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Abstract

This paper demonstrates that in order to understand
and design for interactions in complex work
environments, a variety of representational artefac

To illustrate this idea with an analogy one might
consider the act of looking into a large room frtime
outside through one of its many windows. Each wimdo
presents the room, its occupants, and their iniergc
from a unique perspective. By moving around and
looking through different windows, details that weer

must be developed and employed. A study wadoreviously hidden now emerge and fill in gaps torfa

undertaken to explore the design of better inteoact
technologies to support patient record keeping in a
dental surgery. The domain chosen is a challengég)
context that exhibits problems that could potehtisle
solved by ubiquitous computing and multi-modal
interaction technologies. Both transient and dugabl
representations were used to develop design
understandings. We describe the representations, th
kinds of insights developed from the representatemd
the way that the multiple representations interaotd
carry forward in the design process.

Keywords: Interaction Design, Participatory Design,
Representation, Ubiquitous Computing, Multi-modal
interaction, Video Card Game

1. Introduction

This paper describes the development and applicatio
of a variety of representational artefacts to thebfem
of designing for interaction in a specific contextjental
surgery.

Design and understanding are not mutually exclysive
they are, in fact, intrinsically linked. One doest meed
to understand a domain and all its complexitiesriter
to begin designing, but rather can view design &as a
avenue for refining and shaping understanding. gvesi
affords a practical means for developing a deeper
working knowledge of the problem space, and this
understanding, in turn, guides design. The abildy
reflect on understanding and design is largely deast
upon the quality of the representational artefttas are
available (Suchman 1994). Early representatiohsagac
springboards into the design process.

more complete picture of the setting and the social
interaction. In the same way that windows reveal
different sections of the room, representationtdfacts
act as a “window” into design.

There are a number of activities and events that we
have used to represent and articulate our undelisgn
of dental practice.

1.1. Outline

The underlying theme of the paper is that through
applying effective ways of representing our
understanding of the surgery we can expose the
intricacies of dental practice and move furtheroint
design.

The remainder of this section presents some
background to our work and describes some related
research projects.

Section 2 describes the dental surgery and the snean
by which the dentist and assistant interact witk th
information system. This will provide some insighto
the constraints that are imposed on dental prabgidbe
need to operate in a sterile environment.

Section 3 describes our methods of exploring
interaction, and discusses some of the representéti
artefacts that we have used for developing our
understanding of dental practice.

Section 4 explores the relationship between
representational artefacts and design methods and
examines the impact of these artefacts on our desig

1.2. Background

As computing has transitioned from the desktofhéo t
real world, new paradigms have emerged for
understanding human-computer interaction such as



ubiquitous (or pervasive) computing (Weiser 1991;

Weiser 1993), and tangible computing (Ishii andmgif
1997). However, many ubiquitous and
computing research projects have focussed
developing demonstrations of what is
possible, rather than exploring the richness of tmork
contexts and the challenges and opportunities ttreat
provide for design. For example, while Ishii's tibig
user interfaces are novel and provide differentsnvafy
thinking about interaction, Ishii’'s research does seek
to deploy new forms of interaction into real work
practice contexts with real users. Few projectst $tg
considering the problems of interacting with the
information infrastructure in a specific, everydaprk

when it
tangible experimental data as required. Although the rebeasc
onrecognised
technically interacting with a computer in a clean environmémy

information
recording

electronic notebook, providing relevant
is needed and automatically
the problem of contamination whilst
did not attempt to solve this particular problem by
changing the nature of interaction with the system
through mouse and keyboard. Labscape was found to
improve the work process in the cell biology latiora
and was readily adopted by biologists.

Nilsson et al examined work practice in a wastewate
treatment plant and used ethnographic methods and
participatory design techniques to explore how fplan
workers might monitor the water quality in the aodtof

environment. Thus design requirements are often notthe plant environment, rather than from the corsfioka

grounded in what people need.

Typical work environments require people
manipulate a variety of physical tools, maintairtiab
interactions, and keep track of what is happenmogirzd
them. When attempting to blend social, physicakl an
human-machine interaction together, the
designing for interaction in a specific context ees
problematic. Current research on interaction intexin
suggests that it is not possible to prescribe aat@wn but

to

task of system, digital

centralised control room.

