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ABSTRACT

future possibilities, when we are exploring a tigkly open

This paper describes a series of user-centred rdesig ‘opportunity space’ rather than engaging in ‘proble

sessions conducted with children of varying agesxfuore
near-future applications of sensor-based technetodive
explain how a review of each session resulteddesign of
the activity and the identification of modifiablepects of
the design process, that when changed, resultcimeri
understandings of possible applications and unuherly
values. From this we identify modifiable aspectohtem
statement, ideation, technology introduction andpots.
We discuss the potential advantages of a “saltiatiofone
that jumps around) approach to an exploration efgpace
of design activities as opposed to a more increaheard
evolutionary approach.
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children, user-centred design
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INTRODUCTION

Ubiquitous computing (ubicomp) [1] and associatealkit
technologies [11] are maturing to a point where ca@
seriously start to think about what applications want to
design and use in our everyday lives. This movesontp
from the realm of some unknowable future to a vezgr
future. A challenge now is to understand what aailbns
people want ubicomp technologies applied to and thay
could become integrated into our everyday lives [6]

focused’ design, and when there is a specific det o
technology components and infrastructures that berh
novel to the children yet also constrain desigrsjiildies.

While existing UCD and participatory design (PD)
technigues with children might provide pointers fimw to
engage in design explorations in the face of these
challenges, there remains an opportunity to exphdongore
systematic elaboration of approaches.

In this paper we describe four different designdisi
undertaken with 22 children taken from differenteag
groups. We as designers were seeking to work with
children to discover new and valuable applicatifamghem
using sensors, actuators and display technologigishw
form a subset of ubicomp technologies. Our starfinmt

for these design activities was a ‘virtual skipping
application’ which used several components commonly
associated with ubiquitous computing applicatiofm$ie
application was composed of a force sensor, a \sefea
and an RFID reader with accompnanying tags. The
application was constructed using the Equator Carepb
Toolkit (ECT) [11]. It was our hope to pick up an
developing theme in ubicomp research; the creatibn
‘toolkit’ [11,15] interfaces that would allow ancheourage
configuration and exploration of sets of ubicomp
components into user-defined applications. To ¢hid we
embarked on a series of design explorations withirem,
starting with the skipping application and evolviogr
approach in subsequent design studies. In redegignir

While there has been some previous work looking at activities in response to outcomes from previoigsir we

engaging adults in design explorations around ubjco
[16,22], there has only been limited work in engggi
children. The compelling arguments for the uselulidcen

in the design of interactive applications more gelhe is
well documented [1,2,8,9,23,26]. There have alsenbe
attempts to involve children in the user centredigte
(UCD) of future applications [27].

What we are interested in here is not so much pleeific
ideas children might have but rather how to meet th
challenge of engaging children in discussions adoumar-

found ourselves reflecting on our initial goalsgahe kind

of outputs one might expect from such near-future
participatory design. We were also lead to reflectthe
weaknesses of a process in which we amend
methodology in an incremental linear fashion athsaa
early point, when we had a relatively poor undewitag of
the nature of the opportunity/problem space thatweee
exploring.

our

The contribution of this paper is to begin ancafition of
the different approaches that can be taken to ngpetie
challenges of near-future design with children. ®ikee an
account of the findings from each design trial hod these
findings led us to modify subsequent design tridMe
suggest that there is potential benefit of a n@nemental,
saltationist approach to the modification of dedigals in
response to findings as a method of more richlylcekm
the design space. This saltationist approach draws



analogy between developments in design process anaonsiderable work has been done on trying to engdgé

theories and debates in evolutionary biology. Imremnt
evolutionary thinking, as maintained by “gradudlist
theorists such as Dawkins [7], the belief is thmpartant
features — such as the eye or the horizontally s@gpo
thumb in primates — evolve in tiny incremental gnddual
steps. However, it has been argued by earlierdtaitist”
theorists such as Schindewolf [25], that the evohary
process allows for jumps across the possibilitycepalere
identify aspects of the design activity — problesatement,
technology introduction, ideation and outputs - akhtan
be modified to create new design activities thathée and
alternative to gradualist explorations. That azedhe
possibility of different jumping off points in thepace of all
possible design activities.

The structure of this paper is as follows: we fil&cuss
related work before outlining the conduct of fougsign
studies aimed at better understanding the desigoespf
future applications of ubiquitous computing. After
describing each of these studies, we go on to skstueir
impact on our understanding of the process of cciuiyl
UCD activity of near-future technologies with chidah.

