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ABSTRACT

Users of mobile tour guides often express a staegire for the
system to be able to provide information on arbjtigbjects they
encounter during their visit — akin to pointing @obuilding or
attraction and saying “what’s that ?” to a humaumr tguide. This
paper reports on a field study in which we investgg user
reaction to the use of digital image capture armbgaition to
support such functionality. Our results provide iasight into
usage patterns and likely user reaction to mobile guides that
use digital photography for real-time object redtign. These
results include the counter-intuitive observatibatta significant
class of users appear happy to use image recagratien when
this is a more complex, lengthy and error-pronecess than
traditional solutions. Careful analysis of user debr during the
field trails also provides evidence that it may pbessible to
classify tourists according to the methods by whitaky prefer to
acquire information about tourist attractions irithvicinity. If
shown to be generally true these results have im@apbr
implications for designers of future mobile touidgisystems.

Categories and Subject Descriptors

H.5.2 [Information interfaces and presentation.(é4§1)]: User
Interfaces; H.5.1 [Information interfaces and pn¢éstion (e.g.,
HCI)]: Multimedia

General Terms
Human Factors.

Keywords
Mobile tour guides, mobile camera phones, objecbgaition,
user experience, user evaluation.

1. INTRODUCTION

The ability to identify and provide information oarbitrary
objects in a city is an important requirement fay anobile tour
guide system. In essence, the idea is to be ablept@duce the
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act of pointing at an object (e.g. a building atse) and asking a
human tour guide “What's that ?”. In our experiend building
and testing tour guide systems during the pasyesixs this is an
extremely common usage model and a feature thaistswften
request — exceeding any desire users express dongdl tours
with heavily structured information.

In [5] we reported on a technique for providingsthinctionality
within the Lancaster GUIDE system. GUIDE providesoaplete
mobile tour guide including features such as dptors of local
areas, structured tours, messaging between toaristénteractive
services (e.g. booking theatre tickets) [4]. ThellB& approach
to providing users with information about objecfsrderest that
they see relies on a dialogue with users to ideniti€ object in
question. More specifically, when users see ancblfeat is of
interest to them they can ask the system to “Te#l about
something | can see” [5]. The GUIDE unit then deiees their
approximate position (to within about 100m) andsattke user
whether they are “looking at something close byfar away”
(figure 1). From these two pieces of coarse grainémrmation —
an approximate location and the distance to theoblmf interest
the system builds a set of thumbnails of likelyemit§. This list is
shown to users who can then select the object et are
interested in and obtain further information abdé@ufrom the
system.

[ The Lancaster GUIDE Project : http://www.guide.lancs.ac.uk/ i =3
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Figure 1. Interacting with the GUIDE system to idetify
objects of interest.
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This system has a number of desirable propertiesbviates the
need to attach physical tags to objects (e.g. RRY3), does not
require the construction of complex geometric msdsdlthe city
and does not rely on highly accurate positionabrimiation. In



fact, as we point out in [5], no matter how accerratpositional
fix one can obtain on a tourist it is usually impibée to identify
uniquely the object that is the focus of their mtiten (consider,
for example, a tourist standing at the top of albdking out over
a city — one knows exactly where they are but hm$dea what
they are looking at).

Reports of extensive trials of the Lancaster GUKyEtem (e.qg. in
[4]) have shown that users respond well to thisfof interactive

dialogue with the system and that the system isllysable to

provide users with the information they require, the system is
able to include the correct object in the set aintbnails it

displays to the user. Moreover, users appear touadeenefits
from seeing the thumbnails of other objects of riede in the

neighborhood of their target.

Motivated by the widespread deployment of digitameras in
devices such as Personal Digital Assistants (P¥s) phones
and more recent results from the GUIDE project Whigport that
user preferences have shifted from large form-fadavices with
text and images to small form factor devices ttsst audio as the
principle means of information delivery [3] in thizaper we
explore user reactions to the use of digital imagpture and
recognition techniques. If users are receptiveutthgechnology
then we can envisage creating mobile tour guides ttave
cameras as one of their principal input mechanisnenabling
guide systems with new form factors and interfaesighs to be
developed.

