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Abstract. An ethnographic analysis of an ambulance control centre is presented, 
specifically investigating the design of information displays and their practical use in this 
setting. The spatial distribution of the displays around the control room is described and its 
consequences for cooperative work drawn out. From these analyses, we make several 
suggestions for information visualisations in virtual environments, including a design 
concept of multiple displays coexisting within a 3D environment as an alternative to the 
notion of 'immersive' information visualisation more commonly encountered. The paper 
closes with a reflection on the relationship between ethnographic analysis and system 
development that ou r work here exemplifies. 

Introduction 

This paper presents an analysis of field work conducted at an ambulance control 

centre in a large metropolitan region in the North of England. The purpose of this 

analysis is to inform the development of Collaborative Virtual Environments 

(CVEs), and in particular, CVEs which are designed to support collaborative 

information visualisation. In,recent years in the research field of Computer 
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Supported Cooperative Work (CSCW), there has been much interest in CVEs, 
where distributed virtual reality technology is deployed to support cooperative 
working activities. While a number of general CVE platforms and development 
environments exist, (e.g. DIVE, Carlsson and Hagsand, 1993, and MASSIVE, 
Greenhalgh and Benford, 1995) and have been presented within CSCW, three 
areas have been the principal focus of application development and usage. Virtual 
conferences, where a CVE is deployed to provide some form of meeting 
environment as an arena for social interaction, have been discussed by Greenhalgh 
and Benford (1995) amongst others. Inhabited television explores strategies for 
combining CVEs with broadcast media (McGrath et al., 1998, Benford et al., 
1999). Collaborative • information visualisation has been the subject of 
applications such as VR-VIBE (Benford et al., 1995) and Q-PIT (Mariani et al., 
1995). Here a (typically 3D) visualisation is embedded within a CVE so that, in a 
sense, users are embodied within the database itself. This might enable them to be 
aware not only of information but also of other users and the interactions with 
information and each other that they are engaged in. 

An overarching concern in our work is how understandings of virtual reality, 
and in particular CVEs, might be informed by empirical social scientific analysis. 
Specifically, we are concerned to deploy ethnographic research methods (which 
emphasise protracted contact with a research setting and the deep descriptive 
documentation' of the social organisation of activity) alongside video analysis 
work (concerned with the detailed study • of how social interaction is coordinated 
on a moment-by-moment basis). Throughout, we prefer the study of real-world 
settings which have an existence independent of our interest in them. There are 
two strands to our research agenda with respect to CVEs. On the one hand, we 
conduct studies in real-world settings to inform CVE development—settings 
which, though often automated, do not typically involve the usage of virtual 
reality technology. For example^ Pycock and Bowers (1996) report a study of 
work in the fashion industry so as to investigate the plausibility of introducing 
CVEs to support 3D design and information visualisation in this setting. On the 
other hand, we conduct studies of the usage of CVEs to explore whether the 
arguments for their utility are borne out in practice. For example, Bowers, O'Brien 
and Pycock (1996) and Bowers, Pycock and O'Brien (1996) address questions 
such as: do (and in what sense) CVEs enable users to deploy their everyday 
interactional competencies in the 'natural' way that is often hoped for? Do (and in 
what sense) users achieve a serise of 'place', 'presence' or 'immersion' in a CVE? 

Do users obtain an awareness of the conduct of others in a CVE which enables a 
sense of mutuality to come ihto.existence? If so, how? 

The present paper is of the first sort—a study of an existing setting: ambulance 
control. However, it is important that we are clear at the outset of the purposes of 
our study and exactly how we intend it to inform CVE research. We are not 
proposing the use of CVEs to support real world ambulance control, nor are we 
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here concerned with making suggestions for other forms of cooperative 
technology in this setting. These are matters more prominently covered in Martin, 
Bowers and Wastell (1997). Our preeminent concerns in the current paper concern 
more basic issues in research on CVEs for collaborative information visualisation. 