RELATED WORK

Working with children as informants and participaint the
design process is becoming a well explored are2ad;,
9,23,26]. For example both Druin [9] and Scaife and
Rogers [23] discuss in different ways the varicales that
children can play throughout the design lifecydighile
there might be some disagreement in how children ar
involved, in both cases as with many others, theigthe
focus is relatively well established, e.g., designia
collaborative storytelling system [3] or an inteieae tool

for learning about ecology [23]. Indeed, Scaife &udjers
acknowledge the difficulty of involving children imore
open-ended, future directed work which is one tbetral
themes of this paper: “On one hand, the kids comwith
many wonderful suggestions that the design teamdamat
have come up with[...] on the other hand, many ofrthe
ideas are unworkable in computing terms.”[23]

There has also been a strand of design activitiesiiing
children that seeks to inform design by observinigdeen’s
immediate intuitive attempts to control an applizat[12].
Other approaches seek to understand childrensidgs
and understanding of technologies by asking therairaov
computer programmers and computer programs [24]leNh
we are therefore aware that there are a consideraiohber
of design activities reported in literatures abohiquitous
computing and interaction design for children tlzae
similar to the activities which we describe belooyr
interest is to outline the ways in which designivétits
such as these can be constructed and combinedotorex
the unique space of future design.

The issue of what problems ubicomp technologiesbaest
suited to and what people want to live with is also
becoming an area of active research

users in design discussions exploring possibilitiéarious
approaches include scenario development using iCatvil
Hobbs cartoons as a medium [20], and using compgonen
‘ligsaw’ pieces where people are asked to buildieations
with representations of sensors and actuators [15].
Similarly, Alborzi et al [1] also ask children taqiotype
with cards with sensors and actuators drawn on therare
doing so with a specific design goal in mind fargtelling.
Technology probes are another approach to engaging
people in discussions about future technologies revhe
people are asked to live with a novel technology do
period of time as a source of inspiration for ndeais [16].
Our use of the skipping application, described Wwels
similar to a technology probe but is not left imtaxt with

our participants.

Future design has also been a focus of intereshén
participatory design community. Future workshopoie
technique that has been used with adults, for elamap
part of the larger methodology of the Envisionment
Workshop [10] for the design of new commercial prod.
Others have also explored the use of future worbsivdth
adults and in particular have used role playing aizhrd
of oz prototyping, e.g., ‘experience prototypingt] [as
participatory design techniques. Other work has ke
on the design of more open-ended future technddogith
children and adults [27] but as an iterative armt@asingly
focused activity, described in terms of a “spir&ldesign
ideas with each revisit building on and pushingwiand
earlier conceptions”. The metaphor of future designan
iterative, spiraling process has also been useduwy and
Binder [5]; they further acknowledge that “new ceptual
frameworks for interactive products such as ubayst
computing and tangible interaction open new andarted
terrain for product design” [5].

However, techniques such as future design workstoops
iterative spiraling approaches are more usefli@tbncept
stage of design rather than early ideation that ame
interested in. Also, in each case referred to apawangle
design process was described. Set amongst this, werk
might characterize our own work as being concennita
expanding and informing the very earliest stagedesign,
the pre-iterative phase before the methodologiesgchwh
spiral towards specific solutions begin. What wee ar
interested in here is how we might employ different
approaches while still in the open design phadetp open
up the design space and understand it from multiple
perspectives. We go on here to describe the fodiest we
undertook and the reflections that led to the sexdly.

STUDIES

Interactive Skipping Background

The Interactive skipping application that formea thasis
for the first two design studies was initially luds an
interactive exhibit to be shown at two differeniesce / art

interest angexhibitions. The application was built using theTE@olkit



[11] as a platform, using inputs such as radio desgpy
tags, pressure sensors and a webcam.

__

Figure 1 a) Girl jumping up the stairs as a mixed p
monster. b) RFID body part tagged tokens

The application involved children jumping on a fdatn to
make a cartoon character climb some stairs asqtenjeon

a screen. First they configured a mixed-up cartperson
by choosing body components from a ghost, a bigrgre
monster, and a vampire (in keeping with a Hallowtneme
appropriate to the time). Each body was in thredspa
designating particular ways of jumping: speed, doend
the number of skips/jumps. Each of these input ybod
components was represented as a tangible token made
of wood with an embedded RFID tag. Once configu{sed
Figure 1b), the children would then press a staitton
while looking into a web-cam which took their imadgy
jumping on the pad in front of a large screen, thewld
make their mixed up person (monster) move up thessby
jumping or skipping as decided by their choice ofly
parts. Players were also given on-screen feedbdttk w
displayed messages such as “go faster” or “jumpldrar
The game was finished when their on-screen peeached
the top step at which point the child's face was
superimposed on the mixed up body.