In particular, in this paper we investigate throdighd trials of a
“Wizard of Oz” system users’ reaction to the usaligital image
capture and recognition to identify objects of iat# — allowing
the system to answer “what’s that?” queries simpjlythe user
taking photographs of the relevant objects. Whilstessarily
tentative in areas, the results of this work prevésh insight into
usage patterns and likely user reaction to mobile guides that
use digital photography for real-time object redtgn and
highlight potentially critical issues for futuregign. These results
include the counter-intuitive observation thatgngficant class of
users appear happy to interact with the system dking
photographs of objects even when this is a moreptmmlengthy
and error-prone process than traditional dialogagel solutions.
Careful analysis of user behavior during the fietdils also
provides evidence that it might be possible to sifgstourists
according to the methods by which they prefer tguae
information about tourist attractions in their wiity. If shown to
be generally true these results have importantigagbns for
designers of future mobile tour guide systems.

2. METHODOLOGY

We have chosen to study real tourists, but witregperimental
system designed to investigate a particular isghe: usage
patterns of camera-based “what'’s that?” interactidde thus sit
methodologically between controlled laboratory &usdon the
one hand and more open ethnographic approacheiseoather.
There is always a tension between ecological \glaid analytic
power and there is currently some debate over tatsyof lab-
based versus field-based studies for evaluatinguability of

mobile systems. It has been argued by other rdse@rdn the
mobile HCI community that “the added value of coctihg

usability evaluations in the field is very littl¢8]. However, we
would argue strongly that had our study not beé&odted in the

field” we would not have observed the patternsafiatarily use
that were outside our expectations.

There are of course limitations with such an apgmoathe
practicalities of setting up an experiment in aldvenvironment,
obtaining sufficient feedback from busy users efthe last of
these is particularly problematic since participgtiin our
experiment requires real tourists to sacrifice jmex vacation
time. Whilst they may have volunteered to use theia® for a
while, it was clear that once they handed back uh& they
considered the experience over and wanted to get.alith only
a few hours to ‘visit' Lancaster long post-use iviews were
impossible, hence our analysis dwells stronglytenlbgged data
as well as more qualitative findings.

For similar reasons the average usage time was @& section
4.2), reflecting the tourists’ real ‘guerilla’ behaur: short bursts
at one activity before moving elsewhere. Howeas,tourist
guide systems are ‘walk up and use’, it is the fiesv minutes of
use that are crucial; preferences and patternseofite established
quickly and as quickly forgotten when the deviceeisirned.

One of the problems therefore is how to get useighsurements
at all. In a laboratory we could create an aitifidask, give
subjects a variety of techniques to use and measume form of
performance for each. However, for tourists thal rissues
involve a combination of performance, enjoyment ethich are
harder to evaluate. Although we were administedangost-test
guestionnaire, we also wanted some more objecte@sares. In
part we obtained this by producing a system thatccbe used in
both a location-based “what’'s near?” mode similar the
conventional GUIDE dialogue and also a camera-basbat's
that ?” mode. The tourists’ moment-to-momehbicesbetween
location and camera modes was thudependent variablén our
experiment rather than an independent variablé asuld likely
be in a performance comparison. As this choice oflenis
important to our experiment it is crucial that tesign of the
interaction does not unduly influence the tourigtRbices. To
achieve this, the two interaction techniques wegghed to be as
similar as possible except in the crucial issuecafmera vs.
location based dialogue. This meant that we dediler eschewed
‘tweaks’ such as saving pictures and in generatgaown the
system as much as possible given the constraimhaking it
sufficiently useful and usable for real use.

In a real system there would be many extra feattiras would
alter use. For example, if object recognition wergde-effect of
taking a photograph, then we may see use of thia flsm of
incidental interaction [6]. For a more formativeakiation to
improve tour guide systems in their entirety we {gou
undoubtedly have looked at such features. Howeéwehis study
our desire for a more controlled exploration of ttse of image
recognition led us towards greater control in thmlegical
spectrum. In summary, this is a study ushegl tourists but
designed to explore a particular issue (the useinadge
recognition). As such it has inherent limitatidnst we believe
represents a methodologically necessary stage.