The Pucketizer is a mobile device designed to
“smooth the transition between interacting with gibgl
objects in process control and digital represewatiof
the same objects” (Nilsson, Sokoler et al. 2000)thie
information about an object being
monitored is provided in the physical context oétth
object rather than in a control room. Nilsson et al
engaged the process operators with prototypesasgosn

instead technologies need to be designed to support of use and full-day workshops. The outcome was a
range of improvised interactions contingent on use.system that provided process monitoring configarati
Designing such devices requires that we as designerthat was far more flexible than the traditional tcelised

must look to the real context for inspiration ratltiean
abstract technology driven ideas of what future kwor

control room context.
Whereas many ubiquitous computing projects seem to

practice should be like. The problem becomes how toerr by removing control from the operator, Puclastis

move from the world of the present as we understand
into future practice through design.

Understanding the context in which work occursris a
intermediate step towards creating a work place itha
supported, rather than restricted by, technologyrter
to guide our design with this understanding howewer
need to explore what motivates and gives meanirigeto
way that dentists participate in the environmenivirich
they work.

1.3. Related work

Two noted exceptions to the trend of technology

driven design are the Labscape (Arnstein, Chia-Yeing
al.) and Pucketiser (Nilsson, Sokoler et al.
projects.

Arnstein et al examined work practice in a cell

biology laboratory using techniques such as field

research and intensive interviewing and identifted

problem that biologists faced of tedious methods of

retrieving and recording experimental
designed the Labscape system to support the uk#rs o

focussed on providing information so that certain
decisions of control were left to the operator. By
respecting the abilities of participants, payingmation to
their needs and suggestions and exploring
interactional details of their current and futurerkv
through prototyping and engagement with them, the
participatory design approach naturally appeatsdd to
designs that address two issues identified as key b
researchers: first, our inherent ability to acthwand
through objects (Norman, 1998; Bodker, 1991; Braret
2001; Dourish, 2001), referred to by Dourish as
“coupling” and second, our ability to interpret how
objects work and what to do with them, referredoyo
some researchers as “transparency”. We act withctdj

the

2000) a5 they are present-at-hand, and through objediisess

become ready-to-hand (concepts which have thejingri

in the phenomenology of Heidegger). For examplesrwh
we use a mouse to interact with a desktop comptiter,
mouse becomes an extension of our arm (ready-td}han
as we move files and navigate through menu settifgs

data. They e act through the mouse, our work, and not thesaou

is the focus of our attention. However, once videsit

laboratory. Labscape is a ubiquitous computing y,q far and it falls off the mouse pad or bump® iat

environment that is designed with the environmend a
users in mind so it doesn’'t disrupt natural workflo
Most of the data gathering was automated with camer

nearby text book our natural flow of actions is
interrupted. Our attention is drawn to the mouse (
becomes present-at-hand) and we need to readjtest it

and sensors placed around the physical workplac€yoye on. Technology can only successfully become

feeding data into a computer. Labscape works as aNeady-to-hand

if it merges seamlessly into the suser



practice. In the case of computational devicess thi
only possible if the inner workings of the devices a
transparent to the user. They need to be visibsuah a
way that the user can easily observe the computdtio
device’s interpretation of their current state aise that  toward x-rays and other equipment and tools as #éney
information to inform their work. required. This constant shift in focus is in stadntrast

The Pucketiser operator's need for control was to the needs of a traditional desktop system, wiiege
satisfied as the coupling of information was atirthe user is required to maintain a continuous focusa fired
whim, not the machines. display.

Also, because of the way that work unfolds withie t

surgery the dentist and assistant have to congtantl
change their focus from the screen to the patiewt a
vice-versa. They also have to direct their attentio

—

2. The dental surgery

The dental surgery is a domain which exhibits & ric L
combination of both human interaction and tool use | %_
within a complex social context. Work is achievadtie 2
surgery through social interactions, toehanipulation,
and coordinated interactions with the desktop cdempu
system. Every patient that visits the surgery sged
an electronic record which stores personal details,
information about their past treatments, and dental
records. When operating on a patient it is necgdear
the dentist and assistant to access and updatestiusd
on many occasions throughout the procedure.