We had hoped in the course of the public evenenggage
children and adults in a discussion about how thight re-
configure the application but because of the popvlaf
the exhibit, this was not practical. Instead, weided to
use the application as a form of experience prae (
opposed to technology probe [16] which tend to &eduin
context rather than in a lab) to explore childreidsas for
the use of sensor-based technologies.

Study Overview

The interactive skipping study was the first of f@tudies
as summarized iable 1 and reported in the following
discussions. We will present each study in turflecéng
on the experiences of each study and showing thagds
made to the subsequent design study. Each of titest
was conducted in our laboratory and broadly coedisff a
technology introduction phase followed by some fam
idea generation (ideation). Sessions lasted 1.8u2sheach.
Participants were recruited from local schools withich

we have existing relationships. Teachers accomgatthie
children but did not participate. All sessions weideo
recorded. A qualitative analysis was conducted ba t
notes, video tapes and the outputs produced by the
participants in the sessions.

STUDY PARTICIPANTS
1: Interactive 7-8 year olds
skipping session 1: 4 girls; session 2: 3 boys
2: Interactive 13-14 year olds
skipping - session 1: 3 girls; session 2: 4 boys
modified

3: Technology
Introduction

13-14 year olds

session 1: 4 boys

11-12 year olds
session 1: 3 boys, 1 girl

4: Technology
Invention

Table 1 Overview of Studies

In all of the studies, we asked children to viszaltheir
ideas through drawing as a form of lo-tech protimtgpAn
appropriate interpretation of lo-tech prototypingr f
children is a technigue that has been widely adbetg. [9,
23]. Druin [9], for example, argues that drawing is
particularly effective with children as they camdi it
difficult to express abstract ideas. All of the dias were
also conducted with groups of peers to help engsura
discussion together.

Study 1: Interactive Skipping as Experience Probe

The aim of our initial study was to explore whethbildren
could sufficiently understand the components, deast the
effect of components, that went into creating titeractive
skipping experience and so come up with new ideas t
reconfigure it. Motivation for the study of end-use
configuration comes from the realization within the
ubiquitous computing community that whatever utiious
computing solutions we might see in the futureythee
unlikely to arrive all at once, asfait accomplj but rather
piecemeal so that configurations of technology walilange
continually over time [22]. It follows from thisbgervation
that newly-added technology will often need to be
configured to work with existing technology andttkizere
may be an opportunity to create a configurablerfate
that will allow users to do this themselves ratliean
requiring them to rely on experts. Several effbese been
made to address this problem directly with the poidn

of visual and tangible interfaces that facilitatedaiser
configuration [10,20].

In this study, our aim was to explore the childsen’
understanding of the interactive skipping applmwat- here
we call it an experience probe in that we aim te dsect
experience with it to stimulate to discussion adédas.
Further we wished to explore how this understandmnght
be used to create a configurable interface whichulavo



encourage the creation of other experiences bwalipthe
reconfiguration of similar components.

We had 2 sessions with participants, one with s and
another with three boys, all 7-8 years old. Wetetithe
children to “try out” an embodied interactive experce
involving jumping on a platform to make a cartoon
character climb some stairs which were projectedaon
screen. With each group we worked with each chiltiiin;
we invited the first child into our laboratory, damed to
them the workings of the interactive skipping royée told
them the ‘back story’ about the witch and the mixen
body that accompanied the game and showed thentdow
select the tokens that would make up the mixedarmpon
person and let them play with it.

A second child was then brought in and the firsidcivas
asked to explain to the second child how the gawrked.
The aim of asking the first child to explain thargato the
second child, and then ask the second child toa@gxphe
game to the third child, and so on, was to encauthg
verbalization of an understanding of the game betwe
children in their own language and vocabulary. $eeond
child was then given an opportunity to play the ganith

the first child watching and encouraging them. When
finished, the first child was then asked to go iatmther
room where they were given paper and coloured peds
asked to draw examples of how they might change and
develop the experience — this was the ‘problenmestant’

to focus their design explorations. This pattermtcmed
until all four children had had an opportunity tay the
game and to draw pictures of different things tiveyld do

if they could. The children were then brought baether
and asked to explain their drawings. We then igviteem

to reflect on how they thought the experience wdrke

Study 1 Results

The children clearly enjoyed making the mixed uptazn
person climb the stairs and showed delight with the
captured image of their face being placed intofdwe of

the mixed up person. They were keen to have many
repeated turns using different combinations of bpédjyts.
However, we saw little attempt to understand eyastiat
different types of body parts meant in terms of gjagne.
Instead their exploration seemed to be solely airatd
completing the task. For example they would expenim
with jumping harder or softer or faster or slowaut not in

a reasoned way with respect to their on-screen
representation and did not experiment with whergutop

on the mat. In all, we saw little evidence of ttéldren
seeking to understand the workings of the technpolog