In particular, we wish to inform the design of collaborative information 
visualisations by offering a social scientific perspective on how databases are used 
in a complex, time and safety-critical setting. In existing work,' the design of 3D 
information visualisations in the research literature has largely been considered 
from a computing, indeed algorithmic, standpoint. The distribution of virtual 
objects, signifying database entries, around a 3D space has been governed by 
algorithms based on, for example, cluster analysis, physical spring models of 
attractions and repulsions, or a weighted summing of overlaps between database 
entries and queries (see Benford et al., 1995; Chalmers, 1994). From time to time, 
considerations of human perception enter into the design of 3D visualisations. For 
example, Chalmers (1994) discusses the importance of 'landmarks' and 'regions' 
for making an information visualisation more easily perceptible and navigable. 
However, rarely have the actual principles by means of which representations of 
data are constructed been discussed from a social scientific viewpoint. Largely, an 
algorithm is selected on the basis of computational (e.g. efficiency) or aesthetic 
(e.g: the visual elegance of the virtual forms produced) criteria. This means,that, 
ironically, existing CVEs for collaborative information visualisation tend to 
employ algorithms for constructing information displays without explicit regard 
for how differently designed displays might or might not afford the social 
interaction and mutual awareness their designers hope for. It is our belief that 
exactly how objects are distributed in virtual • space will matter critically to 
whether a CVE for.information visualisation will effectively support cooperative 
work. We suggest that designers of CVEs can learn from real-world settings in 
this regard and that (maybe) even the selection of the algorithms used for the 
construction of information visualisations might be influenced by empirical social 
scientific work. The following study is an exploration of this possibility. 

Field Study 

The ambulance control room is located above one of the 35 ambulance stations 
that serve the region (population around 2.5 million), centrally, in its main city. 
The control room operates by answering calls from the public (on the 999 
emergency line), medical services and other emergency services. These calls are 
received by Call Operators (1-6 working depending on time of day/week) who 
enter basic details onto a computer-based form, their central task being to gain a 
geographical fix on the incident and some details of the nature of the problem. 

As soon as a geographical fix is made and 'enter' is pressed these details are 
passed directly over to the Dispatchers (4 working at all times), whose job it is to 
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assign each incident to an ambulance in the region (30-70 operational at any one 
moment). Dispatchers are constantly overseen by two Supervisors who sit behind 
them. This group work to ensure that, with a finite number of ambulances, 
incidents can be assigned to ithem such that adequate cover is maintained 
throughout the region (at least one ambulance covering every station) and 
ambulances are dispatched and reach incidents within UK government guidelines. 

In order to manage incidents for the whole region it is divided up into four 
areas known as 'boards' with each dispatcher assigned one of these as their central 
dispatch area. Supervisors on the other hand have responsibility for the whole 
region. Dispatchers are presented with the geographically relevant incidents to 
their board as soon as they are entered. Their job is then to select a proximal, free 
ambulance for that incident while ensuring that adequate cover will be left 
consequent upon that selection.' Once a selection is made, Dispatchers send 
abridged details electronically to an alphanumeric display and keypad on the 
relevant ambulance's dashboard. Supervisors, while not being assigned a 
particular set of dispatch jobs are constantly involved in monitoring and 
overseeing work, suggesting and even making dispatches (relieving Dispatchers' 
workloads) and preparing and planning with a special eye to maintaining adequate 
cover. The final staff member of importance to our study is the Control Manager, 
who for the majority of the time has a less hands-on presence dealing instead with 
general morale, quality of work, contacts with other organisations, and so forth. 
However, even ' the Control Manager might actually assign incidents to 
ambulances at times of extreme workload in the control room. 

The central technological resource utilised by control room workers is a 
computer system containing a series of DOS-based applications (accessible via 
sequences of keystrokes) for the purpose of collating ambulance information in 
various ways so operations can be performed on it and distributed to relevant 
parties. The system is networked to over 20 terminals within the room and has a 
radio link to the display panels in the ambulances. A Global Positioning System 
(GPS) links to the database providing near real-time information on, for example, 
positions of ambulances relative to incidents. We now discuss the three most used 
applications and their relevance for dispatch. 