2.1. Traditional modes of interaction and
the dental surgery

Figure 1. The difficulties of working in a dental
surgery

In the dental surgery, the task of updating théepts ] ] N
record is far more intrusive to the work procesantiit Flnall_y, the task Of_ using a traditional computer
needs to be. Currently, the dentist must remové the System is further complicated by the constraint tha
gloves in order to enter details via a keyboard anddentist and assistant must remain cfeahen operating
mouse, or alternatively, dictate to an assistant ismot ~ On the patient. The dental surgeries we studied
wearing gloves and can update the patient recons T approached this problem in different ways. In one
input process causes a significant obstructiondikw surgery the dentist and assistant relied on a refffe

The dental surgery is an example of a domain wheremeans of interacting with the system. Instead efdhe-
traditional modes of interaction don't functiontie way ~ t0-one relationship between a single user and ysees
their design intended. By traditional, we refettte more ~ We observed a two-to-one relationship where bogh th
common one-to-one relationship between a userkgeid t ~ dentist and the assistant were responsible fosysgem
desktop computer system. Typically, to use a deskto input and both structured t_helr. behawogr accordimg
computer comfortably a user will sit at a desk wile  the output of the system. This distributed inpus waade
monitor directly in front of them at eye level smtthe ~ POSSible by the expert relationship that existetiveen
screen can be easily observed. The keyboard isajgne the pair. . _
situated on the desk and positioned between theansk The dentist and the assistant were observed
the monitor, with a mouse placed on a ~20cm2 mousemprovising and structuring their interaction withe
pad on either the left or right-hand side of thgbaard. system in response to the activity which was urfig/d

In the dental surgery it is far from practical to around them.
preserve this layout of keyboard, monitor, and realise
to the physical and work related constraints that a 2.2. Moving toward design
imposed by dental practice. Due to the relativehals
size of dental surgeries and the large amount of
equipment and tools that they contain, physicatspa
at a premium. There is limited room in which toaage
a computer system as is described above.

This section has described how work and interaction
with the system (the patient record) typically udfo

2 There is an important distinction between clagsif a tool (or a
person) as either clean or sterile. For a persdretoonsidered sterile
they are required to be wearing sterilised glovéaioed from
individual packets. Otherwise the gloves are carsid to be clean. A

1 The term tool is generally used in human-compumégraction
literature in reference to a physical artefact #natindividual can act
on or work with. It should be noted that in the @ésurgery, tools are
typically referred to as instruments.

tool is sterile once it has been processed in éockave and is sealed
in sterile packaging. Once the tool is removed ftbe packet it is no
longer considered sterile and becomes clean. Aecblhat is no

longer sterile or clean is considered to be dirty.



within the surgery. It is not efficient for the dish and

the assistant to use a computer system in thetitraali
manner because of the way that it constrains hay th
would naturally go about their work. Moving forward
with this understanding of the work context, the
remainder of the paper will explore how we can giesi
for the dental surgery and how we use a variety of
representational artefacts to stimulate ideas aattitate
understanding.

3. Exploring interaction

2003). They may béternal (in the mind) orexternal
(expressed in the world). They may Hkeansient
(utterances and gestures) durable (sketches and
models). They may beself-generated(produced in the
act of designing) oready-made(appropriated in order
to assist design). They may babstract (lists of
requirements, sketches) oiconcrete (engineering
drawings, scale models, working prototypesove all,
different representations afford different kinds of
interactions which in turn develop different kind$
understandings in the interpretant. For example, a
designer can rotate a shaft in its bearings in ysipal

Many techniques have been developed t0 asSistnachine in order to get a feel for the amount afyph

designers in understanding the needs and praatites

the bearings. However, if the designer wants tonktie

users. These include ethnographic methods, scenariogmension of the shaft she has to use a measuring

(Carroll 1994; Carroll 2000), cultural probes (Gave
Dunne et al. 1999), contextual interviews (Beyed an
Holtzblatt 1998) etc.. Such methods have greatly
enhanced understandings of user practices andeaksis
soliciting user perspectives. This paper revisitsne
techniques and offers some new ones.

