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Abstract

This paper describes a series of design gamesifisiadlg aimed at exploring shifts in human agemgyrder to
inform the design of context-aware applicationshe Tgames focused on understanding information lagnd|
issues in dental practice with participants fronumiversity dental school playing an active roletlie activities.
Participatory design activities help participants teveal potential implicit technical resources thaan be
presented explicitly in technologies in order tsiashumans in managing their interactions with amdidst
technical systems gracefully.
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INTRODUCTION

An important step towards designing effective crngavare systems is developing an understandingoof

humans manage agency. Suchman describes agetioy &smapacity for action” (2003). For a human &

information system) to have agency they must hhgeability to make decisions and act on them irag which

they perceive to be appropriate. When humans auatedtheir actions with each other they are ablexpertly

negotiate and manage shifts in agency and resplitysitd/e are highly skilled at being able to resubtle social
cues and react appropriately. Context-aware systdould support the same level of skilled reathiag) enables
a capacity to act.

The primary goal of technology which reacts toute context is to free people of the burden of igid
constantly focus on the information systems theywesing so that instead they can concentrate owdhle tasks
or social activities that they are involved in. éclhnologically optimistic view is that context siing interfaces
can support “seamless” interaction by incorporatkmpwledge of the user’'s context into the designthaf
application or by encoding the application with im&gisms for detecting context. However, throughglocess
of predicting, then reacting to detected contefdrimation, the system often makes decisions omseg's behalf,
reducing the amount of control that they have dleir situation. The responsibility for determigiwhat actions
are, or are not appropriate is shifted to the systéich is not always effective. In so doing contaware systems
may hide information from the user reducing theipa&city to read and act.

Context aware technologies have been deployed ssfolly at the technical end of systems, for exanipl

mobile phone cell switching, where ones phone aatwailly shifts between cells as one moves fromlonation

to another, without any active intervention on fizet of the user. However even in this case, sogeestenable
an option to display the active cell on their phepethat in certain cases they can make use Gbitexample,

seeking a stronger signal by moving to a physioaation that forces handover to a cell that is kmdw be

spatially closer” (MacColl et al., 2002). Thus MantiCet al. (2002) after Weiser (1995), advocate dbsign of
“seamful” systems.

This paper describes the use of participatory desigthods to investigate the issues of agency anttat in the
design of systems from a participant centred petspe
Related Work

There are many different interpretations of whattest is, and what it means for technology to bentext-
aware”, evident in current computer science (irtipaliar, pervasive/ubiquitous computing) literatu® common
approach to designing with context is to work watlsollection of information which is derived frorarsors that



have been distributed throughout a particularregttiThis approach lends itself to a fairly impasked view of
what context is, reducing it to a property of d@isgtwhich is typically characterised by the looati identity, and
preferences of people and objects. This negleetsndny social aspects of context which have a gtirdffuence
on the way that work actually unfolds in a partaruetting.

In putting forward that “context isn’t somethingatiiescribes a settingt's something that peopléo’, Dourish

highlights the emergent nature of context (200Zhis view is also shared by Greenberg (2001) wiszees
context as a dynamic construct which should bewei over a period of time, episodes of use, sadiataction,

internal goals and local influences”. Suchmanhieirtemphasizes the rich social aspects of contdkii way she
describes the “embodied competencies involved tielligence and interaction as these are enactduuimans”
(2003).

These perspectives on context suggest that asnéesigre should not try to predict context but iadtshould
make context information visible and provide simpigys for users to act on it (Bellotti et al., 2D01n order to
design with this view of context we need to stariubnderstanding exactly what it is that peogdeand how they
manage the context in which they work. Brown arahdRll present a particularly interesting example o
designing with context when they describe the issetated to the design of a context sensitivgptelae (2002).
In their example they observed the company officeker using information available to them in thenfioof a
Caller ID system to determine the importance oinaoeming call. The office worker was able to makeéecision
on whether or not to answer the call based on nmition which was available at-a-glance. By beibtg do
assess the situation with very minimal interruptiorthe task at hand they are able to concentnaie ¢fforts on
what they perceive as most important, whetherithahswering the call or continuing with what treg doing.
Rather than a system trying to predict their nettés; are instead provided with a resource whiely tan use to
make their own decision. They manage their owrieodn