When it came to asking the children for their thioisgon
creating different types of experiences, they all
concentrated on changing the elements of the btk s
where the same jumping characteristics were usédadou
different effect. For example, Girl E explained laeawing

as the following: “in the game that you are doingrh
changing the mixed up monster into a mixed up ahiiha

has to climb up the tree instead of going up th@sivhen

it gets to the top it eats the fruit.” All of bogsew games
with more aggressive elements such as swords amtb)o

as in Figure 3. An interesting exception to chaggihe
back story was put forward by Girl C, where theiattion
with the game became a mouse that had to climb a
Windows menu but still using jumping to initiateeth
movement, demonstrating an understanding that sise h
been bodily interacting with a computer.
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Figure 2 Girl H (7 yrold)  Figure 3 Boy S (7yrold)

Only one participant, Girl H, showed some initial
understanding of the coupling between the configlera
components and the jumping experience (Figure R).
describing her drawing she talked about differentls of
bouncy grass that her insect had to navigate tiv thie
Queen Fairy: very bouncy, quite bouncy and littteidcy.
She also manipulated features of the top and bogtarts
of the mixed up insect, suggesting that a top withgs
would make the mixed up insect lighter and theefsould
require lighter jumps, whereas if the insect hadariegs,
such as with a centipede, then the mixed up insecid
become heavier. This showed some evidence of
understanding the relationship between the bodytspar
chosen and the type of jumping required.

When asked how they thought it worked, none of them
showed any understanding of the relationship beiwke
configurable body part tokens and the interactileenents

of the experience. For example, when asked explicthat

he thought the body tokens might be for, Boy B iezplit
doesn’t have anything to do with the thing [jumgings
how you jump it.”

Study 1 Reflections

While a fun experience, our overall assessmenthif t
initial trial was that the interface had not sufiatly
suggested distinguishable components used by thee ga
either at an experience level or a technical l&vethildren

to engage in reconfiguration discussions. For i study
we decided therefore to make the interface compenen
more obvious. We did this both at the token leved ¢he
display feedback level, with the aim of making more
explicit the meaning behind the choice of body parivell

as how they were jumping.

At the token level, we made two changes. The fies with
the top half tokens which were embedded with anuarho



of lead corresponding to the force characterisficthat
body part to give a tangible sense of weight. HErisured
the heaviest token (the monster) matched the jugnpin
requirement to jump with the greatest amount otdoin
order to advance up the stairs. The second chaagetav
have the words “slow”, “medium”, or “fast” writtemext to

the bottom half of the cartoon representations.

At the feedback level, we added two instrument ldigpto
either side of the main GUI. We used a thermorrstige
graphic to give feedback as to the force of jumjictviwvas
being detected. This was marked as “Too Hard”,d'To
Soft”, and “Just Right”. We also added a speedemet
graphic, the dial of which was labeled, “Too Hartirpo
Soft” and “Just Right”.

Even though some suggest that children 7-10 makentist
effective prototyping partners [8], we were coneetrihat
in this instance, the task might have been todcditf and
so decided in the next study to use older teenhiidren.

Study 2: Interactive Skipping (modified) with Older
Children

For study 2, we conducted two design sessions 18t 4
year old children — three girls and four boys. Wade use

of the modified skipping application as describ&o\a in
the hope that our participants would be better able
understand the components that went to making ep th
skipping experience and so explore ideas for naeel
configurations.

Study 2 Results

Figure 4 TeenBoy T Figure 5 TeenGif

(13 yrs old) (13 yrsdhl
When asked how they thought it worked, they allvea
some understanding of the RFID body token choices
influencing how hard and fast they had to jump:e“th
lightest and fastest is what you want” (TeenBoy \&hen
we showed them the unmodified body tokens from btyd
they agreed that the modified ones made the takewping
relationships much clearer. They also readily usibed
the on-screen displays: “that’'s your force and’shgbur
speed” (TeenBoy T), and had suggestions for bgtages
and dials. Interestingly, this discussion of how gystem
worked led to a further round of ideas that stattedhake
much more creative use of the games components. For
example, the boys came up with a collective ideado
snowboarding game that made use of the pressuetpad
correlate with the act of snowboarding and then ifrext
the input tokens to manipulate the difficulty ofetlgame
through choice of board and weight of charactee giils’
discussions led to new ideas for keep fit and legrn
applications for younger kids “where they don'tlisathey
are learning”, showing a move away from game

The teenagers engaged as fully with the skipping experiences.

application as had the 7-8-year olds. As with thelier
groups, there was little evidence in their explemast and
peer discussions of any real understanding of hiogv t
experience was working.

