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ABSTRACT 
Recently a number of researchers have uncovered various 
ways in which paper documents support everyday work 
practice and have suggested how these may be reflected in 
the design of new technologies. In this paper we consider 
how activities on and around paper documents may be 
supported when participants are remote from each other. 
When we consider the uses of an experimental system that 
provides a number of resources for supporting work over 
documents, it becomes apparent how critical it is to support 
apparently simple pointing and referencing, and how 
complex such conduct can be. This suggests some 
considerations both for developers of enhanced media 
spaces and analysts of everyday conduct. 
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INTRODUCTION 
In studies of the use of technologies in a broad range of 
organisational environments there has been a long-standing 
recognition that documents provide a foundation to 
collaborative work. The burgeoning corpus of workplace 
studies have powerfully demonstrated the ways in which a 
variety of documents, ranging from complex mixed media 
files through to seemingly simple notes, enable interaction, 
communication and collaboration [e.g.8,17]. These studies 
have also shown that despite the wide-spread deployment of 

digital technologies, paper and material artefacts remain 
pervasive and critical resources in the accomplishment of 
workplace activities, and in various ways underpin 
communication and collaboration even in highly complex 
tasks such as air traffic control, architecture, or surgical 
operations. In particular, it has been found that the 
collaborative and interactional accomplishment of tasks not 
infrequently relies upon the interplay of the material and the 
digital, and the participants’ abilities to seamlessly 
interweave resources that are entailed within different 
media [8]. These practical, accomplished affinities, between 
digital and material resources, pose a major challenge for 
those with a commitment to developing technologies to 
enhance work and collaboration. They demand a marked 
shift from the conventional models and considerations that 
inform interface design and human computer interaction; a 
challenge that those of us with an interest in ubiquitous 
computing are struggling to address. 

These challenges are exemplified in the substantial range of 
technical, social and cognitive science research concerned 
with the development of systems to support mixed media, 
synchronous, collaboration between distributed, remote 
participants. It has been increasingly recognised that early 
forms of video-mediated communication and media space, 
with their commitment to supporting the ‘face to face’, 
provided impoverished environments for work and 
collaboration [7]. Without enabling participants to access, 
see and share material and digital resources, such systems 
removed a prerequisite to the concerted production of many 
tasks and activities. Addressing these issues has proved 
highly problematic and in some cases created more 
difficulties than it has resolved. For example, in a series of 
experiments in which we provided remote participants with 
variable access to each other, their domain and a range of 
digital and material resources, we found that we created a 
range of interactional problems, not least of which was the 
participants’ ability to establish a common reference and 
mutual alignment towards specific objects [3]. These 
difficulties were not resolved when we experimented with 
collaborative virtual environments and provided 
participants’ with a range of resources to enable reference 
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and pointing. Once again invoking and working with 
around particular resources proved highly problematic [9]. 
Indeed, like others, we increasingly recognised that in 
creating collaborative environments to enable distributed 
participants to access and share digital and material 
resources, we had to resolve a seemingly trivial, but 
fundamental problem - how we can enable participants to 
contingently invoke and refer to objects such as documents 
and their particular features. 

It is difficult to underestimate the significance of this 
problem to the development of environments to support 
synchronous, distributed, collaborative work. A number of 
workplace studies, and related research in conversation 
analysis and pragmatics, have begun to delineate the 
complex range of multi-modal, that is visual and vocal, 
interactional practices on which people rely to create a 
momentary alignment towards an object [e.g.6,16], that is, 
to have a co-participant unproblematically look at and see, 
in a contingently relevant way, some feature of the local 
environment. These studies demonstrate the importance of 
the interplay of gesture and talk in the production of 
reference, the ways in which looking at something together 
evolves through a trajectory of coordinated action, and the 
importance of seeing the other and the other’s actions as 
they emerge with regard to environment of objects and 
artefacts. Indeed, the conduct of the other is rendered 
intelligible by virtue of its contingent interrelationship with 
the environment in which it is produced. Media spaces 
fracture the relationship between action and environment; 
they provide restricted, distorted, and fragmented access to 
the other(s),their action and their environment, and thereby 
undermine a participant’s ability to make sense of the 
actions of others and to design and produce actions in a 
contingently relevant way [7]. In our experience, technical 
solutions to the alignment and reference problem, such as 
the introduction of cursors, laser pointers, and perhaps the 
most curious of all, extending virtual arms [9,13], by 
removing a co-participant’s access to the other and their 
alignment, the progressive course of the gesture, and the 
rapidly changing pointing hand, create more problems than 
they solve. 

Notwithstanding these problems, rather than abandoning 
our attempts to develop support for remote mixed-media, 
synchronous collaboration we believe it should remain at 
the heart of analytic and technical agenda of human 
computer interaction. Indeed, a useable and cost effective 
solution would undoubtedly be of substantial interest in a 
wide range of domains including medicine, banking and 
finance, training and education. Moreover, technical 
advances over the past decade in the quality of cameras, 
bandwidth capacity and image projection provide 
unprecedented resources to enhance the range, quality and 
interdependence of visual, material and spoken connectivity 
between remote sites.  