In citing the Locales Framework in a discussionfraimeworks for representing actions, Greenberg 1200
describes how interaction trajectories “highlighatt context changes and evolves over time and hat of
people’s ability is to recognise and manage thangb.” In line with this dynamic view of contexeBtti and
Edwards suggest that “systems cannot just do tHaged on context awareness” but instead shoulalVia
users in action outcomes if they are to be accéptabhe user needs to coordinate the system betaw fit
with the work that is unfolding around it. Onetbé four principles that they outline to suppoittis “Provide
control (and defer) to the user, over system and otherai®ns that impact on him or her, especiallgases of
conflict of interest.” Chalmers and Galani (2004pgest that a narrow design focus on one tool adiume as
primary may clash with the way that everyday attivhvolves the interweaving and combination of gan
heterogeneous media. “People accommodate and dalemtage of seams and heterogeneity, in and thrthegh
process of interaction. “ The challenge then, igetermine what resources should be provided (dndhwexist
naturally and should be preserved) in order tovaklouser to manage and control change gracefullyirwa
heterogenous mix of devices and media. This rekdauidids on the notion of exposing seams and thiemof
resources such as Brown’s Caller ID, by experinmgntvith participatory design methods that mightphts
reveal such seams and resources from a particippatspective.

Recent research suggests that design games (Ivatrsén2002; Pederson et al., 2000) are a usathhique for
co-developing a design language which is shareddsst users and designers. The language is usefbbth
grounding and expressing design understandingse gbial for our design activities was to create aroon
design language with participating dentists thatldichelp us to reveal and explore situated resaculike the
Caller ID system. The use of a technical prototyas particularly important here because of theeggpce that
is shared through its use. The prototype can begthitoof as an experience prototype (Buchenau e2@00). It
is used within the design activities as a way aflarstanding both the existing and also possibleréutvork
settings, with a particular emphasis on the expedeobtained through its use. With a focus on agperience
this form of prototyping mixes well with interacti\game-based design activities.

In order to understand how we might design artefaghich can be easily appropriated and which merge
gracefully with existing work practices we have lexpd how people coordinate shifts in agency. Tgaper
looks explicitly at what peopldo, how they negotiate agency, and how they manageamtrol change.

Outline

The remainder of this paper describes the procedsresults obtained from a series of design games a
discussions held at both a dental school and gmléasd. The next section introduces dental pracind the rich
physical and social nature of the work context.isTif followed by a description of two design dissions as
well as the design ganhat can an agent do for me®hich was used to explore the concept of ageritty w
participants from the dental school. Finally, fetulirections and implications for the design ofitext-aware
systems are discussed.



DENTAL PRACTICE

The dental surgery is a particularly interestingndn for exploring issues related to context-anwamputing
because of the rich nature of the context in whith work occurs. In many dental surgeries the isientll
operate on the patient while an assistant pro\sdpport during the procedure. The expert relatignthat exists
between the pair influences the social interactioa the way the work unfolds. The surgery containsmber of
instruments ranging from precise and delicate pphberrors, automatic drills, and scaling instrutseto larger
and more robust suction instruments. In additiotineé coordination of tasks managed by the desmtidtassistant,
and the use of a variety of instruments there isrgoing task of managing the patient record (wliscktored
electronically on a desktop computer in most modiemtal surgeries).

Traditional modes of interaction (keyboard/mousterfiaces) are problematic when operating underciitie

control conditions in a dental surgery. Workingtba patient and updating the patient record asémee time is
often necessary (when charting the mouth for examblen there is too much information to be memdrised

recorded later, or when performing a root canahtinent when it is crucial that precise measuremargs
obtained and accurately recorded) but becomesfiautliftask because of the requirement that thetisteand

assistant maintain clean operating conditions latimes when working on the patient. This meang tban’t

touch a keyboard or mouse with gloved hands.

The implications of this are that the dentist fastop working in the patient’'s mouth, lean bacét emove their
gloves, grab the keyboard and/or mouse and finamoropriate surface upon which to operate them,thpeit
keyboard/mouse away once the necessary details Ieee recorded, then put on a clean pair of gloves.
Consequently this procedure causes a significastradtion to the natural flow of work, and it ipeated for
every new set of details that need to be addeldetpatient’s record. An alternative to this isweve the assistant
remove their gloves and use the keyboard and metide the dentist dictates the information whichtasbe
entered into the record (Figure 1). While thissfehe dentist of the burden of driving the integfahe assistant

is no longer able to assist the dentist with trecedure until they are able to put clean gloveagain.