3. THE EXPERIMENTAL PLATFORM

In order to examine the use of image recognitioriutare tour
guides we developed a simple mobile tour guideieajibn that
could be used by city visitors (see Figure 2). Shstem offers



very basic tour guide functionality: users can findt about
objects of interest in one of two ways:

1. engaging in a dialogue with the system using the
GUIDE interaction model described in [5].
2. taking a photograph of the object of interest.

Users were free to swap between the two modes efatisiny

time. In both cases the user is returned a sehafés of possible
matching objects. Tapping on one of these imagesig®s more

information (where available) in the form of textund audio

descriptions of the object (Figure 3). We reuseeimeints of

content we had developed for trials described inaf [4] and

known to meet the needs of tourists.

Guide

Castle

§ ‘d Play Audio

Welcome to Lancaster Castle, often known |~
s John O Gaunt's Castle, it is one of the

most historically interesting buildings in
Lancashire. lts beginnings date back ta
Roman times and from its commanding
pasition on the hill overooking the town of
Lancaster and the River Lune, it stood as a
bastion against the marauding forces of
Picts and Scots. Lancaster Castle occupies .

Back

Figure 2. Prototype in use

Figure 3. Information sreen

In this study we were specifically interested iramining user
interaction issues for a system based on digitagencapture and
recognition rather than attempting to explore tise of specific
image recognition technologies. As a result we setbp “Wizard
of Oz” approach to providing the required functititya
Specifically, photographs taken by the user weaagmitted to a
tablet PC where a researcher used a custom dededqpdication
called GECS (GUIDE Experimenter's Control Systeng t
dynamically select an appropriate candidatage seto return to
the user. In this way we were able to adjust thregieed accuracy
and timeliness of the recognition process in otdezxplore how
these factors impacted user reaction. The same@agipwas used
for returning candidate image sets in response WD& style
dialogue interactions — we did not use a GPS compasiireless
network for positioning but instead relied on ols#ions to
return an appropriate image set.

We did not support additional functionality such gsneral
information on an area, route-guidance, ticket [mpkor
messaging; all of which have been deployed andueted by
researchers in systems such as GUIDE [4].

Hardware. The Client used a PDA (HP iPAQ 5550) with built-
in 802.11 networking, an attached mobile camera PHBtosmart
Mobile Camera) with 320*240 resolution and an exgiam-pack
with a 4.66 GB PC card hard-drive to store the igppibn
content. The resulting tourist system (iPAQ andeasories)
weighs approx. 400g with a battery life of appr@ours during
field trail conditions. We anticipate that the apgtion could be
ported to a camera phone without significant difig.

The experimenter followed the tourist and carriedablet-PC
(Fujitsu-Siemens Stylistic ST5011), also with binlt 802.11
networking. The PDA and the tablet PC communicaieat-hoc-
mode, removing the need to have wireless netwdrlkstructure
in the area where the field trials were conduc@te tablet PC
ran the GECS application that enabled the reseatcheontrol
many aspects of the experience of the user intecpetith the
mobile unit.

Client Interface. When users are first handed the unit they see
the project logo and a welcome message that asks th select
from one of two modes of use for the systéocation modeor
camera modgin the experiments described later in this paper
each of these modes is explained to users befeyesatie given the
unit). Users can swap between the two modes apaimy during

the experiment.

Location Mode. When this mode is selected it displays a
welcome message explaining to the user that thie‘cam tell you
about objects that are around you” and asks the tostell the
system if they are looking at something nearbyacaay.

Once the user makes an appropriate selection tluomve screen
disappears and a new message appears telling énethag the

system needs some time to work out their physazdtion and a
wait-cursor is displayed. During this time the systsends a
request for an image set to the tablet PC runnireg GECS

application. Once an appropriate image set has belected by
the experimenter it is returned to the client. s tpoint the wait-

cursor disappears and the system explains to #etliat there is
more than one object that could be the subjedieaif £nquiry and

that they will need to identify the object themsahfrom a set of
pictures. The user can then move through a ligtictires (one
per screen) using Previous and Next buttons (sperdi4). Once
the user sees an image of the object that is eféat to them they
can click on the image and will be taken to a stitkat provides
more information about that object in both textaad audio

format (see Figure 3). Users can then either naetto browse
the image set or issue another query about an tajaicthey can
see.

