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Abstract  

This paper describes a series of design games, specifically aimed at exploring shifts in human agency in order to 
inform the design of context-aware applications.  The games focused on understanding information handling 
issues in dental practice with participants from a university dental school playing an active role in the activities.  
Participatory design activities help participants to reveal potential implicit technical resources that can be 
presented explicitly in technologies in order to assist humans in managing their interactions with and amidst 
technical systems gracefully. 
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INTRODUCTION  

An important step towards designing effective context-aware systems is developing an understanding of how 
humans manage agency.  Suchman describes agency as the “capacity for action” (2003).  For a human (or an 
information system) to have agency they must have the ability to make decisions and act on them in a way which 
they perceive to be appropriate.  When humans coordinate their actions with each other they are able to expertly 
negotiate and manage shifts in agency and responsibility. We are highly skilled at being able to read subtle social 
cues and react appropriately.  Context-aware systems should support the same level of skilled reading that enables 
a capacity to act.   

The primary goal of technology which reacts to its use context is to free people of the burden of having to 
constantly focus on the information systems they are using so that instead they can concentrate on the work tasks 
or social activities that they are involved in. A technologically optimistic view is that context sensitive interfaces 
can support “seamless” interaction by incorporating knowledge of the user’s context into the design of the 
application or by encoding the application with mechanisms for detecting context.  However, through the process 
of predicting, then reacting to detected context information, the system often makes decisions on the user’s behalf, 
reducing the amount of control that they have over their situation.  The responsibility for determining what actions 
are, or are not appropriate is shifted to the system which is not always effective. In so doing context aware systems 
may hide information from the user reducing their capacity to read and act.  

Context aware technologies have been deployed successfully at the technical end of systems, for example in 
mobile phone cell switching, where ones phone automatically shifts between cells as one moves from one location 
to another, without any active intervention on the part of the user. However even in this case, some users enable 
an option to display the active cell on their phone so that in certain cases they can make use of it, “for example, 
seeking a stronger signal by moving to a physical location that forces handover to a cell that is known to be 
spatially closer” (MacColl et al., 2002). Thus MacColl et al. (2002) after Weiser (1995), advocate the design of 
“seamful” systems.  

This paper describes the use of participatory design methods to investigate the issues of agency and control in the 
design of systems from a participant centred perspective.  

Related Work 

There are many different interpretations of what context is, and what it means for technology to be “context-
aware”, evident in current computer science (in particular, pervasive/ubiquitous computing) literature.  A common 
approach to designing with context is to work with a collection of information which is derived from sensors that 



have been distributed throughout a particular setting.  This approach lends itself to a fairly impoverished view of 
what context is, reducing it to a property of a setting which is typically characterised by the location, identity, and 
preferences of people and objects. This neglects the many social aspects of context which have a strong influence 
on the way that work actually unfolds in a particular setting.   

In putting forward that “context isn’t something that describes a setting; it’s something that people do”, Dourish 
highlights the emergent nature of context (2002).  This view is also shared by Greenberg (2001) who describes 
context as a dynamic construct which should be “viewed over a period of time, episodes of use, social interaction, 
internal goals and local influences”.  Suchman further emphasizes the rich social aspects of context in the way she 
describes the “embodied competencies involved in intelligence and interaction as these are enacted by humans” 
(2003).  

These perspectives on context suggest that as designers we should not try to predict context but instead should 
make context information visible and provide simple ways for users to act on it (Bellotti et al., 2001).  In order to 
design with this view of context we need to start by understanding exactly what it is that people do and how they 
manage the context in which they work.  Brown and Randell present a particularly interesting example of 
designing with context when they describe the issues related to the design of a context sensitive telephone (2002).  
In their example they observed the company office worker using information available to them in the form of a 
Caller ID system to determine the importance of an incoming call.  The office worker was able to make a decision 
on whether or not to answer the call based on information which was available at-a-glance.  By being able to 
assess the situation with very minimal interruption to the task at hand they are able to concentrate their efforts on 
what they perceive as most important, whether that is answering the call or continuing with what they are doing.  
Rather than a system trying to predict their needs, they are instead provided with a resource which they can use to 
make their own decision.  They manage their own context.   