The assistant talks aloud as he  The assistant touch-types as Updates to the patient record
examines the x-ray the dentist dictates are displayed on the screen

Figure 1: Updating the patient record.

There is considerable potential for improving thaysvin which the dentist and assistant can intesétt the
patient record if the information system can beigiexi to take advantage of the context in whichvtioek
occurs. This raises many issues surrounding theeqt of agency.

The dentist or assistant should have agency wrenrtbed it, but whedo they need it? What it means to have
agency will vary at different points in a dentabpedure. It is important that they can take cdrattdimes in the
procedure where they have to make an alteratiothéopatient record. In terms of interacting witie t
information system in the surgery, having agencamsehat the dentist is able to give a commandgttaie the
record with procedure-related information. Thipd@ssible if the patient record is displaying tloerect form or
chart in which to enter that information. For @ssistant, having agency means being able to ifitemation
into the patient record. For this to be possib&ytneed to know what the information is, have ss¢e an input
device for entering the information, and also havepportunity to enter it.

During the coordinated task of updating the redbite are many shifts in agency between the deani$tthe
assistant. These shifts are negotiated as the wofélds and are made possible because of the texper
relationship that exists between the pair. Thisvisient for example, in situations where the dgiigifocused on
an x-ray and facing away from the assistant; thélyrely on the sound of key strokes (or the abseat key



strokes) as a cue for triggering the next partefdictation. When the dentist dictates to arstad, it is often
noticeable that they will pause at regular intesvaitil they hear the assistant has finished typimghe keyboard
before they continue.

The assistant on the other hand, reacts to the mws and speech of the dentist. They will ofteakena

decision on what form to load based on the actidrtbe dentist, and also an understanding of wtterg are up
to in the procedure. If the dentist is preparingamaesthetic the assistant may bring up the patisredical

history on the screen so that the dentist canfsbere are likely to be any side affects or conatibns before he
gives the injection.

The auditory and interactional cues in these exasphich trigger shifts in agency are fairly sthaigprward.

There are undoubtedly many more subtle resoureggléntists and assistants rely on when decidimgtbact.

In determining what resources a computer systemldhgrovide to its users it is first useful to exaenthe
resources that both the dentist and assistant dpaw when working together to update the patiecnge We
can learn many lessons from analysing how the steatid assistant negotiate agency. This will pre\at
insight into how the dentist or the assistant cqdtentially interact with the information systema way which
allows them to maintain an appropriate level ofremye To gain a deeper understanding of the workesanwith

a particular focus on the negotiation of agencse@es of design games and discussions were oegbaig] run
at a university dental school and a design lab.

WHAT CAN AN AGENT DO FOR ME?

There were two different activities in which we hémé opportunity to engage participants in explgprissues
related to context detection and the negotiatioagehcy — design discussions, and a design garhe.ddsign
discussions were focused on methods of interagtittya computer system that would allow users tintam an
appropriate level of agency. The design game wite glifferent in that it was structured as a shsaties of
hands-on design activities.

The first discussion was with a senior lecturemfrthe dental school and the second with the CE@ fao
software company which develops applications fantalesurgeries. Both the discussions and the degigne
were preceded by an introduction to the concetgeicy in the form of a prototype demonstrationpatext-
aware bracket table- the Sensing Table.

Introducing the Concept of Agency

It is more effective to introduce users to a condi&p agency in the form of a prototype demonsratvhere the
impact of technical possibilities on a work settican be demonstrated and experienced rather thémg gin
abstract description which is likely to be morefidiflt to interpret. As designers we are skilledofiserving
workplace settings, recognising the potential fomprioving the ways in which people interact with ithe
information systems, and presenting these improwésria the form of design ideas. Domain expertshenother
hand are the best critics of such ideas becausieefintimate familiarity with the use context. & Iprototype
described here has evolved through a collaborakdsign process involving dentists from private pcas with
ownership of the concept being jointly attributedbth users and designers.

The concept behind the Sensing Table prototypkathere is a link between the instrument thatdiwetist is

using at any given point in a procedure and therinétion that they need to be looking at in théguatrecord

(for example, a chart, a graphical representatfathe patient's mouth, or an x-ray). The purpok¢he table is

to select the area of the patient record that spoeds to the use of particular instruments agtimstruments are
selected from the table. Thus the dentist navig#ite patient record through instrument selectather than

through making explicit menu navigation commands.