*If this is the object you're interested in,

‘ Previous Next |

You can take = photo by pressing
“Take Shot”. To return press "Start

please click on the photo and Il tell you Again”!
about it.” i
Start-Again | Take Shet | | Start Again | !

Figure 4. Location mode Figure 5. Viewfinder screen
Camera Mode When this mode is selected it displays a welcome
message, this time explaining to the user that #muld “Press
the ‘Take Photo’ button to take a picture of aneabjpf interest”.
When the user presses tfiake Photobutton a new screen is
displayed with a 240*180 viewfinder window showithige current
view of the camera and a new button labelake Shotthat



enables the user to take the photograph once theereais
pointing at the appropriate object (Figure 5).

Once the user has taken a photograph it is displagethe screen
and the user is provided with an option to eitreet another
photograph or to ask the system about the objectthm
photograph (by pressing a button labaléhat’s this} (Figure 6).

[ Ny sl

"I've processed your photograph and
believe it is of one of the following set of
possible objects. To view the set press
“0OK. To navigate trough the results use
the "Previous™ and “Next™ buttons. If you
think you see the object you are
interested in just click on the picture to
wview more information.”

If you would like to know mare
information about the abject you have
just photographed please press "what's
this?" and [ will try and find some.

| \What's this? \ | N \ | oK ‘ | Start Again ‘

Figure 6. “What's this?” Figure 7. Result collectbn

At this point the system sends the photograph tcC&Eand

requests an image set to display to the user. @ncgppropriate
image set has been selected by the experimenterdturned to
the client and, after a configurable delay, a neveen appears
telling the user that the system could not uniqudbntify the

object they photographed and that they should séheccorrect
object from a set of images they will be shown (F&g7). The

user interaction for browsing through the image séitaining

further information and returning to earlier scre@mthis mode is
similar to that described in the previous sectioriaration mode.

The GECS Application. This provides facilities for the
researcher controlling the experiment to return rappate
responses to the mobile unit based on user requ@sis
experimenter can select appropriate image setettornr to the
client as a result of a query in either locationcamera mode.
These image sets are chosen from a list of possiidge sets

created prior to the experiment using a separatetéoconstruct
image sets from collections of photographs, text andio data.
Each image set is a small collection of entriepi¢iily 5) with
each entry consisting of an image and links tohterrinformation
about that image. The perceived accuracy of theesys
responses to requests can be adjusted by retunmimg or less
appropriate image sets. In addition, GECS allowpwoases to be
delayed by a specified number of seconds — sinmglgdrocessing
delays.

4. FIELD TRIAL
4.1 Objective and Method

Our aim was to gain early insight into user reactio the use of
digital image recognition to identify objects in atectronic tour
guide. To help provide a reference point for assgssiser

reactions to image recognition we designed our mx@Eat to

enable us to capture user preferences for the twdemdescribed
above.

We followed broadly the same experimental methogiplo
successfully used for GUIDE trials [3], [4] in whica
combination of observation, experimental log datel &emi-
structured interviews were used to capture data.

The experiments were conducted by researchers topera
pairs. One researcher was the primary interactiomtpfor
visitors: making introductions, explaining the symt to the
tourist, helping them with problems, observing thehavior and
conducting the post experiment interview. The sdo@msearcher
acted as the “wizard”, controlling the experimdmbugh GECS.
In the remainder of this paper we will refer to tlesearchers as
theobserverand theGECS operatorespectively.

Tourists were selected at random in an area theludes a
number of tourist attractions (e.g. a Castle, aorgriand a
Museum) as well as the Tourist Information Centrgiclv we
used as a base for our work. Of those tourists tappsd and
asked to participate in a trial of the new systeaghly 50%
agreed and hence the subjects are, inevitably;ssekdtting to
include only those with an interest in trying a nelectronic
guide. This is likely to be reflected in generathore positive
responses than might be the case with a truly ranskdection of

Table 1. Frequency analysis for final preferencegainst start mode, end mode and time spent in eachode,
(@), (b) & (d) n.s., (c) sig. p<0.005 (Chi sqg. = 198, 3 df.)