The Incident Stack 
i 

As fixes are made on incidents they are visible through an application that lists 
them. This is known as the Incident Stack. It is split into two halves. The top 
displays 'WAITING' incidents (those still to be assigned to ambulances), the 
bottom 'ACTIVE' incidents (assigned). In each line, a variety of information is 
displayed including the time the call was received and, for incidents in the 
'ACTIVE' category, the call signs of ambulances attending the incidents and their 
as-the-crow-flies distance (computed by the GPS). At the top of the 'WAITING' 
list is the oldest unassigned emergency incident while at the top of the lower half 
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is the most recently assigned incident. Each Dispatcher has an Incident Stack for 
their 'board' accessible via their terminal (indeed this is their default screen 
setting), while the stack for the whole region is displayed on a large screen on the 
left hand side of the wall in front of the Dispatchers (see Figures 1 and 2). 
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Figure 1- Plan of the ambulance control room 

The Dispatch Selection Screen 

When a new incident appears highlighted at the top of the Dispatcher's Incident 
Stack it is selected simply by pressing the enter key. The screen then refreshes to 
show the basic details of the incident (e.g. its type and location) in the top half of 
the screen and a list of the nearest as-the-crow-flies ambulances in the bottom 
half. This list does not take into account the status of these ambulances (whether 
active or free), however the nearest free ambulance is flagged in blue as a guide to 
allocation. The Dispatcher then selects an ambulance (often the flagged one), 
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which again leads to the screen refreshing, this time showing the full incident 
details. These are then checked and abridged by the Dispatcher and transmitted to 
the ambulance. On receipt the crew press the first button on their keypad which 
leads to an automatic updating of the Incident Stack (the incident moves to the top 
of the 'ACTIVE' list) and the Vehicle Availability Map. 
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Figure 2 Dispatchers' and Supervisors' local environment 

The Vehicle Availability Map (VAM) 

As mentioned before, a key role of the Dispatchers and Supervisors is ensuring 
that adequate cover for the region is maintained. The VAM, which is displayed on 
the right hand large monitor on the front wall (Figure 1), is the central resource for 
this purpose. The VAM (see Figure 3) is a set of 15 lists each headed by a three 
letter abbreviation of the area covered, and comprising the call signs of 
ambulances from 2-3 proximal stations. The lists are arranged to correspond 
roughly to the actual geographical distribution of stations in the region (e.g. 
stations close to each other tend to be part of the same list, adjoining areas are 
listed proximally on the VAM). The important features of ambulance statuses are 
displayed by colour coding. Ambulances actively attending emergency incidents 
are shown in red. Those attending urgent incidents (transporting patients under 
doctor's orders) are flagged in green. Those placed at standby locations (a 
designated place to provide cover between two stations) have flashing call signs 



317 

and those that are free are unflagged. Through examining the VAM, Dispatchers 
and Supervisors can glean a variety of important information for dealing with 
cover issues, as we shall shortly describe in more depth. 
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Figure 3 The Vehicle Availability Map (VAM) which lists ambulances by regions and is 
approximated here in greyscale Ambulances active on emergencies are here shown with their IDs 

against a black background Ambulances on urgent calls are shown against a grey background 
Ambulances on standby are shown 'flashing' Available ambulances are just depicted by their ID 

See main text for further explanation. 