A typical scenario might be that the dentist hast geated the patient in the dental chair at the sf the
procedure. To begin with they need to perform iglgexamination of the patient’s mouth; the miriastrument
is always used to do this. The dentist would pipkthe mirror off the bracket table and at the séime the
information system would load the most recent chhthe patient’s teeth. The dentist could theeréd the chart
while performing the examination.

The prototype was demonstrated by selecting theomand sickle probe instruments off the Sensinglda
causing a chart of the patient’s teeth to load arearby computer screen. When the instruments pigrback
down on the table, the chart closed (Figure 2).

! The “bracket table” is a small moveable benchegalty positioned beside the dental chair (wheesgthtient
sits), which the dentist uses to lay out and amdngtruments that they plan to use during theguoce.



During periodontal procedures in particular, bsbalvhen conducting examinations, doing a fillingd giving an
anesthetic, these one-to-one mappings exist bettheeimstruments and the information, and can bevdrupon
to make the dentist’'s work easier. By trying todice what a dentist wants based on context infoonathat is
detected (i.e. a particular instrument has beekegiaip), the dentist’s ability to control the siioa is restricted
as the responsibility for loading the chart/forméy- is shifted to the information system. Evenutito on many
occasions this may save the dentist from someiadditwork (loading up the right form etc.), thésdikely to be
a situation where the dentist would like to haverermontrol over what information is displayed.
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Figure 2: Demonstration of the Sensing Table.

In this instance the prototype is used as a desitgriact which provokes a discussion about theesselated to
agency, rather than as a firm technical solutiothéointeraction problems faced in the dental syrge

Design Discussions

The design discussions presented two interestingppetives on how agency could be managed in thealde
surgery. The discussions were held with profesdsofrom both academic and commercial backgrouadd,
were motivated by a need to explore possible agiptios and limitations of context-sensitive tecloggl in a
clinical setting. They represented the beginnihg design dialogue aimed at understanding shifegency, and
acted as an important focusing exercise leadinig tipe design games which were run as a separakshap.

Senior Lecturer

The first conversation was held in a workspacénhatdental school with a senior lecturer. The desthool is
comprised of many clinics. Each of these are laogen-style rooms, generally divided into appradaty 20
separate workspaces. Prior to the discussiorSémsing Table was set up in an available workspaoeder to
accurately represent the way it would actually beduin practice. The table component of the pypwotas
placed on top of the existing bracket table while tiental software was run on a laptop which waseal on a
bench in the workspace adjacent to the main dehtat.

After giving a demonstration to the lecturer, sla& lan opportunity to explore how the prototype weotkShe
expressed the view that although there were caBen Wwwould be effective, it might not always lssg to make
a one-to-one mapping between the instrument anohtbemation the dentist requires when using insieats like
the mirror which are required in nearly every pahae (and many times during a given procedure)is Tdised
questions like What screen should it bring up ahén® and What if the screen is still needed oneéngtrument
is put down? and What if a screen pops up at ariect or inappropriate time?

She suggested that perhaps a more effective waydentist to manage the information system whichld/give
them more control, could be to add new buttonsidleethe existing ones for adjusting the dental GHigint, etc.)
to the bracket table which correspond to the chamtsx-rays that they typically use. This is ieting because
the solution is in the form of a simple resourceb(dton on the bracket table) which fits with atenaction
paradigm that dentists are already accustomed b information system could then be controlled arahaged
as it is needed.

The idea of adding another button to the bracKkadetalso highlights a tension between making sotaihges to
the work context which support existing patterndndéraction and on the other hand exploring hoshiécal
possibilities like context-awareness could perhfzgse a more significant impact on the way that wer&arried
out in the surgery.



Software Company CEO

The second conversation was held in a design lah the CEO of a software company which develops
applications for dental surgeries. He described tifferent screens in their application correspomdlifferent
“work contexts” between which the dentist often d®&éo switch when they are performing a procedubes.
current ways of switching between these sectiorthefipplication are very focus intensive, he waarested in
how the software could be more reactive to theisigntontext.