In this paper we present and assess a system called Agora 
designed to enable synchronous collaboration between 

participants with and around material and digital resources. 
In particular the system is designed to support access and 
reference to individual and shared documents, both paper 
and digital, and to provide participants with the ability to 
manipulate, gesture towards and point to those documents 
in conventional ways; that is relying upon the practices and 
resources that inform co-located interaction and 
collaboration. In presenting and discussing a series of 
examples of participants working together in and through 
the system, we wish to reveal some of the advantages and 
shortcomings of the ‘solution’, and to contribute to our 
understanding of the interactional accomplishment of 
reference through talk and gesture. In these ways, we hope 
to delineate some key issues that should inform future work 
for those who have an interest in providing enriched 
support for distributed, synchronous, collaborative work. 

THE AGORA SYSTEM AND THE EXPERIMENT 
The Agora system, as well as providing audio access, offers 
a series of interrelated views that enable remote participants 
both to see and hear each other, access and share paper and 
digital documents, and point to and gesture over documents 
both in their own domain and their co-participants’ [12], see 
Fig 1.  

   
Fig 1 View of the Agora showing the different spaces 

More specifically the system consists of: 
• a 120 cm screen situated along one side of the desk that 

projects a life-size image of the remote participant as they 
sit (or stand) at their desk. This provides a view of the 
other as well as a small portion of their desk. The camera 
associated with this view is attached to the middle of the 
screen; it is small enough not to be obtrusive; 

• a large ‘working area’ (66cm x 49cm) on the desk in 
front of the participant. Here documents and hand 
gestures on and over the desktop are captured by a video 
camera above the desk, transmitted to a remote site, and 
projected onto the remote desktop from beneath. In order 
to eliminate infinite video feedback, polarised films are 
placed both on the desk surface and in front of the camera 
lens. The resolution in this area is relatively low and with 
the polarised films rather dark. Also, since the image is 
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projected from beneath, documents on the local desktop  
can cover the image of documents on the remote one. 

• a smaller document space (the same size as an A3 piece 
of paper, 42x30cm) where documents can be placed and 
worked upon. Above this a document camera captures an 
image of the documents and participants’ hand gestures. 
These images are mixed to be presented on the shared 
screens in both locations. 

Although drawing upon other attempts at providing 
enhanced distributed workspaces [e.g. 2,10], Agora offers a 
distinctive arrangement motivated by the objectives of 
being able not only to see details of documents and objects 
in the remote space but also gestures to and around them. 
This cannot be provided by projection (working area) alone 
and to see details of documents a higher resolution screen 
(shared screen) is required. As this then offers another 
location to refer to, cameras positioned across the desk 
(hand gesture cameras) are also required to pick up hand 
gestures to the screen (see Fig. 2). 

 
Fig 2. The additional cameras and projectors in Agora required to 
display gestures to ‘digital’ documents. 

With this rather complex arrangement both participants can 
point at real documents (in their own space) and at the same 
documents displayed in the shared document monitor. 
Whether they look at the document on the desk or the one 
on the screen they have the possibility of seeing any of their 
colleague’s gestures above or around the documents. But, 
as has been noted Agora also can present multiple images 
of the same features of conduct. For example in the course 
of a simple pointing action across the desk, an image of a 
hand could appear in four different spaces, and potentially 
in more than one location at any one time. The two sites 
connected through the system are 200m apart are connected 
via a high band width network (155Mbps ATM), resulting 
in a slight delay in presenting another’s conduct (0.3 
seconds at the most, and typically 0.1 seconds). 

To explore and the extent to which the system supported 
mixed media, multiple document work, we organised a 
series of quasi-naturalistic experiments involving pairs of 
Japanese and English subjects. The experiments were 
designed to examine: 

• how a number of documents of different kinds and sizes 
were used. We wanted to investigate whether and how 
the participants could manage the materials typically 
found on a ‘messy’ desk; 

• whether participants were able to both write and read 
documents. We were interested in seeing how 
participants coordinate their activities through the 
technology and the difficulties they faced; 

• whether participants could engage in activities on and 
around the documents together or individually. We were 
interested in the problems individuals face when shifting 
between different kinds of co-participation; 

• whether participants could move documents around and 
shift between different activities with different 
documents. We wanted to investigate whether and how 
the participants configure documents in the workspace; 

• whether participants could discuss details of the 
documents with their colleagues. We wanted to see 
whether and how, through the various areas and spaces 
on system, they talked about, referenced and in other 
ways pointed to documents and details of those objects  

We developed a number of tasks for subjects to undertake 
in the experiment that would encourage the use of a wide 
variety of documents including maps, photographs and 
textual documents, and demand changing alignment and 
shifting reference. The tasks principally involved planning 
and design, more specifically urban planning and solving 
transportation problems. To encourage discussion we gave 
the participants slightly different instructions and 
collections of materials. They were given a 10-minute 
introduction to the technology and the task lasted around 30 
minutes. There followed a short de-briefing to collect the 
comments of the participants concerning the use of the 
system and the accomplishment of the tasks. 

In all we carried out the tasks with 26 pairs of participants 
(16 Japanese and 10 English-speaking pairs). We collected 
materials from 5 cameras (the 2 face-to-face views, the 
shared screen and 2 wide-angle views of the participant in 
relation to the Agora system). In this paper, for ease of 
exposition we focus on those materials gathered when pairs 
of English speakers used the system. 