Display Design 

We now wish to analytically draw out some features of the work of ambulance 
control and its relationship to the design of the displays we have just discussed. 
Focusing on displays is justified both by our interest in information visualisation 
and because there is a strong sense in which ambulance control work is display-
inspection-and-manipulation-work. That is, much of the work of ambulance 
control precisely consists in the inspection and manipulation of displays and it is 
through such activities that ambulance dispatch and cover maintenance are 
achieved. Dispatch could, of course, be accomplished by other means and, before 
the introduction of the system we (have discussed, the extensive use of radio for 
voice communication with crews would have been essential. However, 
comparatively rarely now is there the need for direct communication with crews in 
order to accomplish dispatch. Such interactions are now occasioned by 'non-
routine' occurrences such as if the crew cannot find the incident or if they are 
being asked to attend an incident .when they are due a meal break or as a back up 
check to make sure the electronically delivered dispatches have been noticed (as 
crews can be in a station's staff room when a message is sent to their cab). 
However, routine dispatch work is accomplished by and monitored through the 
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inspection and manipulation of displays. This centrality of the displays to control 
room work prompts us to analyse out various features of significance to them. 

Distribution of Functionality • • 

A first observation: different screens are used for different purposes. It is not the 
case that any screen in the control room can display any view on incident data 
from any application. There are dedicated screens for displaying incoming and 
outgoing message packets (the ICQ and OCQ) to monitor the effectiveness of 
radio transmission and to troubleshoot possible technical failures. For example, a 
message which has been transmitted but which does not appear in an ambulance's 
own display suggests that the latter may be at fault. There is a dedicated screen for 
the VAM. There is a dedicated, though not routinely used, screen for the display 
of ambulance locations on a map-like representation of the region (the AVLS 
display which presents the GPS information in cartographic form, see below). 
Furthermore, a password system controls access to applications so that, for 
example, the screens in front of the Dispatchers tend to display only dispatch-
related information for the Dispatcher's region. That is, a number, but not all, of 
the applications making use of incident data will display to these screens. Equally, 
there are applications available to a Supervisor which allow for incident data from 
a number of areas to be compared on the one screen. The Control Manager can, in 
addition, inspect the results of'applications which compute running statistics on 
the performance of the service in getting ambulances to incidents. The overall 
inspection of such statistics and the monitoring of control room performance is an 
important feature of the Control Manager's work. Hence, displays of such 
information are ready-to-hand for him on his screen and not on the screens of 
Supervisors and Dispatchers. Supervisors and Dispatchers will become aware of 
such matters through interaction with the Control Manager and not direct from the 
system to their screens. 

This distribution of functionality across displays facilitates workers in that the 
information they need for their job is at hand, and readily so—it does not have to 
be found amongst a range of job-irrelevant displays. It also ensures that if workers 
need become aware, for whatever reason, of information not accessible from their 
own screen that they engage in embodied activity which makes the fact that they 
are so doing available to others in the control room. For example, if a Dispatcher 
needs to check on the activity in an adjacent board in order to ensure adequate 
cover for the service, they may lean over to glance at their neighbour's screen. The 
fact that they are so checking is thereby available to the Supervisor behind them. 
This may, in turn, alert the Supervisor to issues concerned with the relationship 
between ambulance deployments across the two boards—a matter of relevance to 
the Supervisor's job. In short, constraining accessibility and systematically 
distributing the displays and the functionality of the system across the control 
room enables opportunities for work-relevant communication and awareness. 
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Text 

The vast majority of the information displays on view in the ambulance control 
room is textual in nature. We tend not see graphical objects being used to depict 
incidents or ambulances. This is not because control room personnel are tolerating 
antiquated non-graphical DOS systems. Rather, it is because the appropriate way 
of delivering information to control room personnel is in textual form. For 
example, the primary means for individuating one ambulance from another is by 
means of its call signal ID—a four number string. If ambulance-specific 
information needs to be displayed, attaching it to a four letter string seems most 
effective—especially if any anomalies about its status or whatever may well be 
resolved through spoken interaction with the crew which will be initiated by 
keying in the call sign on the radio (this opens a channel to the ambulance). 
Denoting ambulances with their ID in this fashion compactly individuates them, 
while giving exactly what is required to initiate interaction if problems occur. A 
graphical representation (e.g. a little ambulance icon coloured distinctively) might 
require personnel to remember which ambulance is which, how colour is used and 
so forth. Simple textual displays often give the information required here and now 
(memory not required). 