Preference® Location | Camera | Not Sure Only Used

One

(a) Start Mode Location 7 4 2 3
Camera 3 6 0 2

(b) End Mode Location 5 4 0 3
Camera 5 6 2 2

(c) >50% time Location 9 1 1 3
in mode Camera 1 9 1 2
(d) Error No errors 4 6 0 4
condition Errors 6 4 2 1




tourists. We did not select on the basis of agedgeor whether
the visitor was alone or in a group.

Once the subject had agreed to participate theg gieen a brief
introduction to the system by the observer. Théediht modes
were explained to the subject and they were tadg ttould use it
for as long as they would like to explore the lcaada. The aim of
the experiment was stated only as being to gain feselback on
the new system. The GECS operator was introduceda as
colleague who would be helping with the experimé&ntring the
briefing the subjects were always told that “theteyn” would
perform the image recognition, etc. — the role loé tGECS
operator in the actual performance of the systens wwat
mentioned. This is because we were concerned thigjects
would respond differently (and have different expéons) if they
felt a human rather than a machine was doing thegrétion —
though we did not attempt to test this hypothesis.

Subjects were then handed the unit and were frexptore the
area. The observer remained with the subject tp héth any
difficulties that they may experience and to obsehe subject’s
behavior. The GECS operator retreated to a disaletance
(typically about 15m) which they maintained throagh the
experiment, following the subjects when they expibthe area.
We conducted a range of experiments involving rétgr image
sets designed to simulate image recognition alyostof varying
degrees of accuracy and latency but in all casesp#rameters
were fixed throughout the duration of an individexiperiment
with a subject, i.e. subjects experienced condistevels of
performance from the system.

At the conclusion of the experiment subjects wesieed a series
of questions designed to provide data on theiral@npression
of the system and specifically on their reactiomg&ach mode of
operation. Demographic information (age, gender aobb or
group tourist) was also captured. At this point,thwithe
experiment and data capture complete the subjeats debriefed
and the role of the GECS operator explained. Rinahce the
subjects had departed the observer completed arasepa
questionnaire relating to their observations ofsbbject and the
environment (weather, unusual events, level ovigtin the area
etc.) during the experiment.

4.2 Results

Participation. We recruited a total of 27 participants for our
study: 6 female, 21 male with a wide range of dgekiding one
septuagenarian. Some of the participants (16) \akree while
others (11) were in groups. Note, we did not trybimance
gender, age, cultural background, etc., in the ex@at. This is
because the range of factors is too large in apgodueal tourists
to effectively balance and because we rely on welens. In
practice we did not notice a significant differenioe behavior
between females and males when using the systemihAl
subjects were visitors to the city and unfamiliaithwthe tour
guide system. Subjects interacted with the systanmah average
of 6 mins. 37 secs. but there was a significantadiem up to 14
minutes in total.

In all but one case the subjects remained totaligware of the
role of the GECS operator in the experiment. Whebrigfed
most subjects expressed genuine surprise that thagei
recognition was not being carried out by the syst&éhe only

subject that enquired about the role of the GEC&aipr during
the experiment was a Psychology student who guettsdthe
operator was playing an active role in the expemineit assumed
it was that of an observer.

Overall Mode Usage. 22 out of 27 subjects used both the
location mode and the camera mode. 16 started Mithtion
mode and 11 with camera mode. Overall 74% of stbjec
expressed a preference for either the location noodbe camera
mode with the remainder being either unsure of ivmmde they
preferred (7%) or having used only one mode dutheyr trial
(19%). Those who expressed a preference were divédtactly
equally between the two modes. We detected ndiowe&hip
between the mode that the subject started withtla@anode they
said they preferred when interviewed at the enthefexperiment
(Table 1.a). However, with this and other resuttshould be
noted that with the numbers of participants ontgéadifferences
would be statistically detectable.

Similarly, there was no statistically significanelationship
between the mode the user finished on and the rtiugle said
they preferred (see Table 1.b). This is intergséis it would have
been reasonable to find that subjects having magesference
choice would only use that mode. In fact even whesers
expressed a preference in words and use they cedtito use
both modes.