He also raised a concern that the dentist doesmétya want the patient to view information (suchtrmatment
cost) that is associated with their record on tmpmuter system. This may pose a problem wheruimg&nts are
mapped to particular forms or charts and when pialtinstruments could load more than one chart.e Th
information might not always be displayed at thestrappropriate time. It would be very difficultrfa system to
determine the points in a procedure where it is@muate to display certain kinds of informatiofhe decision is
better left to the judgment of the dentist; theguiee a way to manage their own context rather tharing it
predicted for them.

Following on from this line of thinking, the CEO gigested that rather than seeing the multiple ute®me

instruments as a hurdle for context-aware computtrgpuld be an opportunity to rethink the roleimétruments
in the dental surgery. Could an instrument begihes] with its mapping to the information systenmimd? The

dentist could then select their charting mirrorttrair x-ray mirror depending on the informatioattthey needed.
As in the first discussion, with this solution tHentist is provided with a way to control theirugition — they
maintain an appropriate level of agency. Whiledbecept of having multiple instances of each umgnt means
there would be a lot more equipment in the dentedexy, the idea is interesting because agairfké@stadvantage
of an interaction paradigm that the dentist isadgeaccustomed to.

Each of the discussions presented a very usefutidifedent perspective on how to maintain humamagevhen
interacting with an electronic patient record ie ttental surgery. Some of the points and questaised in the
discussions were later echoed by the dental stad#uring the design game. Common topics of disonss
surrounded the questions “Can the dentist haveraohy saying on or off?”, “Do you have to pick w@m
instrument to get a certain screen?”, and “If yan'tdreplace an instrument will the next one yockpup
overwrite the screen?”

There were two central design challenges that ezderd he first challenge being that the dentisdeese means
of specifying a need for agency at specific pointsme. They also need a way to hand over agehog.second
was that you need to understand how your actiohdwiinterpreted by the system. The design gévhat can

an agent do for me@escribed in the next section, highlights how \egehfurther explored these issues through
game-based design activities.

Agency Game

Game-based activities are particularly useful design method because they provide a means oflisktag a
common design language (Pederson et al., 2000)hvdath domain experts and researcher/designerslirean
upon and use to ground their understandings. &he&egnetaphor is useful for framing a design agtivdcause
of the structure that is implied by the term “gameThere are several qualities of a “game” whicidgthow
people approach and explore a design challengeicdlly a game based activity requires a game haaset of
rules or constraints, an element of competitionawperation, turn taking, a role for each of theypls, and a set
of props that can be used to progress throughdtidtp. Games are also recognised as being eeeatitivities
that fall outside the scope of normal work practideoles and props enable people to engage phaynd they
scaffold interaction; the presence of props in @ emntext serves to readily suggest actions tosus@rhen put
into game roles, the traditional power relationgy@nager-junior staff or lecturer-student are reedofrom the
forefront of interaction (although they always ¢x@dsmewhat) and people tend to contribute theisppestives
more freely. Comments are often playful and refthetcontext of the game. It is these qualitiegwiistinguish
games from other design activities.

The agency game possesses many of these promartiesdapts some of them to take advantage oftilntien
in which the game is played. Traditionally, a gaboard is used to provide a context for the agtigind the
games pieces have a particular meaning and affoedaithin this context. In related research (Pedleret al.,
2000), game boards and props have been used dsti#ga for a real world use context and contgectfic
artefacts. For the purposes of our study we fefhportant to situate the game in a real dentejesy. Through
the process of doing this the clinical setting Whsurrounds the participants becomes the game tevatdhe
dental instruments and other equipment in the syitgecome props for the game. This shift is imgorbecause
the negotiation of agency is a situated activityolwhis best understood in its typical work settinghe agency
game is structured around exploring how the plagerperate rather than compete. It is the turingak the
game, which is implicit in cooperative activitighat allows us to explore the corresponding shiftluman
agency and how they are managed.



The aim of this design game was to involve the padicipants from the dental school in an exeraibzh would
allow everyone to develop a deeper understandingoef humans negotiate agency. There were two main
research questions which helped to focus the game:

(i) How do we strike the right balance betweenmgva dentist control of their situation and weighthem
down with unnecessary controls?

