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Abstract. In this paper we describe, how the evaluationbifiuitous comput-
ing systems can be problematic, how we augmentedirex evaluation tech-
niques to aid in our analysis, and how we creagd techniques for evaluation
of such systems within everyday settings. We w#ltdss four systems, briefly
highlighting the problems faced and how the expeds from each changed
our approach to evaluating the following systems.

1 Introduction

When working with ubiquitous computing (ubicomp)swms, challenges and re-
wards arise from moving from the relative safetythaf usability lab into the uncon-
trolled environment of everyday life. For examplepredicted contexts of use and
environmental features such as intermittent networknectivity may challenge tradi-
tional evaluation methods, and yet we gain the fitpbcontextuality and appropria-
tion that lets users take full advantage of new ifaatbevices. Many of these chal-
lenges have already been faced by researchersrgjuithe use (rather tharusability)

of ubicomp technologies in the wild. In this pap&g reflect on studies of two mo-
bile games (Treasure [1] and Feeding Yoshi [2]) &l everyday awareness appli-
cations (Shakra [4] and FriendPhone). We will disctine strategies employed by the
analysts to discover the users’ reactions towandstlaeir experiences of the technol-
ogy. The systems are presented chronologicalljheshallenges faced in one study
often influenced the design and study of the nggtesn. In particular, we will con-
sider the temporal and geographic scale of eaay sis contributing factors to the
complexity of gathering evaluation data.

2 Gamesand Awareness Applications

A key issue to emerge from early ubicomp studiesbe®en the impact of variation or
uncertainty with regard to positioning accuracy aredwork connectivity. Conse-
quently a number of strategies have been propasedefaling with this issue: one
being to utilise it as a resource for design. Seaehésign is one such approach that
exploits “the limits, gaps and variability of teaiagies we often assume to be uni-
form and seamless” [3].
Treasure is a seamful game that exploits the variation ifriWietwork coverage.

Each player uses a handheld PDA equipped with GRIS388.11. Players collect
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virtual coins that are placed in areas not covénethe game’s wireless network. In
order to gain points for collecting the treasureythave to take the coins back to an
area covered by the network to upload them to garserver. Each game involved
two teams of two people, and was played outdoolthoAgh the game was run in
several cities, in our main study it was playechimita game ‘arena’ of ~700Gron
the edge of the University of Glasgow. Despite ¢bastrained area, it was not al-
ways possible to observe all of the players at @my time. In order to observe the
behaviour of players, two members of our reseagamtwere needed to follow them
around with video cameras. Immediately after eaamtmey players were interviewed
and asked to reflect upon the experience and hew played the game. Each player
was allowed to play multiple times, revealing holayers’ strategies developed over
time.

Although positioning and coverage were no longesbfgmatic from a user-
experience perspective, since they had become reesowithin the game, they did
prove to be very problematic when it came to cdtiltiecdata for evaluation. Unlike
lab based experimentation, the log data gatheredoftan unreliable in the sense that
the recorded position may not represent the atgation of the player when the log
was recorded. We believe this kind of issue to e that will persist for some time
in ubicomp evaluation. Inaccurate positioning antkrmittent connectivity meant
that it was possible for there to be several vessiof the game state at any one
time—one for each player and one for the servencBronising the multiple logs
generated by each player's use of the system wabaur intensive task; further
complicated by the need to explore circumstancgsaf and interaction by marry-
ing-up events captured by multiple video camerdh e multiple states of the sys-
tem at that time. Such challenges inspired thegdesi Replayer [5], an analytic tool
that integrates and synchronises log data fromiphellsources to allow quantative,
qualitative and exploratory data analysis.

Feeding Yoshi is a second seamful game that runs on PDAs, ahdsed on the
distribution of secure and unsecure WiFi AccessBo{APs), wherever they are
found. Teams of players must find plantations (uase@Ps), in which they grow
fruit. They gain points by feeding this fruit to Yos (secure APs), and the team with
the most points wins. Unlike Treasure, Feeding Ydskliesigned to be played long-
term and fit into the routine of everyday life. Rat than being confined to a small
game arena; our main study lasted one week andvedour teams of players based
in three UK cities.

Due to the situated nature of the game and ouresttén discovering how players
responded to the contingencies of the technologycdithe everyday world in which
they were playing, the approach that we took tduata Treasure was infeasible.
Rather than ‘staging’ a game within a semi-condlenvironment, game play was
intentionally conditional on players’ existing aimstances of work, leisure and
home life. Players were free to play the game whenand wherever they liked, and
in fact they ranged across the entire country. Viéeevonly occasionally able to ob-
serve players, e.g. video their activity, and caubd guarantee that the game would
be played at all.