Our main purpose here is to demonstrate that atyari
of different representations is useful in interactdesign
and that these can be fluidly generated to suitdsgn
guestions at hand. Indeed by relying upon estadlish
methods rather than developing methods to suit
exploration of the interactions that present thdvese
the possibilities of the design process to cagialbn
emerging understandings and reflection are noty full
exploited. Design progresses by moving from one
representation to another, the different repretients
evoking different  questions and furthering
understandings of the domain, the design requir&snen
and design solutions. Our aim is to illustrate how
different representations evoke different undeditays
and why multiple representations are necessarys iBhi
important in any design process, but particuladyfar
understanding and designing for multi-modal intécac
Multi-modal interaction can only be understood by
employing multiple multi-modal representations tbah
illustrate the variety of ways in which different
modalities work together.

3.1. What is a representation?

For our purposes a representation is:

An account, likeness or reproduction in some
manner, made to influence opinion, understanding or
action?

The meaning of a representation is not inherettiera
it is interpreted. The person interpreting the
representation (interpretant) may make different
interpretations depending up their prior knowledte
context of use etc.

There are many different kinds of representativvie.
can map them on to at least four dimensions (Boaret

3 This definition draws upon definitions in the Mam-Webster and
Oxford English Dictionaries.

instrument. In this case an engineering drawing levou
reveal this dimensional information more directly
(through visual inspection). So, in this paper oeuk on
the kinds of interaction experiences and insigffte@ed

by different representations.

Because representations are always experiencée in t
world, we focus upon how we experienced the
representations as much as what they were or what
information they contained.

We have used a variety of different representationa
artefacts to help us explore interaction. Here wi w
present six of these. For each we will explain the
representation, describe how it was used to infoun
understanding of the design space and the kind of
insights that the representation affords.

The representations used were:

- Contextual interviews
Surgery scale model
Interaction themes
Video mirror exercise
Idea cards
- Design prototypes

Some of the above representations (e.g. contextual
interviews) consist of a spontaneous sequence hifheu
transient representations (utterances and gestmds
manipulation of ready made props). These may tben f
the basis of durable representations such as fieles.
Much of the understanding represented in the fieltbs
is built through the transient interaction. “Intetian
themes” are durable representations that resulted &
method called the Video Card Game (Buur and
Soendergaard 2000). In the Video Card Game, people
synthesise understandings through observing disguss
and re-representing videotape data. The undersigsdi
were represented in “interaction themes”. Durable
representations are  effective at summarising
understandings so that they can be re-employeaatinefr
design activities.

3.1.1. Contextual Interviews

A number of informal interviews were carried out
with two different dentists as part of our fieldudies.



Interviews were carried out in the context of thental
surgery, however no patient was present. The iigen/

thought of it in this way before this constant 8hg of
foci was characteristic of his practice. This lbd tlentist

served two purposes. First and most importantly weto propose a design idea for an information appéan

learned about the dentist's perspective on intenact
problems in the dental surgery. Second, we devdlape

that would overcome this problem in one aspectisf h
practice. Dentists highlighted the importance of

basic understanding of dental work and the surgeryinteracting with the patient.

layout which served as preparation for the fieltd&ts.
The discussion mainly centred on the difficultieb o
integrating dental practice and dental record kegpi
The interviews confirmed that the problem of intirsg
with the patient record that had been identifiechdigh

After the initial interviews, we investigated seafer
alternatives for speech and gesture input. After
presenting these, the dentists found several preblEor
example, a headset system would not work for voice
recognition because of protective glasses and Ifacia

earlier video analysis was indeed perceived as anmasks. A ring that detected gesture would not ladbles

important problem by dentists. After further fiedtidies,
we interviewed the dentists again, and posed duresti
based on our new understandings.

Initial interviews

The initial interviews were videotaped. During thes
interviews, dentists described difficulties in iraeting
with the patient record. In particular, there idifficulty
in making use of a computer during their time wéth
patient in the surgery. In order to make patiemiore

keeping less cumbersome and more helpful to theusefulness of discussions with the dentist.

dentists practice, these difficulties must be owere.
Problems noted were the inability to use the kegthoa
and mouse, and a slow and unintuitive control $tinec
to the software. Entering information about a pchre
was seen as laborious but necessary.

because of cleanliness issues. An idea that we had
dismissed due to privacy concerns, that of usisgali
gesture recognition, was actually welcomed by drtbe
dentists. Various aspects of different prototysegsh as

a screen integrated with a mirror and an interactivay
display were also discussed and welcomed by the
dentists.