When it came to the new design ideas we asked tbem
draw, it was noticeable that all but one referentesir
modifications to their experiences of existing game
technologies such as Play Station 2 (PS2), XboRamce
Mat. TeenBoy T (Figure 4) for example, explicitiaped
his drawing within a PS2 bounding box and suggested
use of the dance mat and Eyetoy; he also sugghatedg
“a running option as well as a jumping one”, shayéome
idea of different forms of bodily interaction with

Figure 6 - GUI used in Trial 2

technology. TeenBoy M developed a vampire boxer Study 2 Reflections

character and suggested making it a multiplayerpetitive
game to get up the stirs first. Overall, the boys’
modifications brought in more violent and competti
elements, and in discussion referred to explicihgs they
were familiar with. The girls also made referenzédamiliar
games but with friendlier characters. For exampeenGirl
S (Figure 5) kept the back story the same but etsdents
from ‘Super Mario’ game to change the verticalrstad a
horizontal scrolling presentation. TeenGirl N brbugn
elements from the Sims game, developing charaetihs
life points and levels.

Overall the skipping application proved engagingd an
enjoyable, and as an experience probe it encourgged
discussions with reference to familiar and similar
applications — in this way it helped us understamole
about their relevant cultural contexts and expesesn
However, it also proved limited in opening up diéfet
types of design ideas. The changes to the repetgenbf
speed and force made the interactive elements ef th
experience easier to understand, but this improved
knowledge did not translate to more diverse usehef
technology. The experience also seemed to beltse to



their experiences with other commercially availagpanes
and most of their suggestions were not very faronad
either from the current skipping design or fromestbames
they were familiar with. It was only after more &xgj

discussions of the workings of the game that thasted to
explore more diverse scenarios.

In response to these findings we decided to tryffardnt
approach for the next study, changing both thetistar
point in the technology experience and changing the
problem domain, as discussed in the following study
description. This was our first “jump” across thesin
space and it was motivated by a feeling that inergal
changes to our initial design were unlikely to proe
radically different results.

Given that the discussions of ‘how things worked’
promoted more diverse explorations, we decidedaid ghe
next study by showing the participants explicitrepdes of
component technologies and see whether they woeld b

having the group site their applications within tieme, so
we provided them with a plan of a typical bungalo@me
reminiscent to the board game “Cluedo”™, and askech
to think of possible sensor based applications draw
them on to the top of the board. The group wer# Bpb
two groups of two and given some time to develogrth
ideas. After a while we invited them back to tatkogh
their sensor arrangements with each other, encimgrag
them to describe the application as well as theneogy.

Study 3 Results

Throughout the discussions the boys seemed kesmgtage

us in our topic of sensors and applications needlitig
encouragement to come up with suggestions andhitssig
During the first phase where we familiarised theugr with
typical applications of sensor arrangements andvstio
them the workings of four particular sensors, theug
appeared comfortable with the sensor / actuatorefmod
They showed an understanding of both discrete and

able to understand these and come up with new ideagnalogue sensor outputs and quickly related theenoa

themselves. This is similar to an approach takeAlborzi
et al [1] with StoryRoom where they give childreards of
sensors and actuators to configure though that waskfor
a specific problem-focused scenario for storynglli

In response to the games-influenced set of ideas, w
decided to change the problem domain away from ctenp
games and focus on a domestic setting from a ehild’
perspective. Games, we found, invited a sterecdyjenre

of response based on strong popular culture, wheiea
home, though something that children are intimately
familiar with, is one where they are not so engaigednd
constrained by technical and practical challengas. home

is also the focus of much design work within thécamp
community more generally e.g., [15,20].

Study 3: Technology Introduction, Ideation

In this third study we asked a group of four bo¥8 ¢ 14
year olds) to discuss and reflect on arrangemdrgersors
and technologies, using the home as an applicagting.

We conducted the session in two broad phases. if$te f
was a technology introduction/familiarization phas@e
asked the group to collectively discuss sensorn@oigies
and their application from examples they could khof.
We seeded this discussion with three examplescittéde
the conversation; these seeding applications were:
temperature sensor used in a thermostat, an iaffaensor
used as part of a burglar alarm and a speed-tedggigital
camera used in vehicle speed traps.

After this open ended discussion, the teenagers wem
shown four different sensors connected to a compute
displaying numerical data reflecting their statee \Wéed the
phidgets [14] hardware toolkit for this hands-on
demonstration and showed the workings of the light,
pressure, touch and accelerometer sensors. Weatked
the teenagers to create a list of chores or taskshvwihey
disliked doing about the house. We were interested

outputs to the sensor state.