A total of 5 subjects used only one of the modeish 8 only

using the location mode and 2 only using the camerde. Most
subjects switched mode only once during the cowfkehe

experiment but 22% swapped more than once — thénmax

number of swaps between modes was 4 by a femajecswdged

between 18 and 30, and a male subject aged bet8@and 40.
This is important as one potential problem wouldehdeen if

users simply became comfortable with the mode fivey used

and therefore did not make any real choices. We fiid a

significant statistical relationship between thededhat the user
spent the most time in and the mode they said tireferred

(Table 1c).

Camera Mode. In general subjects were enthusiastic about the
use of the camera mode with 37% stating that thas their
preferred mode of operation. Subjects did not apfehave any
difficulty in using the system to take photograghen though the
system was not familiar to them. However, we didenthat the
unusually bright sunlight present during the figtéhl caused
some subjects to have difficulty seeing the screerthe PDA.
This was a patrticular difficulty when taking photaghs since the
screen acted as the viewfinder for the camera andehusers had
to see the screen to determine what they were ghrayihing —
furthermore, the necessity to point the unit at thgect to be
photographed meant that subjects could not freeiysa the
viewing angle as they would when using the PDA radiyn

The HP camera supports manual focusing but we histto

infinity and users did not need to adjust this. Whhe camera
could be rotated to enable, for example, the PDAb¢oheld

horizontally we did not explicitly inform users diis fact and
hence in general they held the unit vertically m @utstretched
arm as shown in Figure 2.

We recorded all photos taken by users (examplesrsiro Figure
8) and noticed a strong degree of similarity betwte photos



taken by different users. We started the experimént two
distinct locations — outside the Tourist Informati€entre and
adjacent to the Shire Hall entrance to the Castlehe former
case users almost always took an initial photogiafptihe main
entrance to the Castle (the most striking objdatlyi to be of
interest to a tourist in the area) while in thedatase there was
more variety in the ordering but many attractionghs as the
Priory appeared in the sets of photographs takerdiffgrent
subjects. This high degree of similarity betweea pinotographs
taken by tourists gives us confidence that usinagienrecognition
techniques to identify objects automatically isactable problem.
Again, we observed no significant differences imdaegor on the
basis of age or gender.

The Castle The Priory

Figure 8. Examples of photographs of the same olue
taken by different subjects

Effect of Errors in Image Recognition.We wished to investigate
whether introducing simulated errors into the rettign process
would affect subject’s reaction to the camera méae.a total of
13 subjects we simulated errors in the recognifpoocess and
returned image sets in which the image of the tamigect
appeared '3 in the list of returned images. In such casessusad
to click through a series of incorrect responsefini their target
object in the image set (recall that we only digpéa single
candidate image on each screen and provide the wgbr

Previous and Next buttons for navigation). We were unable to

detect any significant statistical relationshipviestn error rates
and final preferences as expressed by the usete(Tat). Whilst

the power of Chi squared test is low for this numiesubjects,

the balance in usage and preference noted preyionskes it

surprising that differences in usability due toHeg error rates
does not lead to substantial and thus measuratideetices. This
statistical result is backed up by our own obséowat of user
behaviour — even when errors were introduced thisndt seem
to affect a subject’s perception of the system.

Location Mode. In common with subjects that used the camera

mode there was a generally positive reaction tddbation mode
— 37% of subjects preferred this mode of operafsxactly the
same percentage as favored the camera mode). Buiggoested
information on objects close by in 71% of the tataimber of
requests. This is in keeping with experiences tegofor the

original GUIDE system in which subjects tended tee this
feature to obtain information on objects close by.