It was particularly interesting that as our
understanding of the domain increased, so did the
When

provided with more specific questions and a shared
understanding, we were able to obtain increasingly
detailed ideas and responses from the dentists.
Contextual interviews consist of a constant
exchanging of questions, answers, viewpoints, grésa

Other difficulties encountered by dentists were in gestures etc. in the context of use. The dentist ca

integrating digital artefacts into their work priaet For

demonstrate procedures using instruments and the

example, many dentists are keen to use digitally personal computer as props. The researcher isrpriese

produced x-rays instead of physical film. The reafy
this is a combination of lower radiation exposwethe
patient, low cost of each x-ray, and ease of agthiv

the context of use and can probe with questionstahe
surroundings. While this dynamic exchange is usiful
helping the researcher to understand procedur&cesp

However, the current working environment does not of the dentists job, interviews were most importéort

provide the dentist with a simple method to show th
digital x-ray to the patient. The dentists we idtewed
are currently using physical x-rays as a meangé#sily

understanding opinions, sensitivities, priorities and
motivations The interplay of questions and answers
between the researcher and the dentist led tharokss

showing x-rays to patients in the surgery, and thento understanding what the dentist saw as imporim.

scanning them for archival purposes.

dentist is also most likely to have sensed whamsee

When asked about possible methods of interaction,important to the researcher.

the dentists interviewed mooted voice recognitian a
their first choice. Better screens and a less shteuand
more mobile presence of the computer were higltdigiht
as useful.

Follow-up interviews

After completing further research, the dentists ever
interviewed again. During these interviews, we akyd
our methodology to date and the results of actisitThe

dentists then commented on these results and agdwer 3.1.2.

any questions we had.

For example, on seeing a still image of himself at

work and hearing a researcher-designers accounthina
dentist seemed to constantly have to shift his doali

attention, the dentist agreed that though he hatd no

When as researcher-designers we returned to the
surgery to perform follow-up interviews having abtd
a better understanding of dentistry through expbpri
multiple representations in a design event, our
conversations with dentists resulted in more sjecif
design ideas and understandings that had hithkriee
us.

Surgery scale model

After our second field study we built a foam-core
model of the entire dental surgery. It was conséaign
several steps.



commitment to generate the knowledge base for new
technology.

(Binder, Brandt et al. 1998)

A participatory design approach typically involves
collaborative activities which bring together usersd
designers creating a platform for design discussidhe
aim is to generate new ideas and examine design
possibilities. User-centred design activities hogrev
should not replace activities where only desigreses
present (Brandt and Grunnet 2000). It's importamt f
designers to have some time to work through thelprno
space independently of the users.

A design event was organised after conducting two
field studies in order to explore ways that ubiqug
computing technology might improve work practice in
the dental surgery. The day was not just focused on
exploring the interaction problem associated with
1. Immediately after the check-up we designed a UPdating the patient record, it was also about kipieg

rough cardboard floor plan of the workplace. &N understanding pf dental work practice. The ev&gxﬁ
We then verified this floor plan with the attended by designers from a number of different

dentist's assistant before returning to the office. @c@demic backgrounds.

2. Back at the office we used modelling materials The day was divided into a number of activities.
(foam-core,  polystyrene, cardboard) to Themes developed from a Video Card Game were

construct a small, scaled model. We payed introduced and used as sources of inspiration ahitig
particular attention to the dentist's surgery, the the participants’ own experiences of being in teatdl

equipment, and the surrounding rooms that we SUr9ery "
had the opportunity to visit. Model people were A small stage was the focus for most of the adtisit

also created that we could use to represent the/*S mentioned in (Ehn and Sjogren 1991) and cited in
dentist, assistant, patient and so on. (Brandt and Grunnet 2000), the use of props argkesta
3. On ou; next visii to the surgery we discussed " which the activities can be carried out areemtly

the model with the dentist. useful in developing a common language of engagemen

The main motivation for building the model was that Petween users and designers.
it would provide a physical reference to the suyger
which could be used to ground future design disonss
In this sense the model could be used as a platform In previous work we describe the development of
engaging other researchers who hadn't had thethemes of interaction using a technique calledvideo
opportunity to observe the workplace first hand eede  card game (Brereton, Bidwell et al. 2003). The wide
unaware of the spatial layout. The model also pidee  card game is a technique that can be applied teovid
be useful when analysing video data. interaction analysis. It provides an environmenat th