In citing the Locales Framework in a discussion of frameworks for representing actions, Greenberg (2001) 
describes how interaction trajectories “highlight that context changes and evolves over time and that part of 
people’s ability is to recognise and manage that change.”  In line with this dynamic view of context Belotti and 
Edwards suggest that “systems cannot just do things based on context awareness” but instead should “involve 
users in action outcomes if they are to be acceptable.” The user needs to coordinate the system behaviour to fit 
with the work that is unfolding around it.  One of the four principles that they outline to support this is “Provide 
control (and defer) to the user, over system and other user actions that impact on him or her, especially in cases of 
conflict of interest.” Chalmers and Galani (2004) suggest that a narrow design focus on one tool or medium as 
primary may clash with the way that everyday activity involves the interweaving and combination of many 
heterogeneous media. “People accommodate and take advantage of seams and heterogeneity, in and through the 
process of interaction. “ The challenge then, is to determine what resources should be provided (and which exist 
naturally and should be preserved) in order to allow a user to manage and control change gracefully within a 
heterogenous mix of devices and media. This research builds on the notion of exposing seams and the notion of 
resources such as Brown’s Caller ID, by experimenting with participatory design methods that might help to 
reveal such seams and resources from a participant’s perspective.  
Recent research suggests that design games (Iversen et al., 2002; Pederson et al., 2000) are a useful technique for 
co-developing a design language which is shared between users and designers.  The language is useful for both 
grounding and expressing design understandings.  The goal for our design activities was to create a common 
design language with participating dentists that would help us to reveal and explore situated resources like the 
Caller ID system.  The use of a technical prototype was particularly important here because of the experience that 
is shared through its use. The prototype can be thought of as an experience prototype (Buchenau et al., 2000).  It 
is used within the design activities as a way of understanding both the existing and also possible future work 
settings, with a particular emphasis on the experience obtained through its use.  With a focus on user experience 
this form of prototyping mixes well with interactive game-based design activities.   

In order to understand how we might design artefacts which can be easily appropriated and which merge 
gracefully with existing work practices we have explored how people coordinate shifts in agency.  This paper 
looks explicitly at what people do, how they negotiate agency, and how they manage and control change. 

Outline 

The remainder of this paper describes the process and results obtained from a series of design games and 
discussions held at both a dental school and a design lab.  The next section introduces dental practice and the rich 
physical and social nature of the work context.  This is followed by a description of two design discussions as 
well as the design game What can an agent do for me?, which was used to explore the concept of agency with 
participants from the dental school.  Finally, future directions and implications for the design of context-aware 
systems are discussed.  



DENTAL PRACTICE 

The dental surgery is a particularly interesting domain for exploring issues related to context-aware computing 
because of the rich nature of the context in which the work occurs.  In many dental surgeries the dentist will 
operate on the patient while an assistant provides support during the procedure.  The expert relationship that exists 
between the pair influences the social interaction and the way the work unfolds.  The surgery contains a number of 
instruments ranging from precise and delicate probes, mirrors, automatic drills, and scaling instruments to larger 
and more robust suction instruments.  In addition to the coordination of tasks managed by the dentist and assistant, 
and the use of a variety of instruments there is an ongoing task of managing the patient record (which is stored 
electronically on a desktop computer in most modern dental surgeries).   

Traditional modes of interaction (keyboard/mouse interfaces) are problematic when operating under infection 
control conditions in a dental surgery.  Working on the patient and updating the patient record at the same time is 
often necessary (when charting the mouth for example when there is too much information to be memorised and 
recorded later, or when performing a root canal treatment when it is crucial that precise measurements are 
obtained and accurately recorded) but becomes a difficult task because of the requirement that the dentist and 
assistant maintain clean operating conditions at all times when working on the patient. This means they can’t 
touch a keyboard or mouse with gloved hands.   

The implications of this are that the dentist has to stop working in the patient’s mouth, lean back and remove their 
gloves, grab the keyboard and/or mouse and find an appropriate surface upon which to operate them, put the 
keyboard/mouse away once the necessary details have been recorded, then put on a clean pair of gloves.  
Consequently this procedure causes a significant obstruction to the natural flow of work, and it is repeated for 
every new set of details that need to be added to the patient’s record.  An alternative to this is to have the assistant 
remove their gloves and use the keyboard and mouse while the dentist dictates the information which is to be 
entered into the record (Figure 1).  While this frees the dentist of the burden of driving the interface, the assistant 
is no longer able to assist the dentist with the procedure until they are able to put clean gloves on again. 