Rather than provide an overview of the results of the 
assessment, in this paper, we wish to focus on the ways in 
which the participants established, or attempted to establish 
mutual alignment and reference to particular objects or 
aspects of those objects. We are interested in particular, in 
how participants respond to each other’s attempts to 
establish a particular focal alignment, and the ways in 
which they are able to design reference with regard to 
actions, orientation and relevant ecologies of the remote 
participant. Our analysis draws on conversation analysis 
and recent studies of the multi-modal interaction in 
everyday settings [6,8,16]. In this respect our concern is 
with the emergent and sequential character of practical 
action and the practices in and through which participants 
collaboratively accomplish particular activities, in this case 
pointing and reference. It is important to note that the very 
production of an action, such as an attempt to have another 
look at a specific aspect of document, is, in the course of its 
accomplishment, sensitive and shaped with regard, to the 
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concurrent conduct of the co-participants. The fragments 
presented here are selected in order to provide a sense of 
some of the issues and complexities that arise in these brief 
moments of concerted action. 

SECURING ALIGNMENT 
With all the various views available in Agora, one problem 
the participants face is to ensure that a colleague looks at a 
common object or feature of an object. This is particularly 
difficult when there are number of similar documents in the 
different spaces and these are presented in more than one 
location.  

In the following instance Phoebe and Andrew are 
discussing the problems that occur when a path becomes 
blocked by parked bicycles. Phoebe has been talking about 
particular difficulties, pointing to areas on a photograph on 
her own workspace and projected in front of Andrew in the 
general working area. As Phoebe leans over and points to a 
placed on the path on her photo with her left hand, she 
notices that the place is clearer on another photo in 
Andrew’s workspace which is displayed on the monitor 
over to her right. She then begins to point to Andrew’s 
photo with her right hand as she says ‘but it comes up here 
right?’. Her pointing appears as a projected hand to Andrew 
and secures his alignment to the new document (as Pheobe 
says the word ‘here’).  

This re-alignment is not entirely unproblematic. Although it 
is often sufficient to secure an alignment just to an object in 
the local environment, in many cases, particularly with 
documents, it is necessary to orient to a particular aspect of 
that document. When Andrew turns he sees a projected 
hand moving over a particularly complex photograph – it 
not being entirely clear the precise location Phoebe is 
talking about. After a couple of small re-adjustments of her 
fingers, Phoebe has to re-produce the gesture, dropping her 
hand down to the desk and re-raising it. This is whilst she 
says ‘so up (.) right here’ and Andrew is looking at the 
shared monitor. Once this has been accomplished Phoebe 
goes on to discuss the problem of ‘weaving’ through the 
bikes, which Andrew agrees it to be ‘like an obstacle 
course’. 

It appears as if, although the participants can draw on the 
resources to locate a common document and even a general 
location on that document, there are some difficulties in 
securing an alignment to a specific location. In this case 
such a detail is important. Although Phoebe’s hand is held 
over an area to the far left of the photograph the location of 
the tip of the finger is obscure. Even minor shifts of the 
fingers do not seem to help. Phoebe puts her hand down and 
then brings it back up to the location. This secures the 
common alignment to the location on the photograph. It 
may be that these difficulties are a consequence of the way 
in which the production of a seemingly simple point is 
transformed by the technology. 

Fragment 1 
 
 
 
 
 
 
 
P: this side I 

don’t know, 
can’t tell from 
the photo,   

 but it comes up 
here right? 

 
 (1,5) 
 
A: er where? 
 
 (0.2) 

 
P: errrrr I can’t 

see on mine 
so: 

A: err 
P: up (.) right here 
A: ah yeah yep 
 
 (0.2) 
 

 
As Phoebe moves from the first photograph on the desk to 
the second on the screen she maintains her left hand on a 
related location on her own photograph. Both hands appear 
directly in front of Andrew, stretching out flat from the 
screen in front, slightly dark and less distinct as they are 
projected from underneath the table. As Phoebe moves to 
her right she adjusts her left hand. For Andrew this means 
that her left hand disappears from view between the 
boundaries between the different kinds of projected spaces. 
As the hand disappears, Andrew looks up to the large 
screen ahead of him and finds Phoebe reorienting bodily 
towards her right, moving both hands just above the desk 
and towards the screen. He follows this trajectory and 
follows the projected image onto the shared screen directly 
to his left. His gaze arrives as Phoebe’s projected hand 
moves across the photograph. Here, the hand is projected as 
a bright but transparent image, the finger being noticeably 
duller, which might partly account for Andrew’s difficulty 
in finding the particular place Phoebe is pointing to.  