Game state was simpler than in Treasure, and wetdmafew types of data to
make the use of Replayer worthwhile. We could kieefpuch with players via mo-



bile phones and email but this could be seen assine and bothersome to players.
We relied on post-trial analysis based on simp#tesy logs and interviews in which

players reflected on their play. Analysis was d@rajled by the lapsed time between
game play and the interviews themselves. The lededm® to utilise usage diaries in

future evaluations, and to consider ways to makeias richer and more relevant to
players.

Shakra is a mobile-phone based awareness applicationudex patterns of fluc-
tuation in GSM cell signal strength to determineetiler or not a user is stationary,
walking or travelling in a car. Real-time feedbaafkthe currently detected mode of
motion is presented via an animation on the homeescof the application. A user
can then view their daily activity level (the acauated time spent walking during
the day) in isolation, within the context of prewsodays’ levels, or in comparison
with the accumulated activity totals of their frilnalso using Shakra. Shakra was
piloted with three groups of friends over the ceun$ one week, to detail its use and
to determine whether it increased users’ awareok#seir activity level. The focus
was on the users’ experiences with both the agtivétcking and the sharing feature.
As with Feeding Yoshi, trialling the system withéncontrolled environment would
not have allowed us to fully explore the experieacd consequences of using the
system. To overcome the issue of delayed refle¢tiahwas found during the Yoshi
trial, usage diaries were provided. Although thagesdiaries provided valuable in-
sight, serving as a reminder for the user and enptdor the researcher during inter-
views, it was limited in its usefulness due to sketic and predetermined nature of the
questions within it. To address this problem we & an application for gather-
ing data and making web—-based interview forms weatalledFlexiFill, which we
piloted during the trial of the next described syst-riendPhone.

FriendPhone is a mobile phone application that displays conitgformation about
friends and contacts. It currently supports threennitems of information: location
detection by the phone itself and sharing of thsasuring of how long the person
has been at that location or when they left a knlmgation and finally, sharing of the
phone profile. All three pieces of information ashown in the contact list
screen. Like many other ubiquitous computing appbea, FriendPhone was diffi-
cult to study in situ throughout the users’ dailyes. In our studies of Shakra and
Feeding Yoshi we relied on using a combination itHirf-diaries and interviews
which as we have seen was problematic. The challizmgel was how could we gain
insight into the participants’ actual use and petioa of the application, without
intruding or making constant inquiries that wouletrdct from the user experience.
Also studying ubicomp user experiences lasting manger than is usually the case,
how could we make sure interesting outcomes wetdastp or forgotten before the
analysts had time to engage with the users?

For the purpose of daily inquiries, we developedi/aamic web-based diary tool,
Flexifill, which adapts its questions to that pawtar day’'s phone communication.
Since all information about location and commuriarais logged and sent to a cen-
tral server via GPRS, it was simple to use thignmation in the questions. From
previous experiences we were aware that particsparg reluctant to write thorough
diaries by hand, in particular if they have to tldaily and the questions are repeti-
tive. The diary was therefore designed to be flexiplrticipants could fill it in at a



time and place that suited them. In the diary, ltdgged information was used to
remind the participants whom they communicated withking it easier for them to
recall their motivation and actions around the camitation. In each entry we asked
about a single, randomly selected phone call abageh text message sent that day.
Apart from questions asking about communicatiorrélation to the FriendPhone
application, we also inquired into the participamdsel of comfort with having their
location tracked throughout the day. We also ermgljiif they used it, why they de-
cided to use the manual location mode rather tloatirmuing to use automatic track-
ing. One of the main advantages we found with dmemliary was that both midway
and final interviews could be more tailored to faticular participant.

3 Discussion

Several issues combined to shape our methods afslfy evaluation of ubicomp
systems used at a far larger geographic and tefrgeaie than traditional lab studies.
Technical issues included inaccurate positioninggrimittent connectivity and multi-
ple versions of system state, and social issudgdad the inconvenience and intru-
siveness of interviews and the relative irrelevaacgenericity of fill-in diaries. In
order to alleviate the technical issues, we cretitedreplayer tool that lets evaluators
combine system logs and multiple streams of auidieévrecordings, and uses infor-
mation visualisation techniques to support richeraction and analysis of the re-
sulting heterogeneous data sets. With regard testlceal issues, we developed the
FlexiFill system that uses sampled data from thgsdactivity to enrich the forms
used for fill-in diaries, making them more relevant acceptable to trial participants.

We continue to develop these tools, along with ndicomp user trials and ex-
periences. In effect, we see strong benefits fatuators in taking advantage of the
same technologies that we are developing for ugergrms of using wireless net-
works and distributed sensors and camera as toolsdintaining awareness, finding
relevant information, and in making evaluation mofea synchronous engaged ex-
perience despite the vagaries of geographic angdaehscale, shifting context, and
the work of fitting ubicomp evaluation into the tme of our own everyday lives.
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