 

 

 

 

 

There is considerable potential for improving the ways in which the dentist and assistant can interact with the 
patient record if the information system can be designed to take advantage of the context in which the work 
occurs.  This raises many issues surrounding the concept of agency. 

The dentist or assistant should have agency when they need it, but when do they need it?  What it means to have 
agency will vary at different points in a dental procedure.  It is important that they can take control at times in the 
procedure where they have to make an alteration to the patient record.  In terms of interacting with the 
information system in the surgery, having agency means that the dentist is able to give a command to update the 
record with procedure-related information.  This is possible if the patient record is displaying the correct form or 
chart in which to enter that information.  For the assistant, having agency means being able to enter information 
into the patient record.  For this to be possible they need to know what the information is, have access to an input 
device for entering the information, and also have an opportunity to enter it. 

During the coordinated task of updating the record there are many shifts in agency between the dentist and the 
assistant.  These shifts are negotiated as the work unfolds and are made possible because of the expert 
relationship that exists between the pair.  This is evident for example, in situations where the dentist is focused on 
an x-ray and facing away from the assistant; they will rely on the sound of key strokes (or the absence of key 

Figure 1: Updating the patient record. 

The assistant touch-types as 
the dentist dictates. 

The assistant talks aloud as he 
examines the x-ray. 
 

Updates to the patient record 
are displayed on the screen. 



strokes) as a cue for triggering the next part of the dictation.  When the dentist dictates to an assistant, it is often 
noticeable that they will pause at regular intervals until they hear the assistant has finished typing on the keyboard 
before they continue.  

The assistant on the other hand, reacts to the movements and speech of the dentist.  They will often make a 
decision on what form to load based on the actions of the dentist, and also an understanding of where they are up 
to in the procedure.  If the dentist is preparing an anaesthetic the assistant may bring up the patient’s medical 
history on the screen so that the dentist can see if there are likely to be any side affects or complications before he 
gives the injection.      

The auditory and interactional cues in these examples which trigger shifts in agency are fairly straight forward.  
There are undoubtedly many more subtle resources that dentists and assistants rely on when deciding how to act. 
In determining what resources a computer system should provide to its users it is first useful to examine the 
resources that both the dentist and assistant draw upon when working together to update the patient record.  We 
can learn many lessons from analysing how the dentist and assistant negotiate agency. This will provide an 
insight into how the dentist or the assistant could potentially interact with the information system in a way which 
allows them to maintain an appropriate level of agency. To gain a deeper understanding of the work context with 
a particular focus on the negotiation of agency, a series of design games and discussions were organised and 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 had the opportunity to engage participants in exploring issues 
related to context detection and the negotiation of agency – design discussions, and a design game.  The design 
discussions were focused on methods of interacting with a computer system that would allow users to maintain an 
appropriate level of agency.  The design game was quite different in that it was structured as a short series of 
hands-on design activities.   

The first discussion was with a senior lecturer from the dental school and the second with the CEO from a 
software company which develops applications for dental surgeries.  Both the discussions and the design game 
were preceded by an introduction to the concept of agency in the form of a prototype demonstration, a context-
aware bracket table1 – the Sensing Table.  

Introducing the Concept of Agency 

It is more effective to introduce users to a concept like agency in the form of a prototype demonstration where the 
impact of technical possibilities on a work setting can be demonstrated and experienced rather than giving an 
abstract description which is likely to be more difficult to interpret. As designers we are skilled at observing 
workplace settings, recognising the potential for improving the ways in which people interact with their 
information systems, and presenting these improvements in the form of design ideas. Domain experts on the other 
hand are the best critics of such ideas because of their intimate familiarity with the use context. The prototype 
described here has evolved through a collaborative design process involving dentists from private practices with 
ownership of the concept being jointly attributed to both users and designers. 