In projecting images of three dimensional hands on a work 
surface a number of technical decisions have to be made, 
each with consequences for what will remain visible and 
what obscure. For the two different surfaces of Agora, 
different decisions were taken that corresponded to their 
envisaged uses. The space in front of the participants was 
meant to be where general conduct would be visible, the 
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one near the shared screen was where detailed discussions 
would take place. However, both kinds of projection 
transform the conduct in some way, flattening out the 
image, but also making movements away from the surface 
or towards them less apparent than movements across them. 
In this case Phoebe’s point is almost perpendicular to the 
screen, so the tip of finger can hardly be seen. Interestingly 
her second pointing whilst she says ‘up (.) right here’ is 
slightly at an angle, so its image is slightly more distinct. 
This seems to secure an appropriate alignment from 
Andrew and allows Phoebe to proceed with her description 
of the problem. 

Agora makes some minor transformations to the ways 
conduct is displayed and it is interesting to note that, after a 
little more effort, the participants do manage to move on. 
Indeed, when considering other collaborative technologies, 
Agora provides some useful resources to help people to 
move into a common orientation around a common object. 
In other systems, such devices as a remote laser pointer or 
an arm of an avatar or robot have been provided to help 
participants point to objects and in other ways secure 
alignment to features in the local environment [9,13]. 
However, studies of these technologies suggest that they 
can easily fracture the relationships between the person 
pointing, the device being pointed with and the object being 
pointed at [14].  

In Agora not only are there necessary transformations to the 
way things appear but there are also boundaries between the 
spaces in which actions are presented. It is apparent, as in 
this case, that participants are sensitive to these 
transformations and boundaries. The flatness of an image, 
its lack of contrast or its transparency may make the 
production of a gesture, or a reproduction of a gesture, hard 
to see or notice. Nevertheless, the Agora arrangement also 
seems to provide ways of repairing these anomalies and 
helping a participant reassemble the sense of another’s 
conduct. Agora provides participants with views that are 
related to each other and thereby resources for recovering 
sense from apparently disembodied action, and ways for 
assembling scenes from fractured images that are available. 
The additional images, particularly the large life size image 
of a colleague helps secure alignment to an object, even a 
fine detail; the reference to an object being seen in the light 
of the emergence of the gesture and the orientation of a 
colleague. In Agora, even the field of view might provide 
some support for following the trajectory of another’s 
conduct. A small area of the desk being visible on the 
bottom of the large life sized display provides a resource to 
see hands moving just above a desk and from the projected 
surface, and hence tying a movement from one space to 
another.  

THE WORK OF POINTING  
Securing an alignment to an object or a detail of an object 
foreshadows some talk or activity about that object. In the 
experiments with Agora participants discuss the details of 

what they are looking at, confirm the problems they 
associate with them and make various proposals. In doing 
this the participants frequently produce gestures, for 
example to contrast features on different photographs, to 
mark out where something could be drawn or annotated or 
to confirm the details of what they are proposing. So once a 
common orientation to an object has been secured some 
work is required to sustain it, particularly as there may be a 
number of objects of concern, and objects may be remote 
and liable to be moved. 

Some time after the action in the previous fragment, Phoebe 
and Andrew discuss several proposals, including one 
involving the building of a new cycle path to avoid 
congestion on one of the main roads. They mark up on a 
plan of the area a suggested route and then begin to write up 
why this new path should be constructed. Consider the 
following fragment when Phoebe and Andrew are writing 
out the reasons for this path. Andrew has the plan in front 
of him on which he has marked the path as a line in red 
joining the main road. He has a black pen in his right hand 
with which he has been writing. Phoebe looks at the image 
of the map on the screen to her right and locates the 
proposed path. 

Fragment 2.1 
P: so your 

(0.8) right 
here you 
have 
drawn this 
line 
right?= 

A: =ye:p  
Whilst Phoebe says her utterance she points to the path. Her 
conduct appears on both the screen to Andrews’ left and 
projected over the real document in front of him. Phoebe’s 
conduct is accomplished through a number of components. 
As she says ‘so your’ the forefinger of her right hand moves 
toward the screen over the road they are concerned about. 
She then readjusts her gesture first downwards to one of the 
circles Andrew has drawn on the map, then upwards toward 
the left of the new path and then across the whole distance 
of the line. As she continues her utterance she moves her 
finger up and down the line then then loops around another 
path that joins the road. Andrew, who has been looking 
down at the map on the desk in front of him looks up to the 
screen (on ‘drawn’) and then back to the desk (on ‘right?’). 
He seems to juxtapose the two views of the same object and 
Phoebe’s gestures, and then confirms the location of the 
path; his confirmation appearing to allow Phoebe to go on 
with her suggestion. 
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Fragment 2.2 
 (0.5) 
P: So we have to 

say like 
 (1.5) 
P: to build the: 

(1.3) the 
footpath or the:: 
bicycle path (or) 

A: (yep) 
P: whatever you 

want to call it↑ 
 (0.1)  

Whilst Phoebe is saying ‘so we have to’ she continues to 
gesture over the map and Andrew moves his right hand to 
grab the bottom right corner of a large sheet of paper on 
which he has been writing, As Phoebe starts to say what to 
write Andrew readjusts his left hand so he can lift it up with 
both hands, turn it and place it in a location where he can 
write on it and where his writing will be visible to Phoebe. 
In order to do this Andrew has to move the map to the right; 
a map to which Phoebe is still oriented and pointing with 
her left forefinger. These readjustments may account for the 
pauses and perturbations in Phoebe’s speech. Whilst she 
continues talking, Phoebe follows the object she is pointing 
to as it at slides to her right. She then goes on to re-mark 
out the line several times more with her forefinger, 
coordinating several up and down movements along the line 
whilst she says ‘footpath or the bicycle path (or) whatever 
you want to call it’.  

