears on
the screen. This representation takes the formfishawith the
same name as the Bluetooth device, trailing a stfrigubbles
containing information concerning that device’siatt. This
information consists of that device’'s three mossited
locations in the city along with the most oftenmesent device
at each of those three locations.

4.2 Research Questions

The act of making this information public raisesamber of
questions about trust, privacy and security. In seese, all of
the information that will be displayed is publidyailable. Any
person with a suitable Bluetooth device, such ashilmphone
or notebook computer, can find out for themselvésitwother
devices are in the vicinity. However, Bluetooth gsdb not
expect this information to be made public in therfof a large-
screen display, not do they expect their movemardand the
city to be tracked. The Bluefish system is conceioédis a
privacy probe, designed to explore public perceysticof
privacy and surveillance.

There are a number of questions that we are irtztem
addressing via the Bluefish system. Bluetooth agtivii
interesting because people can choose whetherwhaey to
broadcast their Bluetooth name or not, either bytching
Bluetooth on or off, or by switching between ‘vigbland
‘hidden’. We expect there to be competing influenaéfecting



Bluetooth behaviour in the vicinity of the screedge expect
the displays to be engaging for the public — causiome
people to switch on their Bluetooth devices or cahsen to be
discoverable, in order to take part in the Bluefisistem. On

the other hand, we expect some people to have gpunce

surrounding privacy and surveillance — causing thieraither
switch off the Bluetooth facility on their device otherwise
hide its transmission. We want to understand theraaof both
public engagement and public concern in respectthef
Bluefish installation and to examine the effect dfege
perceptions on behaviour.

4.3 Evaluation Methods

The questions described above are in part ansveeteslihg the
data generated by the system itself. All of thexdptnerated by
the scanners will be logged in a database. Thenscawill be

gathering data for a period of time before thealation of the

display screen takes place. This means that webwilable to
compare Bluetooth activity post-installation with epr
installation activity. Analysis of these dataseth allow us not

only to monitor any increase or decrease in ovaivity, but

also to identify individual devices that have eitltksappeared’
or ‘appeared’ in the city concurrently with thetaiation of the

display screens. If, for example, a device has lweesistently
observable for several weeks up until installateomd then,

following installation, is no longer observable,eth is a

reasonable probability that the person to whom dlegice

belongs has chosen to make it undiscoverable bycanmners.
Conversely, if a device has not been observed bysyseem

prior to installation, but is consistently obsenfeda period of

time post-installation, there is a reasonable chatiat the

behaviour of the owner of that device has beenuénfted by
the Bluefish installation.

Although it will be possible to learn a great dehtough
analysis of logged data, there are substantial céspaf our
questions that cannot be accessed directly withé stystem.
The behavioural analysis accessible via systemdagsnot tell
us in any detail about people’s feelings of engagsiinterest,
concern, fear, annoyance or embarrassment. Itpsritant that
we understand why behaviour changes in responséheo
system. This is the kind of situation where a cottedi cohort
of participants, engaged with the project and regméng a
wide range of ages and levels of technological Kedge
becomes extremely valuable.

It would be possible to conduct some evaluatiothefBluefish
system by recruiting members of the public in theinity of the
screens. Questionnaires and/or short interviewsldvinelp
shed some light on behaviour in response to the fBlue
system. However, this process would be very inieffic We
know from previous work [12] that the number of pko
carrying a discoverable Bluetooth device falls soheEw
between 7% and 10% of the pedestrian populatigheo€ity of
Bath. Therefore we could expect to have to approéacipeople
in order to find one person who regularly uses aefiath
device. Compounding this issue is the fact that wgeet that
people engaged with the system are likely to speadh more
time near the display screens that people who arenterested,
or have privacy concerns. It is those people whemncerns
surrounding the system that are likely to be thetmteresting
to talk to, but the least accessible.

If interviewing members of the general public, gutd also be
difficult to gauge the validity of responses. Thisuld be
especially so in the case where a person has twfietheir
Bluetooth device as a result of concerns over pyivdk a
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person makes their Bluetooth device undiscoverable @esult
of the Bluefish installation, they are somewhat kell to
reveal that information in an interview.