However, asking them to come up with their own
applications using the sensors they had just seen
demonstrated they didn't appear to use their utaledsg

of the workings of specific electronic devices ather
used terminology describing the mode of interactiear
example one application they discussed was theofise
sensors to detect if a pinball machine had beerneshor
moved and so put the machine into its “Tilt” staidey
were unsure as to whether or not a touch or pressmsor
was used and preferred to talk about the “detectibn
movement of the machine”, the actual choice of @ens
technology being of secondary importance. They koew
assumed that such a movement could be detectetheyd
used this level of understanding of the technolmgiyform
their designs.

In the second phase about home solutions howeley, t
seemed to make more direct use of the sensorswbey
shown. Each pair came up with a number of appbaoati
suggestions (e.g., see Figure 7), pair A producegen
ideas and pair B four ideas. Interestingly, a nundfehe
applications concerned safety or security issues, @
force sensor on the window to alert people if thedow is
left open when you leave the house; a sensor oimdhimg
board to prevent the clothes being burnt. Othersde
concerned privacy, e.g. an ‘accelerometer abow th
bathroom door to notify you when someone is apgrioac
Another common theme concerned personal assistargge,
a moisture sensor placed outside which senses when
about to rain so that you can then bring in thehivesfrom
the washing line. One pair spent considerable time
designing an assistance application for bed makKiingy
placed a force sensor on the bed to detect whebdteds
vacated when the bed can be made using the autobeati
maker. This particular idea led to much discussiorong
the whole group about how such an application wenddk



and the logic required to make sure that the beshiva
made when you just got up to go to the bathroom.

Figure 7 Sensors on Cluedo Board

Study 3 Reflections

Overall, the teenagers in this study were very kqu@
understand the particular sensors and interact thigim.
When it came to thinking of general sensor appbcet
they mostly worked at the level of effects of fdesl of
sensors, or modes of interaction.

The study was productive in terms of ideas produesad
also ideas that to some degree used the technalegy
introduced to them. In analyzing the results we eam
realize that the value of these suggestions wasmaotuch
in the specific application suggestions, but raihethe set
of values which these inventions supported. Secuitd
automation are commonly discussed as an importeatGf
application in ubiquitous computing [20], but tim¥éntions

Study 4: Technology Invention, Ideation

The fourth study was conducted with a differentugref
children (three boys and one girl, aged 11-12),r doer
broad phases. Our initial problem statement wased to
move the children away from existing experienceth wi
technology. We asked them to “Write or draw as many
different things [technologies] as you can thinkaofl how
they are going to be different in the future.” Thiaen
discussed these together as a group.

As with the group in study 3, in the second phake,

children were asked to individually make a lishotusehold
chores. We talked through all of the items on eafcthe

lists with the children. We then asked the teermagework

in pairs to solve an example from this problembigtusing

any of the “fantastic” technologies of the futuratt they
had previously generated. This resulted in a sefiédeas
that focused on either a robot or a computer comlyle
solving the stated problem.

Having learned from our experiences in Study 2, r@he
initial outcomes were rather conventional and stere
typical, we asked the children to try again to eothe
household problem that they had been given buttiime
using some of the other technologies from their Me
also asked the children to think about specifidgaf the
some of the other technologies that they had imeenthich
might be used to solve the problem. The aim of this
restatement of the problem was to encourage less
stereotypical solutions and ideas which showed some
evidence of reconfiguring of technology components.

that the children described gave a more nuanced andStudy 4 Results

detailed picture of what aspects of security wempdrtant
to them. For these children technology that supmabrt
security and personal assistance would be techyndtuag
stopped them getting into trouble.

Similarly, privacy is regarded as an extremely intgiot
consideration in the design of ubiquitous computing
applications [21]. Again, the design of the childee
applications provided interesting additional detail
highlighting the importance of privasyithin the home and
the way that very simple ubiquitous computing textbgy
may support these needs.

We therefore felt that this study provided valuablizta
which could be used in the design of ubiquitous oting
applications. The children were not as constrainetheir
ideas by previous experience as they were withgtrees.
The introduction of the technology also seemecesuilt in
a better understanding of sensors and their inh@vaste.

However, since the method of technology introducti®
such an important aspect of the design of future
technologies, we wished to examine, if only for phgpose

of comparison, the effects of placing no restricsimn the
kinds of technology that might be used. Therefarethe
next and final study, the technologies used ardutaire
technologies imagined by the children themselves.