(i) How much agency is enough?
Preparing for the Game — Setting the Scene

The prototype demonstration was an important agtleading up to the game in the sense that ibéisted the
foundation for a design language which the game Hedped to develop. It was important for the pegs of the
game that we run it at the dental school so thatawdd operate in the context of a real dentaleyr¢Buur et al.,
2002). The clinical setting of the dental schomvided an excellent workspace and backdrop forgdume.
Working in this context was beneficial becauseelpkd us to develop a sense of the “movements paiiak
relationships” that are permitted by the surgeypld (Pederson et al., 2003).

Playing the Game

To begin with, the participants were given an Adcgi of paper describing the game and an opporttoitgad
through the instructions. First of all they hacctamplete some individual tasks. These involvedkihion about an
aspect of dentistry that they would like to haveomated (controlled by a computer agent), then thga
picture of this task or action on a piece of A3graphich was provided. They were encouraged ta¢hessketch
to show what they would have their agent do andrite a brief description beside it.

Following this, they used a Polaroid camera to tpltures of the objects from their workspace whiatre
represented in the drawing. The photos were stntk the sheet of paper with the drawings. Thetsbepaper
became a poster-like representation which they tsddscribe their agents (Figure 3).

Figure 3: Game description and agency poster dpedlby the students.

They took turns describing the sketches to eacbrpfifacing a particular emphasis on the role ttaiagent had
in the sketch. As a pair, they had to then acttloaitrole of the dentist and agent in their workgpa®©ne person
played the role of the dentist, and the other miape role of the agent which was helping them.

Throughout the game the students developed twotagélrhe first one was responsible for moving thecket
table and light towards the dentist when they néatdand away from them when they didn’t need iggre 4).

On many occasions, the light and bracket tabléngte way of people moving about in the surgeny @nwould

be useful if they did not need to be physicallyusthd on a regular basis. In the scenario thasthdents
sketched and then role-played it was the agengjsomsibility to adjust the bracket table and ligapending on
whether the dental chair was reclining (they shdaddmoved closer to the dentist) or sitting upythkould be
moved away from the dentist).



“While the chair is moving back to its set levelethracket table and light could move forwards with

Figure 4: Context-aware bracket table and light.

The second agent was responsible for turning ortape for the dentist when they needed to wash Haids
(Figure 5). To maintain clean conditions the démtften has to wash their hands without touching fzart of the
taps or sink with their hands. This requires awkivaovements such as the dentist using their gtifaw to turn
the tap on, and then their left elbow to dispermsaessoap. The role of the agent here was to turthe taps at
the correct temperature without requiring an adjestt from the dentist, and for an appropriate arhofitime.

The dentist waves her right hand over the
tap with her palm facing down then places
her hands under the tap.

Dentist: Are you just putting your hands
under?

The agent turns on the water.
Agent: two, three ...

The dentist shakes her hands to flick off the
water then squirts some soap from the
dispenser into her right hand and places
them back under the tap.

Dentist: and every time you put your
hands under does it stay on?

Agent: seven, eight, nine, ten ...

The dentist shakes her hands again to flick
off the water.

The agent turns off the tap.
Agent: say it had like a timer.

Figure 5: Context-aware tap.

It was interesting to see how the agents were dedighad their role articulated, and then actedhwoughout the
game. During the game, the process of negotiagmncy occurred in two places. First of all whesdng the
sketch the students would articulate the role efafgent and also how the dentist would interadt it This was
taken a step further when the students role-plélyedcenario and incorporated the agent into angaekercise.
When acting, the dentist would often ask questminthe agent in order understand how they wouldlbe to
achieve their task (Figure 5).

The short transcript describes the dentist’s atteémglarify that if she places her hands undert#pethe water
will come on. The agent answers in this case Ioying on the tap. It was interesting to note thatmany
occasions the agent would respond to a questiom avit action. They would provide an indicator (sash
counting to ten out loud, or turning a tap on dy which would allow the dentist to make senseheiit actions.



Through acting out the scenario, the participargsevput in a position where they needed to artieutze role of
the agent in order for the scenario to proceedenBkough it hadn’t been previously discussedatiter playing

the role of the agent (the automatic tap) was @blome up with a means that would allow their agerknow

when to turn the tap off — a timer. She made thisrmation available to the dentist in the scen@rjoquietly

counting to 10. In doing this she explicitly adiated the internal mechanisms used by the mactatiger than
hiding them. In this example it wasn’t so mucé tase that the dentist was dictating how they edhtiteir agent
to react but rather the agent providing a resowmteh would allow the dentist to interpret its acts.