It is not clear that all these efforts at pointing to the line are 
produced merely to identify a reference to an object which 
(for Phoebe) is in a remote space. Phoebe is dictating 
something for Andrew to write, a bulleted point of the kind 
‘to build a footpath’. However, when Andrew has placed 
the page on the desk, as Phoebe completes the word 
‘footpath’ he does not move to commence to write. Indeed 
his right hand moves away from the point where he could 
start writing and his left comes off the sheet. Phoebe 
continues her utterance, but as she does this she turns to 
Andrew, who is picking up the red pen with his right hand 
and transferring it to his left hand. When she completes her 
suggestion, he moves forward and points to the sheet with 
the black pen saying: 

Fragment 2.3 
   (0.1) 
A: do you think it 

should join up 
here though? (0.1) 
or::>because it is 
going to be pretty 
congested here 
perhaps↑ or 
should it join up 
somewhere else?  

Andrew quite delicately raises a problem with the drawing 
and the proposal at it currently stands: that the route of the 
path, which Phoebe has taken a lot of trouble to point out, 

means that three paths all join at the same place. They go 
on to discuss an alternative route. 

The participants are engaged through the Agora system in 
very detailed discussions about precise elements of the 
proposals they have made. By having various documents 
visible in both domains there are many different resources 
for discussion. Detailed locations, objects and features can 
be pointed out and the documents can be marked up and 
annotated. Moreover, it is possible to shift attention 
between documents, juxtapose different documents and 
kinds of documents, or read and write on one alongside 
another. Agora makes this possible, and in some ways 
straightforward to achieve, by providing a simulacrum of a 
desk space with real physical documents, maps, 
photographs and pieces of notepaper that can be read, 
written on and pointed to directly. But the space is 
transformed, by having to interleave projected images in 
two remote locations. The choices involved in making a 
‘common space’ means that in most circumstances there are 
multiple views of the same object and at least one 
participant can choose where to look. It need not be the case 
that a participants’ orientation ‘reflects’ that of their 
colleague. As in the case above when, Andrew can look 
down at the physical document that Phoebe sees only on the 
display to her right. And yet, it may be surprising that 
through Agora participants can point out, discuss and argue 
about quite fine details of the objects around them. They 
seem to do this with subtle sensitivity to the ongoing 
conduct of the other. This seems particularly apparent when 
they are pointing something out to one another. 

When pointing out something the visual appearance of the 
conduct is critical. By using video and projection 
techniques, Agora provides details of the finger(s), hands 
and arms, but also allows participants to design their 
conduct so this can be shaped with regard to what is being 
pointed at and why. Participants can point with different 
fingers, pens or pencils to identify a detail, contrast one 
place with another, or discriminate a particular detail. They 
can also point along a line, around a circle or swerve along 
a loop. But the appearance and location of the pointings are 
not all that is critical. It is apparent in the few examples 
discussed so far, how often the pointing hand (or pen) 
arrives just as the relevant object is being referred to in the 
talk, whether this accompanies a direct referent (a path) or 
an indirect or deictic one (‘here’ or ‘right here’). As in this 
case with Phoebe and Andrew participants take great care 
in co-ordinating their talk and their visual conduct. This 
allows a co-participant to recover what is being referred to. 

This relies upon the co-participant being able to see the 
gesture in relation to the ongoing talk. Participants have to 
co-ordinate their talk and gestures with the ongoing conduct 
of their colleague. Phoebe designs her conduxt so that it can 
be seen at the right place and time by Andrew, and Andrew, 
vice versa. This is despite of the small delay between when 
participants produce their conduct and when it is seen. 
Moreover, the participants have to accomplish this in a 

CHI 2006 Proceedings  •  Information Handling April 22-27, 2006  •  Montréal, Québec, Canada

566



setting where their colleagues may be shifting alignment or, 
where, because of the arrangement of the images, a 
colleague is oriented to. 

Participants have resources to make sense of the domain – 
particularly the projected hands – but these are also 
fragmented and disjoint. Phoebe’s right arm appears in the 
screen in front of Andrew whilst a projected version of her 
right hand appears on the screen to his left (as well as over 
the desk where the actual object she is pointing to rests). On 
the screen, the projected hand actually overlays the image 
of her left hand which is placed on the desk. 

Nevertheless, the participants accomplish their activities 
within the space. There may be some perturbations and 
some repositioning of objects but despite the fragmented 
and multiple views, participants produce quite mundane 
activities such as viewing, reading and writing. More 
importantly, they manage to collaboratively refer to details 
of the documents, gesture over objects and write, read and 
in other ways animate the use of documents for another – 
even if the domain of action is shifting. 