During our observations of subjects using the focatnode it

became clear that they were not using the systetheirway that
we had expected. In particular, our expectation hadn that
subjects would use the system to find out infororatabout a
specific object that they could see — providingntheith an

answer to the question “tell me more about somgthirtan see?”.
However, our observation is that subjects did rsat the mode in
this way but instead used it to provide a “compnsine” list of

objects of interest in their location (either negror far-away).
We are basing this conclusion on responses to vietes,

observations and log data. Firstly, we note thatindu the

interviews subjects frequently made statementseoefffect that
the location mode was good because it told you attiogs that
were near-by. One subject even claimed that it didnel good for
“lazy people” since they wouldn’t have to issugadfic query to
the system. When we observed users interactingthétsystem it
was clear they did not identify an object in thal meorld and then
try and find out about it using the location mod# kather used
the location mode to find a list of possibly int&iag objects that
they then endeavored to locate in the real woridalfy, our log

data reveals that in 69% of cases the image saimes as a
result of a query in location mode are viewed imirttentirety

whereas this is only true for 35% of queries issire¢amera
mode. This suggests that in location mode the uaegsnot
searching for a specific object but rather are Ising/through the
list of returned images looking for objects of iretst.

Other Feedback. General feedback from participants was
extremely positive - several people enquired wiieeg could buy
the system or whether it was available for hirexfrthe Tourist
Information Centre. One older subject — a local wonwho
observed us conducting experiments and wanted tihér system
- commented that she would feel vulnerable carryihis
equipment in a busy city but once it was explaitieat such a
system could be built into her mobile phone herdesemed to
be allayed (note that we did not use this subjeatur data sets
since she was not a tourist and was herself wor&m@ project
using GPS traces as a form of art).

Finally, we observed the same reluctance to uselpiemes
reported in [3]. During our experiments none of thgbjects
wanted to use headphones despite the fact thatub® was
extremely quiet and subjects often had to holdRB& to their
ear in order to hear the audio properly.

4.3 Discussion

The results we have presented clearly need to dmetdt with
some caution — while the sample size (27 subjdstgertainly
comparable with many previous trials of context-gvaour
guides, the size is rather small to base any $ogmif conclusions
on. The novelty of using new technology will aldeacly have
played a part in the user response to the systenillate desire
to be polite when responding to questions. Furtbeemwe
cannot claim that the subjects actually used tls¢esy as part of
their normal tourist activities: the duration ofethrials was
determined by the subjects themselves but it iarcteat the
subjects were not really using the tour guide uttitexplore the
area. Rather they were experimenting with the teldgy and
providing an initial impression of the system. Hinave observe



that the trials were conducted during an unusualym and
sunny spell which may account for the good naturemany
visitors.

Despite the lack of experience of long term usthefsystem it is
interesting to note that the vast majority of tetgiquickly formed
a strong opinion as to which mode they preferredeéd, only
26% were either unsure of which mode they prefeoedised
only a single mode. Of those that did express &eprrce the
subjects were divided equally between the two megesffered.

User's total usage times varied considerably and dick not

observe any significant relationship between tozlge time and
mode preference.

One of our original aims had been to provide twocfionally
equivalent methods of identifying an object (i.sing a camera
and engaging in a dialogue with the system) in ottat we
could determine which of these methods users pesfer
However, our observations and data have led uslieve that the
functionality of these modes was not perceived bpjects as
being the same. Specifically, subjects saw the camede as
performing object identification while the locationode simply
provided a means of browsing information on thel@rea. Thus
the modes were used in different ways and the unesif
preference in reality appeared to include a compbtiet tested
whether subjects preferred to explore an areain dfwn or to be
presented with a list of available information -thwhalf of the
subjects expressing a preference for each.

The fact that tourists can be divided into two idistt classes that
expressed these traits should not have come agpassuto us —
in earlier GUIDE systems it is reported that wisleme tourists
wished to navigate the city using a map a significaumber
preferred to be given detailed route guidance auste

More interestingly, we note that those users whpressed a
preference for the camera mode did so despite atietliat the
camera mode was clearly more difficult to use armtentime

consuming than location mode. Moreover, the camerde often

returned a larger resulting image set and this@etained images
that were similar in appearance to the target imageer than
necessarily relating to the same location. Thut) thie exception
of the image of the target, the image set wasdesegrally useful
to subjects. Indeed, even when we introduced ermis the

perceived recognition process — returning an inafghe target
object much later in the image set — and added |ateu

processing delays of up to 30 seconds this didseein to affect
the distribution of users opting for each of thiéedent modes.

We believe that we can draw a number of importessdns from
the work described in this paper:

1. A significant number of tourists (37%) embraced tlse of
digital images for object identification despiteetfact that it
required extra effort and had significant disadages
compared to a dialogue-based system.