Examples of technologies that the children envisibn
(Figures 8 & 9) for the future were cars runningweater,
hover cars, “a TV that when you think of a movie thvV
will put it on”, robots attending to mundane tasksdios
[that] will have things to do like play games owokoup
things”. Cities were forecasted to grow and comgaueere
predicted to have artificial intelligence.

As with the other studies, when it came to makisg of
these technologies, we saw little evidence of thikdien
re-configuring or assembling technologies to make
applications. Example solutions to the problemadéaning
the house” were “Program the house to clean its@ifi a
robotic butler. When we pushed for a second roufid o
ideation we were encouraged to see at least soidense

of ideas that involved configuration and combinatiof
technology components, e.g., a Hoover and a cabice

to automate the vacuuming of the house; using andcac
help repair another.

Study 4 Reflections

On the whole we felt that the results of this studye less
encouraging than those of study 3. This was plyssib
because of the restricted set of ideas for futecbriologies
that the children produced and these in turn leadat
restricted set of solutions to the household clpoodlems.



Yet again, this highlights the importance of geftithe
technology introduction aspect of the design afstivi
correct. Our assumption had been that allowing the
children the freedom to think of any technologytttizey
wanted would set them free to generate a wide tyade
fantastical technologies from which they could demovel
solutions (from which we in turn could infer podsimear
future applications). In this instance, this wasthe case.

Figure 8 A robot that fixes
everything

DISCUSSION

The overall problem space for our studies was about
understanding how current sensor-based technolaggs
be used for near-future applications for childréhrough
the feedback and ideas provided by the childrenhaee
begun to understand more about the different typles
applications that children could be interesteceig, sensor-
based games and applications for the home. Withén t
constraints of a small set of children where weehawt
explicitly accounted for individual experiences, \Wave
none the less also started to gain an understarafitige
kinds of values that these children, at least, ndmh as
most important, e.g., in the design of domestidiagfions
(security, privacy and personal assistance) andyjes of
cultural experiences that any new application vt
positioned among.

Figure 9 Hooverig
robotic dog

However, for the purposes of the discussions heeeyant
to focus on what came out of the reflections orhestady
in starting to identify aspects of the study precst might
be manipulated in order to produce new studies.CEmral
contribution of this paper therefore is to hightighese
configurable aspects of the design process forrdutu
technologies: problem statement ideation technology
introduction and outputs and to argue for a saltationist
approach to how we explore a design space.

Identifying design process aspects
We define each of the four aspects as the following

Technology introduction: how technologies that

constrain/enable the design space are introduced

Problem statement: what is it that the participarts
being asked to address

Ideation: the process of generating ideas
Outputs: the outputs from the design session

Each of the studies took a slightly different p#though
each of these four aspects. For example, FigurehbWs

the path that was taken through these configurabfeects
in study 1, 2, and 3. Study 4 started with prob&atement,
moving then to ideation that in turn generated tetbgies
that were then used as outputs. However, it is @ksar that
even though each of the first three studies stavtddsome
form of technology introduction, this was approathie

different ways, leading to different types of desggssions.
In the following discussions, we start an articdolatof the

different ways that these aspects can be approachedrt
of a design space exploration.

Figure 10- Path taken through configurable aspectsf
study 1

One of the most pressing problems with UCD/PD tdirkel
applications of technology is how to introduce the
technology. Within the studies presented here wk three
different approaches tiechnology introduction. In study

1, the technology was presented as an ‘integrated’
interactive experience — the experience probe -wantlad
hoped that curiosity would lead them to think abthe
elements of the experience and reconfigure theodyS2
used a similar introduction technique but triechtake the
mappings between interactive components and
experience more explicit. In our third study, teehnology
was introduced in a form of component ‘show antl. teéh
summary, participants can be shown a variety o$tieg
applications as ‘black boxes’ and then ‘openinghgbox’
to talk through how various technology components a
assembled in the application. Alternatively, papéaits can
be shown examples of component technologies ‘itir the
bare bones’ that can then go into building up grlieation.
The different starting points led to different tgpef
discussions; here the ‘integrated’ experience piaodped
uncover similar experiences around games; the tdaoy
components led to the children using their moreegan
understanding of families of technology behaviours.

the

The content and method of presentation of pheblem
statementis also crucial to the design process. In study 1
and 2 we then moved on from technology introducton
the problem statement — “How would you change this
game?”. In the kind of UCD that we have charazestias
problem-oriented design there may well be somectiingk
between the goal of the overall design activitypesign an
interface to an online library of children’s litéuee.” In
attempting to design novel applications of new &tikb-
understood technologies, there is unlikely to behsa



direct connection. Part of the work of constructfogure-
oriented UCD sessions must be the interpretatiorarof
overall problem statement — “Do cool/interestingfus
stuff with sensors” — into more manageable focugaaks.
In studies 3 and 4 we gave the children a problemain
but in effect asked the children to come up withirtlown
problem statements around the application areawiedtic
life. We therefore really allowed the problem staénts to
come out of an initial phase of ideation.