When relying on video to develop an understanding 0 promotes open discussion allowing the exploratién o
the workplace it was useful to be able to shifulorom  themes, patterns, and trends embedded within idén
the video to the model when working through theadat One of the primary benefits of this technique iatth
The ability to combine the richness of the digitaleo  affords individuals whom are not experts at video
footage with the tactile and spatial feedback tisat analysis and have limited training, the ability doaw
afforded by a physical model is useful in develgpm  meaningful themes from raw video footage allowing
more complete understanding of the work practice. video segments to be turned into tangible arguments

What we were not expecting from the modelling support design work. See (Buur and Soendergaar@)200
activity was that the process of building the masteled  for a detailed description of the video card gameess.
to highlight what we had focused on during thetyist For the design day we gave each of the participants
perhaps more to the point, what we had overlooked 0 what we called a ‘theme card’. This was a stripgedn
didn’t understand. In this sense it was a good@m@pry  version of an earlier theme format developed to

Figure 1. The model we created of the dental
surgery

3.2.1. Interaction theme cards

exercise for focusing future field studies. communicate the results of a video card game (Brere
_ Bidwell et al. 2003). A feature of the original the
3.2. Design Event format that we tried to preserve in the theme caals a

combination of abstract and more grounded elements.

Staging collaborative events can help foster design The shortened format consisted of a general sumofary

and learning in a way which propels innovation amd



the theme and a single description of an occurr@fce experiences and whether we could see the thenteein t
the theme from our video material. clip.

The decision of how much of the original theme to  The video mirror exercise extended the theme by
include was determined by the amount that we céiuld giving participants a physical understanding of the
on one side of an A5 sheet of card. We chose thés s theme. Usually we think of video as being a medihat
because we wanted the participants to be abledityea is perceived through the senses of vision and hegari
involve the themes in their design activities @aample, The video mirror exercise provides a way of
by placing them on the table while they worked). We experiencing a video using not only these sensealbo
tried to retain the other elements of our origitr@me our motoric abilities. Experiencing a video clip by
format by including them in the activities of thayd enacting it in addition to seeing and hearing ivésy

different to seeing and hearing it only.

By recasting our understanding in this way we
discovered several interesting things that hadecuared
to us up until then. First, we didn't anticipateahbard it
is to mimic the movements of the people on theestre
when they were interacting with each other, theald
and their environment and we didn’'t have thosegshito
interact with ourselves. On reflection we decidleal tin
future we would try to organise participants intoups,
provide props and arrange the environment in whgs t
were similar to the video clip.

Second, the discussion of the clips and how they
related to the theme was a good way of testing anet
other people saw the theme in the clip in the sesage
that we had. In some cases people couldn't reaéy s
how the clip related to the theme. This generated

Figure 3. A theme card questions, new perspectives and debate. We want the
themes to be seen as subjective and open to cpallen

The ‘implications for design’ section was omitted and reinterpretation rather than objective truth
from the theme card because of the fact that teméis statements.

were to be useth a design eventhen the themes are It is worth noting the difference between mirroring
being used as representations of understanding, theind re-enactment. Mirroring is an activity that esk
design implications section helps the reader tovees place at the same time as the activity being copied
the theme means in a practical sense. Howeverelte f \whereas re-enactment is done at a later pointnie.ti
that this would not be as useful in a design sgttin When we mirror a gesture we simply follow the
because it might over-direct or ‘blinker’ the peigants. movement with our own bodies. In subsequent design
A possibility we would like to explore further ibat discussions, with no movement to copy, we re-etfast
when themes are being used as a resource for désgn  movement. The act of mirroring gestures is paridyl
design outcomes can feed into and build the designdifficult because we do not know the communicative
implications section of the theme in the future.u3h jntent of the gesture producer. When we re-enact a
themes would not only the outcome of a Video Card gesture we have interpreted the communicative frgén
Game but could continue to evolve in other design the gesture producer and then proceed to re-ehect t
activities. They could become a sort of a memory or gesture coupled with our understanding of its
learning that grows through application of the communicative intent. Gestures do not arise out of

understanding. thought but rather the two are intrinsically linked
(McNeill 1992).
3.2.2.  Video mirror activity A valuable outcome of the video mirroring exercise

was that it helped us ‘talk’ about gestures usiagawn
gestural abilities. Gestures and movements aren't
something that we have a well defined way of takin
about. There are notations like Laban’s (Newlove3)9
and McNeill's (McNeill 1992) but they have a numloér
problems. First, they require that you learn thdimey
make implicit assumptions about things like
segmentation, take time to read and necessarily str
d away much of the information from the real world
gesture. When we re-enact gestures we are able to
represent and the gestures of the people we dé&sigm

The second activity of the day was one we called th
‘Video Mirror’. The purpose was to introduce theities
we had developed in our field studies into the day.

