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This thesis contributes to our understanding of information tech-
nology use in emergency response work and how information
technology could be designed to provide support in emergency
response work. The work domain of operative emergency response
has been studied by extensive ethnographic fieldwork at several
different fire and rescue services in Sweden. Prototypes have been
design and used by fire crews in field experiments in order to probe
for potential future use of information technology and to study its
consequences.

The results presented in this thesis suggest that the design of
information technology should focus on the social interactions
among the response actors involved in time-critical response work.
In the collective efforts of making sense in emergency response,
actors use a range of information technology artifacts that produce
a range of digital traces that say something about the ongoing work.
Future information technology should be designed to make use of
such traces of actions in order to improve the visibility of the actors
and their actions in ongoing the response work.
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ABSTRACT

This thesis contributes to our understanding of information technology
use in emergency response work and how information technology could
be designed to provide support in emergency response work. The work do-
main of operative emergency response has been studied by extensive eth-
nographic fieldwork at several different fire and rescue services in Sweden.
Prototypes have been design and used by fire crews in field experiments in
order to probe for potential future use of information technology and to

study its consequences.

By using sensemaking as an analytical lens, new aspects in emergency re-
sponse work have been identified that influence the design of information
technology support. The results from the extensive fieldwork and the field
experiments presented in this thesis suggest a new conceptualization of re-
sponse work as patterns of practice where the collective efforts of making
sense is fundamental for successful response work. The conceptualization
makes visible the importance of carefully embedding the use of informa-

tion technology in the situated time-critical response work.
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Based on the patterns of practice, two general design dimensions have
been formed, extending our current knowledge of how information
technology should be designed for emergency response work. Current
information technology has primarily been designed for a formal role or
specific task. The results presented in this thesis suggest that the design of
information technology should focus on the social interactions among the
response actors involved in time-critical response work. In the collective
efforts of making sense in emergency response, actors use a range of infor-
mation technology artifacts that produce a range of digital traces that say
something about the ongoing work. Future information technology should
be designed to make use of such traces of actions in order to improve the

visibility of the actors and their actions in ongoing the response work.

By designing for social interactions and designing for traces of actions,
new improved features of information technology could be materialized
that will make emergency responders better equipped for sensemaking

activities in emergency response work.
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T INTRODUCTION

Modern society is vulnerable to disturbances or collapse of critical infra-
structure caused by accidents or natural disasters. Efficient responses to
such events are not only important in order to limit the consequences in a
human dimension but also from environmental, economical and political
dimensions.

During the last few years, disaster and emergency response has gained
increased attention by IS/IT researchers. Major efforts have been made
by national and local emergency authorities to design information tech-
nology that can support and improve the work on organizational levels,
inter-organizational levels, national levels and even global levels in case
of emergencies or crisis. Independently of the scale of an emergency,
information technology use in emergency response organizations aims
to provide improved ability to make competent actions in order to inter-
vene and take control over dynamic and unfolding situation. Traditionally,
attention has been primary paid to work in command centers as well as on
higher-level decision making in the event of emergencies. In the last few
years,information technology support has started to become an important
tool also for operative emergency response work.

To alarge extent, current academic research has not addressed the role
of information technology in practices with time-critical characteristics
as found in operative emergency response work. There are few empiri-
cal studies of operative emergency response work and there is a need to
perform such studies to be able to identify general characteristics and
form design implications for information technology support. Emergency
response work is a time-critical work practice, where periods of relative
low-intensity work are rapidly shifted into high-intensity work associated
with a high degree of ambiguity. Emergency response work is therefore a
valuable setting for investigating new design of information technology
for time-critical work practices.

1.1 RESEARCH AIm AND QUESTION

The aim of this thesis is to understand emergency response work, inform the
design of information technology use for such work and to improve time-
critical emergency response work. This knowledge is of increasing impor-
tance in the ongoing efforts at local and national levels of developing the
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response capabilities to everyday emergencies and large-scale disasters.
Accordingly, the research question in this thesis is: How can information
technology be designed to support emergency response work?