2. Tourists enquire about many of the same objecta given
area and take similar photographs from which thgeet the
system to be able to identify the object.

3. Testing subject preference for one method of idgng
objects over another is difficult in isolation —etlabsence of
other tour guide features such as tours and infiioma
overviews impacted the way in which users interhetéh the

system. For example, in the original GUIDE system a
alternative mechanism was used to provide toumsts an
overview of a location and its attractions withautcessitating
the user to engage in the dialogue described snptper [4].

4. Tourists appear to be classifiable by their undeglyapproach
to information discovery: those who wish to discovew
information about objects they find in the physiearld and
those that wish to browse information and then find
corresponding objects in the physical world.

We also note that our initial concerns that sulsjesbuld be

unable to use the technology or take good qualitgtggraphs

using a PDA and attached camera appear to haveundéemnded.

5. RELATED WORK

Research in mobile tour guides has continued apia pace since
the early work of Georgia Tech on the CyberGuidejgmt [9].
The most comprehensive system developed to date iISUIDE
system at Lancaster [4] and our work builds on nafniye ideas
from GUIDE. Other tour-guide systems have targetpdcific
domains such as museums [7]. A summary of workénarea of
mobile guides can be found in [2].

Work on understanding user interfaces for tour gagstems has
often been an integral part of projects in thisadrat has received
particular attention from Aoki and Woodruff who sgagted
adopting a task-oriented design approach for dgaliith object
selection [1]. The three sub-tasks identified by kiA@and
Woodruff are determining the user’s location (loma),
identifying which objects users are expressingndatéeve interest
in (intimation) and identifying which objects usdrave selected
(selection). For the location mode there is a cleapping to
these tasks (this is perhaps unsurprising sinc&tHlDE system
is cited in [1]): location is performed by the “Wdid of Oz”
system pretending to provide GPS functionality;inmation is
through pressing thearbyor Far awaybuttons and selection is
through clicking on an appropriate image from thi@imed image
set. There is no direct mapping to the camera modlee current
system, though there is of course an implicit aggion that the
location is Lancaster. In future implementatiorls@ation system
could be used to provide fine-grained location infation that
would assist in providing context for the image ogmition
system. However, we would not expect to have gtaddntifiable
intimation and selection sub-tasks. We do not a®rghis to be a
significant problem with our system despite somehaf issues
raised in [1].

Davis at Berkeley is using camera phones, contekif@mation

such as location and image similarity algorithmsssist users in
automatically creating meta-data for their digifthotographs
[10,11]. Clearly there are similarities in the urlgieg system
requirements — Davis needs to identify objects ribep to know
which meta-data to return to the user while we rteadentify the

object in order to provide tourist information. Véaticipate that
many mobile applications will have these requiretseand that
image processing for similarity or recognition posps will

become common network services that can be used Wwide

range of mobile applications.

6. CONCLUSIONS

This paper reported on a field trial to investigaser response to
the use of digital image capture and recognition dbject
identification in a mobile tour guide system. Oasults show a



good level of acceptance of such technology witli dfithose

subjects that expressed a valid preference chodkisgorm of

interaction and no subjects reporting any probleiitis using the
technology. Our results also show that the probtErimage

recognition for mobile tour guides is likely to heactable —
images of the same object have a high degree dfasiy when

taken by different tourists and, crucially, tousisippear to be
forgiving of errors and delays when using imageogsaition

technology. However, our trials also highlightedtth significant
number of tourists preferred to browse their lamafor objects of
interest and are likely to be unsatisfied with stesn that provides
only object identification based on image recogniti This has
led us to speculate that it may be possible tosiflagourists

based on their preferred approach to informaticealiery while

exploring a new city. As an item of future work wésh to

explore this in more detail, for example, is onassl driven by
exploration in the physical world and the otheregxploration in

the virtual?

In conclusion, our results show that developersukhmot be

concerned about user acceptance of digital imagegrgtion

techniques for object identification. However, depers should
ensure that future mobile tour guide systems supiboth

exploratory and browsing modes of information digrg. In

essence, systems need to support answers to twmctlis
guestions: “What's that?” and “What’s here?”.
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