In the video mirror exercise, each person was asked
read out their theme card to the rest of the grédter
each theme was read the video clip that corresgbtale
the specific example was played. As the clip wayiph
participants tried to mimic the body movements lof t
people in the video clip. After we had seen an
mimicked the clip one or two times we discussed our



a way that is immediate, rich, real-time, and eiqrere-
able by others.

Another appealing aspect of the video mirroring
exercise was that it projected the theme into thesigal
space in which our design event was being heldh Bot

may act as a representation of understanding itbean
hard to unlock that understanding from a designe Th
idea cards allowed us to lay the different ideasoouthe
table at the design day debriefing and group, coenpa
and contrast them. One week after the design eamt

the literal sense that the example video clips wereresearch group met to discuss the results of thie Fea

projected onto the wall of the room where we would
design, but also in the sense that this was dotieattart

this discussion we took several of the resulthefavent:
the prototype models, the theme cards, and the idea

of the day and served as a warm-up exercise for ourcards. The idea cards turned out to be particulaséful
bodies. We rendered the theme with our bodies, thein this discussion because they allowed us to hey t

bodies with which we would subsequently design|doui
and demonstrate our models

3.2.3.

After the video mirroring exercise we held a
brainstorming exercise where participants wrote mow
their ideas on big sheets of paper. At the endhef t
exercise the participants each chose two or thdeasi
that they liked and wrote them down on idea cafde
idea cards were the same size and thickness disetime
cards, but a different colour and with portraitetthan
landscape format. As with the theme cards, the aizk
thickness of the cards was very important to our
subsequent use of them.

After everyone had written up their ideas we used t
idea cards in an activity called the ‘Ideas Markat the
market one can bid for an idea by mounting an asgum
about the idea that convinces the owner you arehyor
of taking it from them (we quickly realised thatias not
worth pushing this too far — often one does notvkno
why an idea is interesting and this was far todyetar
force people to abandon ambiguity). In this agfivhe
participants sat in a circle and each presenteid itthea
cards to the rest of the group. After each idea e@s

Idea cards

ideas out on the table and cluster and group toemrik
about what they told us. This was not really pdesiith

the prototypes because they were three dimensional,
generally much larger, and generally consisteccuésal
ideas that we would otherwise group separately.

A problem we found with our use of the idea cards
was that we tended to use them to create design
prototypes that were more combinations of the s#par
ideas we had collected than synthesised or insgiosd
them. It seemed that some of the fluidity and amibjg
of the original ideas was lost in the translationthe
cards. If we were to use them again, it would herla
the day and our focus would be on using them asya w
of documenting for later reflection than as a resedor
design.

3.2.4. Design prototypes

Having developed and discussed ideas at the ideas
market, physical prototypes were constructed sbwiea
could demonstrate design ideas through acting out
impromptu scenarios to ourselves and to the denitist
their surgeries. Much has been written about the
expressive qualities and affordances of physical
prototypes (Brereton and McGarry 2000). For our

presented it was thrown down into the centre of the purposes here, they were most important for thigyato

circle. When all of the idea cards had been presene
took turns to choose cards from the pile until they all
been redistributed.

Several aspects of the physical form were important

here. There was a similarity to playing cards imte of
proportion, colour, and size (the idea cards wdreua
four times larger than normal playing cards). Beeaof
this and the arrangement of the people the throwing
the cards into the middle seemed quite an obviloung t
to do. When the cards were in the middle they weren

stacked neatly but in a pile where cards lower down

stuck out from those above and could still be sééso,

represent an idea concretely, quickly and in aikd@g
form to the dentist back at the surgery who wadlento
attend the design day.

Following the design event we took some of the
prototypes that we had created back to the deimtist
order to get an opinion on the concepts that weliesmh
developing. A time was arranged after businessshear
that we could make use of the dental surgery and
demonstrate the prototypes in the context in witiay
would be used.