Numerical and compact letter IDs are used ubiquitously in the control room 
(for incidents, areas within the region and ambulance stations, as well as a key for 
different types of incident: e.g. RTA for road traffic accident) in ways which are 
well and commonly understood. This gives text a priority in making displays of 
information work-relevant. It also makes means of organising text on screen 
around 'lines' and 'fields' essential. This is not to say that other means of 
organising text at the interface are not worth exploring. It is not even to say that 
iconic or symbolic means for representation might not also on occasion have a 
role. Rather, it is to emphasise that DOS-based textual displays have a lot going 
for them with a considerable work-relevant rationale behind them. 

Colour 

Colour is used sparsely in display design and for little other than highlighting 
purposes. Colour is not used for representational purposes, at least not alone. 
Colour is always attached to text. Colours do not appear attached to an iconic 
graphical object or to an abstract symbolic form. The colour 'palette' is restricted 
to red, blue, green and yellow. Again, this is not merely because control room 
personnel are being tolerant of or held back by DOS restrictions. In the VAM, for 
example, red versus green, flashing versus non-flashing, coloured versus plain, are 
used to indicate primary distinctions of relevance to the work of ambulance 
dispatch and cover maintenance. It is questionable whether more needs to be 
shown without introducing confusions which might be caused by reducing 
perceptual clarity (this restricted colour set allows the same discriminations to be 
made under different viewing conditions) or difficulties remembering a more 
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complex coding scheme. The restricted colour palette also enables all the greens 
(say) to be seen as instances of the same class. In other words, at-a-glance 
perceptual categorisation is possible, something which might be militated against 
if more varied shadings were used. Again, we do not deny that it might be possible 
to creatively use colour in displays. Rather, we note that simple distinctions, made 
with a limited colour palette, seem appropriate for supporting the cooperative 
work of ambulance controlling practiced in the fashion we have observed. 

Dimensionality • 

We have remarked that, for the purposes of the cooperative work of ambulance 
controlling, textual representations and displays seem most effective. If text has a 
kind of priority in display design, then so will lines and lists and fields (for input). 
Familiar reading practices can then be capitalised upon so that there will arise an 
expectation that a sense will be found reading a line from left to right and a screen 
from top to bottom. In the Incident Stack, for example, to the top are the incidents 
which are yet to be assigned and at the very top are the oldest, the most overdue. 
To the left of each line, one will find information to individuate the event (e.g. its 
time, its geographical fix in an abbreviated form), to the right information about 
what has been done (the ID of an ambulance mobilised, its distance from the 
event). In other words, while the screen can be considered a flat 2D display, this 
surface becomes enriched not just with text, colour, lines, fields, lists but also with 
incidents, locations, times, and a sense of urgency. Skills of normal reading 
practice give the user of such a display much. A working practical knowledge of 
ambulance controlling enables yet more to be read in. It is questionable whether 
other uses of the screen (for example as a graphically ornate representation of 
information) would give any more. Indeed, again the question arises as to whether 
such displays might distract through over-elaboration. 

Let us give an example to illustrate this last point. Perhaps the most 
aesthetically interesting screen within the control room is also the least used. The 
Automatic Vehicle Location System (AVLS) is a map-like display of the region 
containing representations of ambulances positioned by means of GPS data. This, 
while situated on the desk near the Dispatchers and Supervisors, is seldom 
consulted for a number of reasons. First, it only displays a part of the region at one 
time meaning that it needs to be scrolled through. In contrast, the VAM shows all 
the ambulances there and then. Second, estimating distances becomes a task of 
spatial judgement on the AVLS rather than simply reading figures or noticing blue 
highlighting on the Dispatch Selection Screen. Finally, ambulances which are 
close to one another geographically tend to appear on top of each other on the 
AVLS (e.g. if several are together at a station). The VAM, by contrast, separates 
out different ambulances and gives a clearer picture of the relative workload in 
different areas. 

The VAM shows ambulances with a geographical sensitivity that is 