The concept behind the Sensing Table prototype is that there is a link between the instrument that the dentist is 
using at any given point in a procedure and the information that they need to be looking at in the patient record 
(for example, a chart, a graphical representation of the patient’s mouth, or an x-ray).  The purpose of the table is 
to select the area of the patient record that corresponds to the use of particular instruments as these instruments are 
selected from the table.  Thus the dentist navigates the patient record through instrument selection rather than 
through making explicit menu navigation commands. 

A typical scenario might be that the dentist has just seated the patient in the dental chair at the start of the 
procedure.  To begin with they need to perform a quick examination of the patient’s mouth; the mirror instrument 
is always used to do this.  The dentist would pick up the mirror off the bracket table and at the same time the 
information system would load the most recent chart of the patient’s teeth. The dentist could then refer to the chart 
while performing the examination.  

The prototype was demonstrated by selecting the mirror and sickle probe instruments off the Sensing Table 
causing a chart of the patient’s teeth to load on a nearby computer screen.  When the instruments were put back 
down on the table, the chart closed (Figure 2). 

                                                 
1 The “bracket table” is a small moveable bench, generally positioned beside the dental chair (where the patient 
sits), which the dentist uses to lay out and arrange instruments that they plan to use during the procedure. 



During periodontal procedures in particular, but also when conducting examinations, doing a filling, and giving an 
anesthetic, these one-to-one mappings exist between the instruments and the information, and can be drawn upon 
to make the dentist’s work easier. By trying to predict what a dentist wants based on context information that is 
detected (i.e. a particular instrument has been picked up), the dentist’s ability to control the situation is restricted 
as the responsibility for loading the chart/form/x-ray is shifted to the information system.  Even though on many 
occasions this may save the dentist from some additional work (loading up the right form etc.), there is likely to be 
a situation where the dentist would like to have more control over what information is displayed. 

 

 

 

In this instance the prototype is used as a design artefact which provokes a discussion about the issues related to 
agency, rather than as a firm technical solution to the interaction problems faced in the dental surgery. 

Design Discussions 

The design discussions presented two interesting perspectives on how agency could be managed in the dental 
surgery.  The discussions were held with professionals from both academic and commercial backgrounds, and 
were motivated by a need to explore possible applications and limitations of context-sensitive technology in a 
clinical setting.  They represented the beginning of a design dialogue aimed at understanding shifts in agency, and 
acted as an important focusing exercise leading up to the design games which were run as a separate workshop.   

Senior Lecturer 

The first conversation was held in a workspace at the dental school with a senior lecturer.  The dental school is 
comprised of many clinics.  Each of these are large, open-style rooms, generally divided into approximately 20 
separate workspaces.  Prior to the discussion, the Sensing Table was set up in an available workspace in order to 
accurately represent the way it would actually be used in practice.  The table component of the prototype was 
placed on top of the existing bracket table while the dental software was run on a laptop which was placed on a 
bench in the workspace adjacent to the main dental chair.   

After giving a demonstration to the lecturer, she had an opportunity to explore how the prototype worked. She 
expressed the view that although there were cases when it would be effective, it might not always be easy to make 
a one-to-one mapping between the instrument and the information the dentist requires when using instruments like 
the mirror which are required in nearly every procedure (and many times during a given procedure).  This raised 
questions like What screen should it bring up and when? and What if the screen is still needed once the instrument 
is put down? and What if a screen pops up at an incorrect or inappropriate time?  

She suggested that perhaps a more effective way for a dentist to manage the information system which would give 
them more control, could be to add new buttons (beside the existing ones for adjusting the dental chair, light, etc.) 
to the bracket table which correspond to the charts and x-rays that they typically use.  This is interesting because 
the solution is in the form of a simple resource (a button on the bracket table) which fits with an interaction 
paradigm that dentists are already accustomed to.  The information system could then be controlled and managed 
as it is needed. 

The idea of adding another button to the bracket table also highlights a tension between making small changes to 
the work context which support existing patterns of interaction and on the other hand exploring how technical 
possibilities like context-awareness could perhaps have a more significant impact on the way that work is carried 
out in the surgery. 

 

Figure 2: Demonstration of the Sensing Table. 