First of all we presented some of the video camea
themes and described the role they had played in ou

the cards were small enough to shuffle through anddesign process up to and during the design everd.dd

compare without having a desk.

The idea cards are a good example of a represamtati
that tied together different activities in the dgsiday.
They were written up at the end of the brainstogmin
exercise, then used in the ideas market actiiigm tin
the design activity, and after the design day waes n
the debrief session.

the themes we had developed, ‘Different foci of
attention’, was of particular interest to the dsmtit was
based on the observation that the dentist was aihst
required to shift their attention from the pati¢atthe
patient record and Vvice-versa while preforming a
procedure. After we introduced this, the dentistkpd

up one of the polystyrene instruments which hadnbee

The idea cards were useful for us as a tool for placed on our sensing table prototype (this prp@tyas

capturing the results of the design day. While glesi

based on the idea that there is a link betweennibat



that the system requires and the tools that wenegbe in future design activities. Durable representatiquut
used by the dentist at any particular time). Hagmeed knowledge into a form so that it can be expressetl a
it was a mirror, an instrument which is commonlgdisn probed in future interactions.
dental practice when conducting examinations. He  Throughout the paper we have attempted to illustrat
described how it would be useful to have a specialin detail how specific affordances of different
surface on the end of the mirror instrument whiobld representations supported and evoked differentskofd
switch between its normal reflective image and aimi understanding that then carried through into offeats
information display so that he wouldn’'t have to fxee of the design process. What is most important sigte
shifting focus. As he explained the idea he expuldie is the use of a variety of representations to ewissgn
prototype with both hands and also gestured with th understandings from multiple perspectives.
instrument as if he were working in a patient’s thou It isn’'t necessarily the case that one represemtas
better suited to expressing our understanding ef th
dental surgery than another. Each representasiot i
viewed as an all-encapsulating entity but ratheraas
building block for developing a much larger
understanding. The way in which the representation
intertwine reveal interesting aspects of the desigace
and new possibilities.

The way we have used representational artefacts to
facilitate our understanding of dental practice etk
traditional design methods a step further by graund
the activities in an explicit understanding, ortémee of
the work.

By relying on exploratory exercises such as scesari
or cultural probes, a useful understanding candieegl
of the design space but the technique will, to rgda
extent, dictate the type of information that isealed.

Figure 4. Sensing table prototype For example scenarios, through role-playing and
interaction, will help aid in forming a snapshotwbrk
This is a good example of how the themes which hadpractice which is useful for exploring the flow wbrk
inspired the creation of the prototypes in the glesivent and individual behaviours. What an exercise like t
were now working with the prototypes which wererigei ~ video mirror adds to this is a more specific foars
appropriated by the dentist, bringing them intodksign  particular types of actions and interactions. Mafsour
process. It's interesting that the theme alone mtid  representations are ways of expressing our early
provoke this type of participatory involvement fralve  understandings of dental practice, so they statth ai
user nor did the prototype that we had presentditea  focus on the interactions and then the technique is
but rather the combination of the representatiomgeg developed around exploring the types of interastion
rise to a new design idea which leveraged offweand  Wwhich are present. This grounding of the represnmts
was grounded by the dentist’s practical expertisd a affords a deeper understanding of the practice.
experience in the surgery. This characterises how In the end the focus of design work is not to @eat
multiple representations can come together to tevam  representations but to create understandings éhaat to
avenues for design and facilitate understandingldo ~ good designs. However, the ability to reflect on
marks our early efforts to bring users into theigles understanding and design is largely dependent en th

process. quality and quantity of the representational adisfahat
are available. Different representations evokeedifit
4. Closing remarks understandings and these understandings and

representations carry forward into the design cycle

This paper has presented several different kinds ofSomething that you build carries meaning for yod an
design representations that we used to help usnbegithen you throw it away. To use Lanzara’s metapiou,
designing better interaction technologies to assiti create small hills in the landscape and then youctienb
the process of patient record keeping in a dentalesy. them and see more land.

Both transient and durable representations have bee
used to develop design understandings. Transients Acknowledgements
representations such as contextual interviews éaeov
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developed though interactions and represent themsfo ~ grateful to the dentists who participated in owdgtand
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