1.2 STRUCTURE OF THESIS

This thesis is a collection of five published peer-reviewed research papers
where each paper contributes to the synthesized result presented in this
first part of the thesis. The first part of the thesis serves as an introduction
presenting the research aim, background, theory and research approach.
The following section (section 2) provides the background for the thesis by
presenting emergency management, everyday response work and related
research. Section 3 presents sensemaking as the theoretical ground in this
study. The research approach is presented in section 4. The research contri-
bution is presented in section 5, including a brief summary of the papers,
a presentation of the prototypes used in this work, followed by the con-
ceptualization of emergency response work patterns, and finishing with
the two design dimensions designing for social interactions and designing
for traces of actions. Section 6 provides the conclusion.

The second part of the thesis consists of the five papers, presented in
chronological order. The papers consist of one journal paper followed by
four conference papers. An earlier version of paper 1has been awarded best
PhD-student paper and paper 3 has been nominated for best conference
paper. Paper 4 has been co-authored with Urban Nulden.

The five papers included are:

Landgren, J (2005). Supporting fire crew sensemaking enroute to incidents.
International Journal of Emergency Management. Vol2, No3. Inderscience
Enterprises Ltd.

An earlier version of this paper was published in: Landgren, J (2004).
Fire Crew Enroute Sensemaking, In the proceedings of International Work-
shop on Information systems for Crisis response and management, Brus-
sels, Belgium. (Awarded for best PhD-student paper)

Landgren, J (2005). Shared use of information technology in emergency
response work. In the proceedings of Second International Conference on
Information Systems for Crisis Response and Management (ISCRAM). Brus-
sels, Belgium.

Landgren, J. (2006). Making action visible in time-critical work. In the proceed-
ings of the Conference on Human Factors in Computing Systems (cH12006),
Montréal, Québec, Canada, Acm Press. (Nominated for best paper)

Landgren, ) and Nulden, U (2007). A study of emergency response work: Pat-
terns of mobile Phone Interaction. In the proceedings of the Conference on
Human Factors in Computing Systems (CH12007), San Jose, Us.

Landgren, J (2007). Investigating the tension between information tech-

nology use and emergency response Work. In the proceedings of the Euro-
pean Conference on Information Systems (Ecis2007), St Gallen, Switzerland.
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2 BACKGROUND

To minimize the risk and consequences of accidents and disasters, mod-
ern societies have professional organizations responsible for emergency
management. The organization, time-critical aspects as well as everyday
response work will be described in the following subsections in order to
present a comprehensive view of the key aspects of emergency manage-
ment for this thesis.

2.1 EMERGENCY MANAGEMENT

In order to approach the domain of emergency management, the concepts
of hazards, emergencies, accidents, and disasters will be briefly defined. A
hazard is a potential or existing condition that may cause harm to people,
property or the environment. An emergency is a sudden and unexpected
event threatening the safety of people, property or the environment and
therefore requires immediate action (Cronan,1998). Accident and disaster
signal the relative scale of impact of an event along temporal, emotional
and economical dimensions for a particular society. A series of unfortunate
events in hazardous conditions often result in an accident that has limited
impact on society but nevertheless a tragedy for the involved people. A
small-scale accident during dynamic conditions always has the risk of
escalating to become a disaster on a societal level.

2.1.1 ORGANIZATION

Emergency management could be conceptualized as consisting of the
following four interrelated functional areas; prevention, preparedness,
response and mitigation, which correspond to the disaster-life cycle
(Drabek & McEntire 2003). The responsibility for these functional areas
spans across several community organizations but the primary organiza-
tion for emergency management is the fire and rescue services (Cronan,
1998). Fire and rescue services have a distinct responsibility to prevent
accidents from happening and to respond to accidents whenever they do
happen. In Sweden, this responsibility is regulated by national laws. Fire
andrescue services are traditionally organized according to the functional
phases, prevention, preparedness, response and mitigation. In case of an
emergency with the immediate need to organize a response, a temporary
organization structure is formed to provide command and control (Heath,