Software Company CEO  

The second conversation was held in a design lab with the CEO of a software company which develops 
applications for dental surgeries.  He described how different screens in their application correspond to different 
“work contexts” between which the dentist often needs to switch when they are performing a procedure.  As 
current ways of switching between these sections of the application are very focus intensive, he was interested in 
how the software could be more reactive to the dentist’s context. 

He also raised a concern that the dentist doesn’t always want the patient to view information (such as treatment 
cost) that is associated with their record on the computer system.  This may pose a problem when instruments are 
mapped to particular forms or charts and when multiple instruments could load more than one chart.  The 
information might not always be displayed at the most appropriate time.  It would be very difficult for a system to 
determine the points in a procedure where it is appropriate to display certain kinds of information.  The decision is 
better left to the judgment of the dentist; they require a way to manage their own context rather than having it 
predicted for them. 

Following on from this line of thinking, the CEO suggested that rather than seeing the multiple uses of some 
instruments as a hurdle for context-aware computing, it could be an opportunity to rethink the role of instruments 
in the dental surgery.  Could an instrument be designed with its mapping to the information system in mind?  The 
dentist could then select their charting mirror, or their x-ray mirror depending on the information that they needed.  
As in the first discussion, with this solution the dentist is provided with a way to control their situation – they 
maintain an appropriate level of agency.  While the concept of having multiple instances of each instrument means 
there would be a lot more equipment in the dental surgery, the idea is interesting because again it takes advantage 
of an interaction paradigm that the dentist is already accustomed to.  

Each of the discussions presented a very useful and different perspective on how to maintain human agency when 
interacting with an electronic patient record in the dental surgery.  Some of the points and questions raised in the 
discussions were later echoed by the dental students during the design game.  Common topics of discussion 
surrounded the questions “Can the dentist have control by saying on or off?”, “Do you have to pick up an 
instrument to get a certain screen?”, and “If you don’t replace an instrument will the next one you pick up 
overwrite the screen?”   

There were two central design challenges that emerged.  The first challenge being that the dentist needs a means 
of specifying a need for agency at specific points in time.  They also need a way to hand over agency. The second 
was that you need to understand how your actions will be interpreted by the system.  The design game What can 
an agent do for me? described in the next section, highlights how we have further explored these issues through 
game-based design activities. 

Agency Game 

Game-based activities are particularly useful as a design method because they provide a means of establishing a 
common design language (Pederson et al., 2000) which both domain experts and researcher/designers can draw 
upon and use to ground their understandings.  The game metaphor is useful for framing a design activity because 
of the structure that is implied by the term “game”.  There are several qualities of a “game” which guide how 
people approach and explore a design challenge.  Typically a game based activity requires a game board, a set of 
rules or constraints, an element of competition or cooperation, turn taking, a role for each of the players, and a set 
of props that can be used to progress through the activity.  Games are also recognised as being creative activities 
that fall outside the scope of normal work practices. Roles and props enable people to engage playfully and they 
scaffold interaction; the presence of props in a use context serves to readily suggest actions to users.  When put 
into game roles, the traditional power relations of manager-junior staff or lecturer-student are removed from the 
forefront of interaction (although they always exist somewhat) and people tend to contribute their perspectives 
more freely. Comments are often playful and reflect the context of the game.  It is these qualities which distinguish 
games from other design activities. 

The agency game possesses many of these properties and adapts some of them to take advantage of the situation 
in which the game is played.  Traditionally, a game board is used to provide a context for the activity and the 
games pieces have a particular meaning and affordance within this context.  In related research (Pederson et al., 
2000), game boards and props have been used as a substitute for a real world use context and context specific 
artefacts.  For the purposes of our study we felt it important to situate the game in a real dental surgery.  Through 
the process of doing this the clinical setting which surrounds the participants becomes the game board and the 
dental instruments and other equipment in the surgery become props for the game.  This shift is important because 
the negotiation of agency is a situated activity which is best understood in its typical work setting.  The agency 
game is structured around exploring how the players cooperate rather than compete.  It is the turn taking in the 
game, which is implicit in cooperative activities, that allows us to explore the corresponding shifts in human 
agency and how they are managed. 



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

(i) How do we strike the right balance between giving a dentist control of their situation and weighing them 
down with unnecessary controls?  

(ii) How much agency is enough? 