DISCUSSION

Designing effective context-aware applicationsiffiadilt. If they are ever to merge gracefully ibur existing
work and social practices they must do so in waigkvbnsures that human agency is preserved.

The design discussions were valuable because tlesgmted two very different perspectives on howneagean
be managed. They challenge us to consider thetigne$Vhat is equivalent to the Caller ID in thentsd

surgery? Could it be a button which the dentist mass when they need to, an instrument which easekected
based on its capabilities both as an instrumentaantbde of interaction, or perhaps a different wes® that is
available to the dentist?

In the dental surgery there are numerous resouhatsthe dentist draws on and uses to completeedroes;
there isn’t one in particular that is the focusatiEntion all the time. As a consequence it isljikhat the dental
surgery will require a number of simple techniedaurces that the dentist can access as the wimikisim order
to improve the way in which they interact with thatient record. In exploring the design of sucdoteces for
the dental surgery the combination of interactiesigh games and design discussions have providesfal

insight into how people negotiate agency and hay tmagine the role of technology in a future wooktext.

The prototype was important because it also reptedeour ideas of what context-aware technologyhiig like

in a dental surgery in the future. It allowed askperiment with technical ideas while at the séime having

the exploration and discussion grounded in a reakwontext. It was useful not as a firm technsalution but
rather as a design artefact which was capable @fofiing a stimulating discussion about agency amutext-
awareness. The prototype demonstration and discusseated a design language which the games then
developed, helping us to critically examine an#l tddout agency.

What was interesting about the game was that tigetision of agency occurred both in the processotd
playing the sketched scenario and also in the ggoédrawing it. The poster was important becdlgevisual
thinking task encouraged the participants to thdntically and to represent the important featunéshe agent
through their sketch. The scenarios on the othedhallowed them to develop a physical understandf the
role of the agent which made it easier to arti@ulag®n reflection, the task of coming up with agemas possibly
difficult for the participants and may have berefifrom more scaffolding. We could have begurefample by
brainstorming problems that they faced in the desitegery, or by asking when another hand or eléip to
remember details would be useful. Another altéveaimight have been to devise a game that offesddh e
memory or hands as resources for trade. If peoatdi®ns are well scaffolded so that they are ablgenerate a
number of alternatives that they can choose frbem they are more likely to feel a sense of accismplent and
ownership.

When involving users in the design process the tension between designing in small steps whashlts in
making incremental changes to the current conted, on the other hand, exploring how ubiquitous matmg
technology could have a more significant impactr@work practice. By introducing issues relatedhauitous
computing, the dentist is faced with a paradignit shithe way that they view the use of technologythe
surgery.

This tension was particularly evident in the twecemtgexamples that emerged from the design gamee Th
examples were simple and related to physical aspédhe setting which could be re-designed. Thiwrecisely
the reason why the use of a prototype like the iBgnBable is important when introducing significasifts in
technology. It introduces a technical possibilike context detection and presents it in a waychhis easily
related to dental practice. This allows a rich déston and exploration of the technical issues ratoczontext
detection and agency in a dental surgery settifgture work will include introducing more specitiechnical
prototypes (such as using RFID tags to track theement of instruments around the surgery duringoagulure)

to participants with the aim of developing a deepederstanding of agency and how dentists migherpatily
manage their own context.

CONCLUSION

This paper described how game-based activitiecantextual demonstrations of prototypes were usexkplore
issues of machine and human agency in a dentagisurghis research builds on the notion of exposiegms and



hidden machine resources as a design strategynjoowering users to manage their own heterogenaterag of
devices. We experimented with participatory desigthods that might help to reveal such seams esulirces
from a participant’s perspective.

The participatory exploration of a prototype getenlaan idea that both maintained human control alogved
automatic loading of the patient record, through prarticipant reconceptualising the role of insteats. The
agency game revealed that when a student actedhastdne and provided an explicit account of héioas, the
student acting as the dentist could make use ofswrthis information that was provided, knowingentto begin
rinsing her hands because she had a sense of ivbigéapt was going to turn off. Thus the processctihg out
agents revealed useful resources that might otheriaave been kept hidden in a design. The usesafrdgames
and the participatory exploration of prototypesuse contexts thus seems to have considerable @btéort
revealing the subtle contextual cues and resotinegpeople use to manage the way they accompiehwork.
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