The benefits of access to the cohort are best ajaped when
we consider the richness of data we have regardttiedy
perceptions and behaviour in relation to the cityd ao
technology over the duration of the project. Whieayttell us,
through focus groups, interviews and questionnaioégheir

responses to the Bluefish system, we can see hosaetho

responses relate to their responses in other isisat For
example, we have data from a general technologieaurity
guestionnaire, previously administered to the chhatich

contains questions about security in relation ®uke of home
computers and mobile devices and also about feetiegarding
surveillance in connection with citywide CCTV netwsrénd
national ID card schemes. We also have data frorsopality

scales administered to the cohort. These data adpleat
amount to the usefulness of responses to the Biugfistem.

The comparison and coordination of responses to fiBlye
accessible through system logs, interviews with gemeral
public, and activities with the cohort will havepawerful effect
on the validity of our evaluation. Each source afadwill serve
to reinforce and explain the other two.

5. ENGAGEMENT AND RETENTION

It is important for the project that as many pdptnts as
possible remain members of the cohort for as legassible.
There are a number of measures that we have takkwid be
taking to keep rates of attrition low.

During the recruitment of the cohort, it was coesatl essential
to find individuals who were committed to the pidjelt was

important to make clear to the cohort what demahdsroject
would make of them. These would include regulartmge and

workshop sessions, and the disclosure of variotes rdgarding
their lifestyle and behaviour. We aim to have nmegdiin the
evenings in order to involve everyone and build eant

environment.

Over one year into the project, we have had four ajuthe

original thirty members of the cohort drop out. Thime

commitment — attendance at meetings and workshopas—
been the main reason for dropping out of the cohort

The draw of the free phone and SIM card is stilg@od
incentive for the cohort, but possibly not to thegrke that it
was a year ago. The Nokia N70 is no longer at ¢inefifont of
mobile technology, and we have had several incuirem the
cohort regarding possible upgrades. It seems littedy we will
need to replace the phones with newer models imehe future
in order to retain as many participants as possible

We are finding that a number of the cohort are ats® being
provided with a phone and SIM by their employerisTias two
effects on the project — firstly, this again redutee value of
the free phone and SIM that we are providing — sdlyo
participants are less likely to use the phone wepaoviding as
their main phone. The second issue will become nura
problem as we demand more data from participanterder to
develop the kinds of context-aware services that ave
interested in, we will need to collect large amasuot context
data. This will be difficult to achieve unless pegants are
using the Cityware phone as their primary mobile icev
Again, this problem can be solved by ensuring the
technology we are using is up to date.



Despite the technology issue, the vast majoritthefcohort are
very positively engaged with the project. They &een to
suggest ideas for applications or alternative peigpges on the
use of systems or the interpretation of data. Binigagement
has been achieved at least in part as a resuffarfseto give
the cohort some ownership of the project and théa da
generated. We aim to make the events and actiitiats the
cohort is involved in as interesting and enjoyaddepossible.
This has the effect of maintaining an active, eegacphort, in
turn raising the quality of data generated.

It is important that we retain as many of the colasr possible
for the duration of the project, in order that wetain the
longitudinal aspects of our work. However, compams
between long- and short-term members are likeipfiorm our
understanding of developing perceptions of andticglahips
between technology and the city.

6. CONCLUSIONS

There are three key aspects of the research thawvam to
emphasise in this paper. The first is the noveligtesand
methodology employed. The second are the new fafmtata
collected and the combination of multiple data sear
involved. Thirdly, there is the engagement of thy and
community in the research.

6.1 Novel Design and Methodology

HCI research is often difficult to generalize aesult of a lack
of realistic context in evaluation. More realistiontexts can be
achieved using field studies, but these have thaddiantage of
difficult data collection and high time-costs. Griisability of

HCI evaluation can also be compromised by the udsiasfed

samples of participants. Samples often consist ahglder

Science undergraduates or similar, who are likelpe familiar

with technology and therefore not necessarily regméative of
the general public. Again, high costs are ofteroeiased with

the recruitment of a more varied group of partiniga

This paper has described the recruitment of a ¢atfothirty
participants, with a wide range of age and fanitifawith
technology. This group has been recruited for theatibn of
the Cityware project — a large-scale project with3-gear
duration. This level of sustained engagement oirae tis a
novel way to solve the problem of ecological vajidn HCI
research.