Preparing for the Game – Setting the Scene 

The prototype demonstration was an important activity leading up to the game in the sense that it established the 
foundation for a design language which the game then helped to develop.  It was important for the purposes of the 
game that we run it at the dental school so that we could operate in the context of a real dental surgery (Buur et al., 
2002).  The clinical setting of the dental school provided an excellent workspace and backdrop for the game.  
Working in this context was beneficial because it helped us to develop a sense of the “movements and spatial 
relationships” that are permitted by the surgery layout (Pederson et al., 2003). 

Playing the Game 

To begin with, the participants were given an A4 piece of paper describing the game and an opportunity to read 
through the instructions. First of all they had to complete some individual tasks. These involved thinking about an 
aspect of dentistry that they would like to have automated (controlled by a computer agent), then drawing a 
picture of this task or action on a piece of A3 paper which was provided.  They were encouraged to use the sketch 
to show what they would have their agent do and to write a brief description beside it.   

Following this, they used a Polaroid camera to take pictures of the objects from their workspace which were 
represented in the drawing.  The photos were stuck onto the sheet of paper with the drawings.  The sheet of paper 
became a poster-like representation which they used to describe their agents (Figure 3). 

 

 

 

They took turns describing the sketches to each other, placing a particular emphasis on the role that the agent had 
in the sketch. As a pair, they had to then act out the role of the dentist and agent in their workspace.  One person 
played the role of the dentist, and the other played the role of the agent which was helping them. 

Throughout the game the students developed two agents.  The first one was responsible for moving the bracket 
table and light towards the dentist when they needed it and away from them when they didn’t need it (Figure 4).  
On many occasions, the light and bracket table get in the way of people moving about in the surgery and it would 
be useful if they did not need to be physically adjusted on a regular basis.  In the scenario that the students 
sketched and then role-played it was the agent’s responsibility to adjust the bracket table and light depending on 
whether the dental chair was reclining (they should be moved closer to the dentist) or sitting up (they should be 
moved away from the dentist). 

 

 

 

 

Figure 3: Game description and agency poster developed by the students. 



 

 

 

 

 

 

 

 

 

 

 

The second agent was responsible for turning on the taps for the dentist when they needed to wash their hands 
(Figure 5). To maintain clean conditions the dentist often has to wash their hands without touching any part of the 
taps or sink with their hands.  This requires awkward movements such as the dentist using their right elbow to turn 
the tap on, and then their left elbow to dispense some soap.  The role of the agent here was to turn on the taps at 
the correct temperature without requiring an adjustment from the dentist, and for an appropriate amount of time.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It was interesting to see how the agents were designed, had their role articulated, and then acted out throughout the 
game.  During the game, the process of negotiating agency occurred in two places.  First of all when drawing the 
sketch the students would articulate the role of the agent and also how the dentist would interact with it.  This was 
taken a step further when the students role-played the scenario and incorporated the agent into an acting exercise.  
When acting, the dentist would often ask questions of the agent in order understand how they would be able to 
achieve their task (Figure 5). 

The short transcript describes the dentist’s attempt to clarify that if she places her hands under the tap the water 
will come on.  The agent answers in this case by turning on the tap.  It was interesting to note that on many 
occasions the agent would respond to a question with an action.  They would provide an indicator (such as 
counting to ten out loud, or turning a tap on or off) which would allow the dentist to make sense of their actions. 

Figure 4: Context-aware bracket table and light. 

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. 

“While the chair is moving back to its set level, the bracket table and light could move forwards with it.” 
 



Through acting out the scenario, the participants were put in a position where they needed to articulate the role of 
the agent in order for the scenario to proceed.  Even though it hadn’t been previously discussed, the actor playing 
the role of the agent (the automatic tap) was able to come up with a means that would allow their agent to know 
when to turn the tap off – a timer. She made this information available to the dentist in the scenario by quietly 
counting to 10.  In doing this she explicitly articulated the internal mechanisms used by the machine, rather than 
hiding them.   In this example it wasn’t so much the case that the dentist was dictating how they wanted their agent 
to react but rather the agent providing a resource which would allow the dentist to interpret its actions. 

DISCUSSION 

Designing effective context-aware applications is difficult.  If they are ever to merge gracefully with our existing 
work and social practices they must do so in way which ensures that human agency is preserved.     