Participants can draw on other resources to make sense of 
the ongoing conduct. As in the foregoing instance, 
participants can foreshadow their upcoming conduct 
through their actions. So, Phoebe’s initial ‘here’ is 
foreshadowed not only by ‘so your (0.8)…’ but also a turn 
towards the screen. Similarly the gist of her suggestion ‘to 
build the footpath’ is foreshadowed by ‘So we have to say 
like’ and Andrew’s contribution is produced in the light of 
his drawing first away from the page, picking up a pen he 
has previously used for drawing and then moving his hand 
(and pen) towards a detail on the document. Such actions 
project forthcoming activities, they help others to co-
ordinate their own actions with your own and also to 
provide a local interactional context in which others can 
make sense of your conduct. What, therefore, might seem 
like a simple point, produced to identify a particular object, 
is designed and transformed from moment-to-moment in 
the light of the conduct of colleagues.  

In the course of their work participants have to sustain an 
alignment and maintain involvement in an activity in 
particular ways. Even though the Agora system transforms 
the spatial and temporal nature of the participants’ actions 
the participants do seem to collaboratively produce 
coherent actions. This seems to be possible because of the 
ways Agora provides real-time access for making available 
trajectories of conduct. It provides ways for participants to 
assess the sequential development of a colleague’s activities 
and draw on this to co-ordinate one’s own moment-to-
moment contributions . 

COORDINATING POINTING 
When a participant secures an alignment to an object or 
demarcates some feature of it, it is not uncommon for this 
and the accompanying talk to elicit a point or gesture to the 
same object by a colleague. It therefore becomes a practical 

problem for participants to coordinate their actions on or 
around an object. It would be envisaged that this would be 
particularly problematic if the participants’ conduct is 
mediated through a technology and the objects are features 
of either real or projected documents distributed between 
two sites. 

In the next fragment Mary and Elizabeth are trying to 
identify some places where it might be possible to widen a 
road. Mary has been writing notes on a document to her 
left, on top of which she has placed a photograph of one of 
the roads. The participants are oriented to this photograph 
as they discuss ways of widening the road. Mary begins 
discussing a possibility that they could extend the road to 
the right ‘they could make an extension this much right??’, 
she accompanies this with a gesture over the photograph in 
front of her with her right hand. This comes from above the 
path and marks out with her middle finger and thumb, the 
extent of a possible extension of the path, taking in the 
pedestrian walkway on the right, indicated by her thumb.  

Fragment 3 
 
 
 
 
M: they could make an 

extension this much, 
right? 

 (.) 
 

E:  but could the 
pedestrian walkway 
be extended here? 

M:  [      ] but then the  [  ] but then the pedestrians,  
 pedestrians  

 (.) 
M:  No 

 (.) 
E: No Ah There is no 

more space 

  
As Mary’s utterance comes to completion, Elizabeth begins 
to point with her finger to the screen (at an area to the right 
of the path and over the pedestrian walkway), saying ‘but 
could the pedestrian walk be extended here?’. Elizabeth’s 
finger appears on the screen as a ‘shadow hand’ on a 
trajectory heading towards the right of the path and Mary’s 
thumb. As it reaches its destination, Mary begins to 
withdraw her hand. But she does not withdraw her hand 
entirely. Even as it is held towards the top-right of the photo 
it maintains its configuration marking out the now smaller 
width of the proposed extension.  

As Elizabeth produces her suggestion to extend the path 
further to the right over what is currently grass, her pointing 
transforms in two ways. First, Elizabeth’s index finger 
moves further to the right edge of the photograph as she 
says ‘walkway’, and second, accompanying ‘be extended 
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here’ her middle finger is stretched out and held crooked to 
mark the leftmost extent of the path. But as Elizabeth’s 
utterance and gestures emerge Mary begins to talk, her hand 
returning closer to the scene of interest. Mary appears to be 
projecting a possible problem with Elizabeth’s new 
suggestion, her fingers closing on to the same area of 
ground from above. Indeed she marks out the area between 
path and the edge of the photograph just as Elizabeth’s 
forefinger comes to the edge of the photograph. Indeed, 
Mary’s gesture seems to match the width of Elizabeth’s. As 
they are both speaking both their gestures appear over the 
same portion of land, one from below (Elizabeth’s) and one 
from above (Mary’s). However, when Elizabeth’s question 
comes to completion the position of their hands, in some 
way, now indicate an answer. Mary’s thumb is beyond the 
extent of the page. Elizabeth looks toward Mary and 
withdraws her hand, and then, whilst she says ‘pedestrians’ 
Mary turns to Elizabeth and immediately confirms ‘’No’, 
shaking her head. Elizabeth, herself, then suggests that 
there is no more space, which Mary later confirms with a 
longer account of the consequences of the extension further 
along the road. 

This suggestion of a proposal and its rejection are 
accomplished over a few of turns of talk. Together, the 
participants manage to produce a proposal and dismiss it 
making each other aware both of its details, but also why it 
might not be feasible. As is apparent from the talk, the 
accompanying gestures are critical for this. Mary’s hand 
gesture and Elizabeth’s point help each other make sense of 
the places that they are talking about as ‘this much’ and 
‘here’. And this is done quite precisely so that Elizabeth’s 
finger first arrives when she says ‘pedestrian’, moves across 
the grass just as she says ‘walkway’, and is transformed to 
mark out the extent of the proposal over ‘here’. 