The main advantages of maintaining a cohort areatility to
attack a question on several fronts, using multijaita sources,
and the ability to ensure validity in the evaluatiof systems
and applications. The Bluefish system is an exangilea
situation in which it is important that participannvolved in
evaluation represent a varied population. We atiengsily
interested in using Bluefish as a privacy probe —awtcipate
that the system will provoke reactions that willltheis to
explore perceptions of security and privacy. Itlikely that
technologically literacy will be a factor affectirgarticipants’
responses.

Bluefish is also an example of a situation in whitie
recruitment of participants in-situ would be extedyndifficult.
It would be possible to locate and question thosepfe who
were engaged with the system, but it is the peable are not
engaged with the system that are likely to be thestm
interesting. Disengagement with the system amoBlysttooth
users will be a result of a lack of interest opdfacy concerns.
It will be very difficult to, in the first place &htify, and in the
second place recruit, participants for interview owlare
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disengaged with the system. Given that we are @sted in
understanding the nature of privacy concerns ipaese to
Bluefish, it vital that we avoid this bias.

Having a cohort of participants involved in Citywdrelps us to
solve both of these issues. The cohort consistswide range
of participants who can be directed to engage syttems such
as Bluefish in ways that suit the needs of the ptojéhey

represent a captive audience of potential userstheh engaged
or disengaged with the system we are studying.

6.2 Combinationswith Data

Perhaps the most valuable aspect of the use ofcdhert,
illustrated in part by our use of the context lagges the
integration of datasets to answer large and comglestions.
The context logger, alongside the variety of backgd data
that we have collected for the cohort, allows usstmate
observed behaviour in the context in which it tagksce. The
reliability and validity of our analysis, takingehcontext into
account, can be greatly increased.

A good example of our use of multiple data souraes
addressing a research question is our exploratidn o
participants’ use of both their neighbourhoods #relcity. On
the one hand, we have data from discrete activiieghich the
cohort has taken part. The location data from giadnts’
neighbourhood tours, along with documents such aamseca
images, video, text and audio notes together peovid
surprising level of insight into people’s relatibiys with space.
As the logging and transmission process occurs Ha t
background, participants are able to ignore thecgs® and
focus on the activity which they are engaged irtheuit having
to focus on, or try to solve, technical issues. Mketches,
boundary sketches and questionnaires also tell hsuta
participants’ perceptions of, and relationship wittheir
neighbourhood. On the other hand, we have long-tdata,
from the context logger, regarding participantse us their
neighbourhoods. We can compare the data we hava fro
discrete activities with 24/7 location data ovevesal weeks.
This allows us to determine how participants’ repdr
relationship with their neighbourhood is relatedtheir actual
use of their neighbourhood.

The use of multiple data source to address a aquregti this
way will allow for a greater depth of understandthgn could
be achieved using traditional methods.

6.3 Engagement of a Community

The involvement of the city and the community iny@iare is
extremely important. The aim of the project is wvelop city-
scale pervasive systems for the city of Bath. Wetw@provide
something that the city of Bath can engage with.hdlit the
input of the community that live and work here, sthi
development would run a great risk of missingatgét.

On one level, we achieve engagement with the hitgugh our
partnership with Bath and North-East Somerset CouAtila
more fine-grained level, we achieve this throughwark with
the cohort.

Throughout the project we have made efforts to enshat
participants have some ownership of the projeceyTare a
major part of both design and evaluation processeb feel
valued members of the project. As a result, weahte to work
with (mostly) the same group of participants thrioogt the
lifetime of the project, and we have confidencet tloar
development of systems is appropriate to the nektlie city.



6.4 Summary

There are some high costs involved in working waittohort of
participants for the duration of a project like @igre, but there
are also some more than worthwhile benefits. The roasts
are the time and effort required to recruit andirethe right
kinds of participants for the project. There hasoabeen the
need to develop novel methods of data transmiss&iween
cohort and researchers. The benefits, from ourtpafirview,

outweigh these costs. These consist in the aliitgenerate
large quantities of focused data regarding the \iehes of the
cohort in relation to both the city and in theiews technology.
The cohort has a role in both the evolution (thfoutgrative
design processes) and evaluation of systems theewaop.

The main advantage of maintaining the cohort has tleat we
are able to reduce problems of generalisabilitypeiased with
laboratory studies. Realism is maximized by selgctingroup
of participants in order to ensure a range of ages
technological abilities. The cohort is not intended be a
genuinely representative sample of the populatiot,to give
us opportunities to explore individual differenéedehaviours
that we are interested in.
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