The focus and wording of the problem statements welly
be an aspect of the design session which needs efined
over many iterations. One observation from ourlftrial is
the that there may be some problems with includhre
words “future” or “technology” and indeed other tcually
loaded terms such as “game” in any part of the lprob
statement. Children are used to certain receivesiores of
the future from science fiction. Technology is aptbe
understood in the narrow sense of consumer eldécfon
To some degree our final trial saw evidence offthare
being equated to robots and computers which wepelta
of completely automating any problematic task. dtufe
work we would like to experiment more with changihg

wording of problem statements to perhaps avoid ethes

received terms. This may well be best achievet it
use of iteration in the ideation phase.

The ideation phase can itself be approached in different

ways. There is considerable technique involved he t

However, it is not only the job of future designetiicit the
current values of participants; it must also disgothe
possible future value of technologies that are pet
deployed. We must therefore be ready to capturé-“le
field” and unexpected interpretations, applicatioasd
expectations of technology. An example of thisrfrour
studies was the girl who came up with an idea ® the
pressure-sensitive mat from our technology-probppshg
game as a way of the start menu in the windowsfate.

Taking a saltationist approach

Having identified different aspects of a designgess for
future technologies, and begun to identify possduatent
and approaches for these configurable aspectsuggest
that differing paths can be taken through thesdigamable

aspects as part of a deliberate strategy to manreyri
explore the design space while it is still in thjgen phase.
We draw an analogy with the early “saltationisttagnt of

evolutionary development. Evolutionary theory ntells

us that species cannot jump from one part of tlEEewf

possible biological designs to another, they mustive

gradually, one increment at a time. This can afrse be
effective, but it is also slow. “Saltationist” ewtibn is not

possible in nature, but it is in design methodojothe

identification of several configurable aspects loé {JCD

activities allows the designer to jump around thesigh

space and so, in a short space of time, cover dauof

approaches and issues which an incremental or tawaduy

presentation and management of the period in which@PProach would perhaps not visit. In this way thece of

participants are encouraged to come up with saistto the

possible design activities can be more completeplazed

problems which have been identified in the problem- @nd in doing so the opportunity space for applaretiis

statement phase. In our second trial we observatl ¢h

also more richly understood.

second, more interesting and more informed peribd o To validate this, future work is required to exglomore
ideation occurred spontaneously after we had talkedsystematically if and how feedback of the outputsmf

through the participants’ initial ideas. In studyvé tried to
use this observation to further inform and struettine
process of ideation. In both the problem statenpdwatse
and the ideation phase the children were askedn ey
appeared to have finished working, to “try to thiokjust

one thing more” and this tended to generate more

innovative ideas than they had previously come itp.Wwn

future work we would like to gain a much better

understanding about what kinds of internal struectare
most fruitful in this ideation phase.

In problem-oriented UCD, some of tloaitputs of design
activity might be expected to be requirements for
application, and also a series of scenarios faraution.
We have come to understand that the nature of taufpam
a UCD process for near future applications is aersibly
different. The kinds of design activities that wavé
outlined above tend to elicit the values and caltaontexts
of the participants. When asked to change a gafeesofas
a technology probe, 8-year old girls changed treradters
to animals and the environment to flowers, boyseddd
knives, bombs and axes.

design sessions might result in iterative improvemef
problem statements and ideation methodologies. e a
aim to move forward to prototype stage with appiaa
ideas which arise from values elicited (such awaoy
support within the home).

CONCLUSION

The process of conducting a study, evaluating ithdirfgs
from a study and then redesigning the study inoesp to
our findings has led us to identify distinct seotioof the
study process which can be explicitly manipulatgtke four
studies that we describe in this paper have explarspace

a of possible lab-based, UCD activities for the degi§near-

future ubiquitous computing technologies with crelal

We propose that a “saltationist” approach — jumgngund
the space of possible design activities by mantmgahese
different sections — can lead to a better, richeustnding
of the problem space as it specifically relates the
technologies and future applications than woulgssible
with more incremental changes to design sessianitas.
Future work can further elaborate these processossc
and point to ways they can be manipulated for ptomgaa



more systematic approach to exploring the desigitespf 15.Humble, J., Crabtree, A., et al.: “Playing with tBis”
near future technologies. User-Configuration of Ubiquitous Domestic
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