However, these gestures achieve their significance not by 
just serving to help identify a deictic reference. They are 
shaped in particular ways to support the proposals (and 
rebuttals) being made by their co-participant. The hand is 
shaped to not only identify a particular location but to mark 
out the extent of an object or the scope of an area to be 
changed. To accomplish this what is critical is the timing of 
the gesture and the nature of the movement. This needs not 
only to be co-ordinated with one’s own talk but with the 
conduct of the co-participant. These hand gestures are 
shaped with regard to the visible and audible conduct of a 
colleague. Elizabeth’s gesture is designed in relation to 
Mary’s hand, particularly as a movement towards her 
thumb, Mary’s outstretched fingers move towards the same 
location as Elizabeth’s forefinger and then are reshaped 
with respect to Elizabeth’s transformation of her own hand. 
These hands follow trajectories, but also are produced 
through the continual monitoring of the other’s course of 
movements. In this way they can arrive over the same 
location at the same time. Through this rather curious 
technology, the participants can shape their hands to 
identify a common object, and features of that object. They 

can also draw on this common identification and orientation 
to help present, and then argue against the details of what is 
being said. 

When viewed in detail the activities of the two participants 
are complex and interleaved in quite intricate ways. This 
being whilst they are immersed in the finer points of a 
discussion about the consequences of widening a road. The 
positioning of the cameras means not only that projected 
hands appear on the screens and surfaces, but at times 
additional hands can be seen fleeting across the image or on 
the periphery. However, despite this complexity the 
participants manage to interact through the system. From 
their visible conduct (and from the discussions afterwards) 
it is not apparent that the technology undermines in any 
significant way their attempts to point to objects in the 
remote domain, annotate their suggestions with gestures or 
generally work with documents in a distributed 
environment. 

Indeed, the Agora appears to support the participants not 
only pointing and referring to the details of documents in 
the remote domain but also animating their discussions with 
a range of fine-grained gestures. It may be that the quality 
of the images supports this, but it is also obvious that the 
projection of an image of a hand provides for a variety of 
ways of annotating the environment with the hands and also 
allows for these animations to be transformed in their 
course. The system therefore supports the fluid transition 
between different kinds of collaborative activities over 
documents. The hands providing a resource for displaying 
trajectories of action and a means for co-participants to 
monitor moment-by-moment the prospective activities of a 
colleague and then to shape their next actions accordingly. 

DISCUSSION 
Enabling participants to ‘seamlessly’ point and refer to 
relevant features of their own and their colleague’s 
environment, in particular documents that they may have at 
hand, is a critical aspect of work and collaboration. 
However, it poses severe difficulties for those with an 
interest in lending it support. Digital, and in some cases, 
mechanical solutions to this problem, have proved clumsy, 
restricting the range and flexibility of the participants’ 
referential actions and demanding, in many cases, an 
explicit orientation to the problem of securing a satisfactory 
alignment. As Goffman [5] so splendidly argued, to 
explicitly address the problem of sustaining involvement in 
some business at hand, (such as clarifying what should be 
looked at) participants have to temporarily abandon the 
activity in which they are engaged to establish the 
appropriate form of attention. Ordinarily, we are more 
subtle in the ways in which we accomplish relevant forms 
of mutual alignment and involvement. 

The ways in which participants establish mutual orientation 
within Agora point to some of the shortcomings of using 
technical solutions to the reference problem. In the first 
place, for example we can see how gesture and its 
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accompanying talk accomplish alignment towards 
particular objects by progressively projecting the point of 
reference. Unlike solutions such as cursors, laser pointers 
and mechanical or virtual arms and hands, the human 
gesture entails a trajectory of action(s) that through its 
emerging shape and pace, enables a co-participant to 
progressively anticipate its time and position of arrival. In 
turn, this enables the recipient, to progressively align 
towards the emerging gesture and the acme of the point. 
Moreover, the gesture can be shaped with regard to 
contingencies that arise during its production, in particular 
the emerging action (or even absence of action) by the co-
participant. Sequence and sequentiality is critical in this 
respect, not only in terms of how a recipient might align 
towards an action immediately following its completion, 
but in the ways in which the progressive emergence of a 
gesture and an utterance, can create specific opportunities 
for a co-participant to align towards the projected action. 
The articulation of the gesture and its accompanying 
utterance is itself an interactional, sequentially organised 
accomplishment that is sensitive to the conduct of the co-
participant. Technical solutions to the reference problem, 
rarely enable the subtle, progressive shaping of the action 
with regard to the other, or the co-participant to orient to an 
emerging, projecting action by a colleague. 

Agora raises a further issue that is of some relevance to the 
design of systems for collaboration and has received 
relatively little attention within the social sciences. The 
hands themselves, not simply the overall gesture, are a 
critical resource in enabling reference and providing 
participants with the resources to ‘elaborate’ the object. The 
fragments reveal for example the ways in which the 
emerging shape of the hands enables the co-participant to 
anticipate and secure the object in question, and in turn how 
slight aspects of the hand’s movement are shaped with 
regard to the emerging orientation of the co-participant. 
They also demonstrate how the participants use the hand to 
demarcate, segment, animate, and elaborate, features of the 
object, enabling distinct sense and meaning to be 
associated, at this moment, with the document in question. 
Moreover, the hand’s ability to transport and manipulate 
objects, such as a pen or pencil, provide a critical resource 
for the participants to project, accomplish and communicate 
specific actions on, through and around the documents. 