The design discussions were valuable because they presented two very different perspectives on how agency can 
be managed.  They challenge us to consider the question, What is equivalent to the Caller ID in the dental 
surgery? Could it be a button which the dentist can press when they need to, an instrument which can be selected 
based on its capabilities both as an instrument and a mode of interaction, or perhaps a different resource that is 
available to the dentist? 

In the dental surgery there are numerous resources that the dentist draws on and uses to complete procedures; 
there isn’t one in particular that is the focus of attention all the time.  As a consequence it is likely that the dental 
surgery will require a number of simple technical resources that the dentist can access as the work unfolds in order 
to improve the way in which they interact with the patient record.  In exploring the design of such resources for 
the dental surgery the combination of interactive design games and design discussions have provided a useful 
insight into how people negotiate agency and how they imagine the role of technology in a future work context.  

The prototype was important because it also represented our ideas of what context-aware technology might be like 
in a dental surgery in the future.  It allowed us to experiment with technical ideas while at the same time having 
the exploration and discussion grounded in a real work context.  It was useful not as a firm technical solution but 
rather as a design artefact which was capable of provoking a stimulating discussion about agency and context- 
awareness.  The prototype demonstration and discussion created a design language which the games then 
developed, helping us to critically examine and talk about agency.  

What was interesting about the game was that the negotiation of agency occurred both in the process of role 
playing the sketched scenario and also in the process of drawing it.  The poster was important because the visual 
thinking task encouraged the participants to think critically and to represent the important features of the agent 
through their sketch.  The scenarios on the other hand, allowed them to develop a physical understanding of the 
role of the agent which made it easier to articulate.  On reflection, the task of coming up with agents was possibly 
difficult for the participants and may have benefited from more scaffolding.  We could have begun for example by 
brainstorming problems that they faced in the dental surgery, or by asking when another hand or extra help to 
remember details would be useful.  Another alternative might have been to devise a game that offered extra 
memory or hands as resources for trade.  If peoples’ actions are well scaffolded so that they are able to generate a 
number of alternatives that they can choose from, then they are more likely to feel a sense of accomplishment and 
ownership.  

When involving users in the design process there is a tension between designing in small steps which results in 
making incremental changes to the current context, and on the other hand, exploring how ubiquitous computing 
technology could have a more significant impact on the work practice. By introducing issues related to ubiquitous 
computing, the dentist is faced with a paradigm shift in the way that they view the use of technology in the 
surgery. 

This tension was particularly evident in the two agent examples that emerged from the design game.  The 
examples were simple and related to physical aspects of the setting which could be re-designed.  This is precisely 
the reason why the use of a prototype like the Sensing Table is important when introducing significant shifts in 
technology.  It introduces a technical possibility like context detection and presents it in a way which is easily 
related to dental practice. This allows a rich discussion and exploration of the technical issues around context 
detection and agency in a dental surgery setting.  Future work will include introducing more specific technical 
prototypes (such as using RFID tags to track the movement of instruments around the surgery during a procedure) 
to participants with the aim of developing a deeper understanding of agency and how dentists might potentially 
manage their own context. 

CONCLUSION 

This paper described how game-based activities and contextual demonstrations of prototypes were used to explore 
issues of machine and human agency in a dental surgery. This research builds on the notion of exposing seams and 



hidden machine resources as a design strategy for empowering users to manage their own heterogenous systems of 
devices.  We experimented with participatory design methods that might help to reveal such seams and resources 
from a participant’s perspective.  
The participatory exploration of a prototype generated an idea that both maintained human control and allowed 
automatic loading of the patient record, through the participant reconceptualising the role of instruments.  The 
agency game revealed that when a student acted as a machine and provided an explicit account of her actions, the 
student acting as the dentist could make use of some of this information that was provided, knowing when to begin 
rinsing her hands because she had a sense of when the tap was going to turn off. Thus the process of acting out 
agents revealed useful resources that might otherwise have been kept hidden in a design. The use of design games 
and the participatory exploration of prototypes in use contexts thus seems to have considerable potential for 
revealing the subtle contextual cues and resources that people use to manage the way they accomplish their work.   
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