Agora also points to some interesting aspects of the ways in 
which participants interweave actions and environment of 
objects and artefacts. As has been suggested elsewhere, 
media spaces can fracture the relationship between the 
body, the environment and action, undermining the 
participants’ abilities to both produce particular actions 
such as a reference and to make relevant sense of the 
actions of others [7]. Despite the complex array of scenes 
and views, and flexible location of documents and 
resources that are provided by Agora, participants were, 
perhaps surprisingly, able to contingently establish mutual 
alignment within the course of particular activities. It is 

worth noting for example, that when having rearranged 
documents participants have to (re)establish a framework of 
mutual orientation that enables more detailed reference and 
alignment to be accomplished. Moreover, the scale, quality 
and position of the projected image of the other and their 
desk, provides we believe resources not only to enable 
participants to see and produce specific actions, but to 
provide ongoing awareness of the actions of the other and 
their workspace. Most interestingly perhaps, it may well be 
the case that the seeming redundancy of the Agora system, 
whereby participants have multiple ways of accessing and 
seeing the same document, far from undermining mutual 
orientation and collaboration provides, in these 
circumstances a rich resource for determining the actions of 
the other and producing activities in a contingently 
appropriate fashion. Nevertheless, in Agora this redundancy 
is not arbitrary but supported by an arrangement of spaces, 
designed to provide coherent trajectories of action. 

By supporting not only access to the details of paper 
documents, but also the conduct on, over and with them, 
Agora provides an environment in which fine-grained 
collaborative activities can be accomplished. In this case 
providing access to the details of paper allows for the real-
time production of collaborative action. 

From the study of participants undertaking activities 
through Agora, particularly in the light of previous 
technologies to support video-mediated communication, it 
seems important to: 
• provide resources to support the resolution of references 

to objects in a remote domain by maintaining coherent 
and continuous relationships between the person 
referring, what is being pointed with and the eventual 
target of the reference; 

• provide multiple access to another’s remote domain, even 
if this results in multiple images or representations of the 
conduct of another; 

• configure the multiple resources to support the sequential 
production of action, in particular the mutual production 
of trajectories of action; 

• provide resources to allow others to see and recognize 
trajectories of conduct, from their outset. These can allow 
for fine-grain co-ordination of conduct and help identify 
relevant actions from what may be redundant artifacts 
made visible by the technology; 

• provide stable resources within environments of action 
against which participants can gear their actions and co-
ordinate their conduct.  

When designing distributed collaborative technologies 
artifacts and transformations made to ordinary actions will 
inevitably make these problematic, whether these are 
delays, changes in the appearance of conduct or the means 
through which collaborative actions are produced. It is not 
merely important to provide embodied interaction, or rather 
selected aspects of embodied interaction or visible features 
of embodiment [1]. We need to consider how these can be 
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related to the environments of action and most particularly 
the sequential production of action. However, even when 
we consider actions in such a strange environment as Agora 
we see that understanding the sequential context of action 
relies on how we delineate, characterize and circumscribe 
features of everyday action. When considering the 
participants’ conduct it is problematic to stipulate clear 
distinctions between talk and action, or to classify 
referential actions in terms of what is done just through 
utterances or gestures [4], or discriminate actions associated 
with the environment and context. Indeed co-ordination of 
actions are more fine-grained, participants ongoing conduct 
produced in the light of the emerging activities of a co-
participant [11]. Breaking apart actions from utterances, 
activities from the environment in which they are 
accomplished and too broad demarcations of the conduct of 
co-participants seems to obscure the very means by which 
sequential actions are accomplished.  

The design of sophisticated technologies like Agora have 
emerged not only from the iterative development of 
previous video-mediated technologies and related 
collaborative systems, but also studies of everyday action. 
These have suggested the capabilities they might have and 
to some extent the ways they can be configured. Analysis of 
the uses of these suggest ways in which they may be 
improved further, better integration of spaces, further 
access to physical objects, particular documents and 
additional ways in which coherence of actions between 
participants could be established. The analysis also suggests 
critical aspects of conduct that we should focus on when 
developing synchronous technological support for 
distributed collaboration. Agora was not intended to be a 
solution to deployed within an organisational environment, 
but we are drawing from our studies to develop lightweight 
technologies that explore these critical requirements, using 
different kinds of projection and mechanics.  

What emerges from these analyses, however, are how poor 
our current understandings are of the relationships between 
gestures, talk and visual conduct. In previous work it has 
been possible to rely on when conduct seems to be 
problematic, breakdown requires repair, reformulation and 
repetition. When collaborative behaviour through 
technology seems less problematic, more fluid or better co-
ordinated, at least at first glance, then it can be harder to 
break apart. This casts in sharp light our current 
understandings of everyday action and interaction; how 
participants make sense of another’s conduct within a local 
environment; and how their colleagues produce the means 
for them to assemble that coherence, is unclear. It becomes 
apparent what practical subtleties and social niceties 
abound even when someone is only trying to make a simple 
point.  
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