1998). This organization is often referred to as the incident command struc-
ture (Bigley & Roberts, 2001) or the incident management system (Perry,
2003; Buck, Trainor, & Aguirre, 2006). The purpose of this organization is
to rationalize and organize emergency responders while simultaneously
enabling the integration of pre-planned resources into the response work
(Perry, 2003). One of the often-proclaimed key benefits of such a structure
is its ability to provide distinct authority and responsibility (Cronan, 1998)
in time-critical situations.

The organization of emergency response work is influenced by a com-
mand and control approach due to several factors. In the 19th century, fire
and rescue services were formed by civil-defense directors and personnel
with a military background leading to a paramilitary organization-style
as a consequence (Drabek & McEntire, 2003). Further, the command and
control approach has rational qualities and is influenced by classical man-
agement theory (Britton, 1989). The approach is also favorable due to the
government’s role in emergency and disaster response as the one having
the ultimate responsibility for the safety and the security of the citizens
(Schneider, 1992).

From the perspective of disaster sociology, the command and con-
trol approach has been heavily criticized for not taking into account the
emergent properties of emergencies, favoring concentration of decision-
making, putting too much emphasize on hierarchical communication, a
strong focus on pre-planning, and the assumption that chaos will always
follow a disaster (Britton, 1989; Dynes, 1994; Neal & Phillips,1995; Drabek &
McEntire, 2003). Instead, disaster sociologists emphasize that emergency
response operations should be organized based on a decentralized struc-
ture that better accommodates cooperation between professional actors
as well as viewing the public as a resource (Dynes, 1994; Neal & Phillips,
1995). Further, they also advocate that an emergent behavior is beneficial
to the extent that new organizational structures as part of the response
work function to bridge the potential organizational gaps in a specific
emergency (Britton, 1989; Drabek & McEntire, 2003).

2.1.2 TIME-CRITICAL RESPONSE

Response is one of four core functional areas of emergency management.
In this area, emergency responders are the key personnel responsible for
having the preparedness and ability to intervene instantly and rapidly in
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a situation where people, property or the environment is at risk as a con-
sequence of an accident or disaster. This means that time and temporality
(Zerubavel, 1981) are critical aspects in such work. Emergency response
work has specific work rhythms (Reddy & Dourish, 2002) and temporal
structures (Orlikowski & Yates, 2002). Such rhythms and structures could
be affected by the introduction of new technology (Shen, Yoo & Lyytinen,
2006). See paper 3 for a detailed presentation of the specific work rhythms
and see paper 5 for a detailed presentation of time, temporality.

Time-critical work such as operative emergency response work is dis-
tinguished from other types of work by a set of specific characteristics
(Orasanu & Connolly, 1992; Flin, 1996). First, the time-critical aspects are
related to the reactive nature of this work. There is a time-pressure on the
involved actors to physically intervene to the a sudden event in as short
time as possible (Burke & Hendry, 1997). Second, the time-critical aspects
are also related to uncertainties and ambiguities caused by incomplete
information. Third, the immediate actions are dependent on team-based
collective actions and are to a large extent irrevocable and irreversible.
Fourth, the situation is dynamic and evolving, leading to changing and
sometimes competing, goals. Fifth, the involved actors are working on dif-
ferent time-scales (Brehmer, 1991) depending on their role and responsibil-
ity (Fredholm, 1997).

2.2 EVERYDAY RESPONSE WORK

This chapter presents the work setting and work practice of firefighters.
This presentation will first describe the fire crew, a description of the tasks
during a workday, tools and training, and information technology support.
This section ends with a description of typical emergency response work.

2.2.1 THE FIRE CREW

A fire crew consists of four to seven firefighters and one fire crew com-
mander. The fire crew could be either part-time or full-time employed.
Part-time employed fire crews have normal jobs and are on call, standby
for alarms, every third or fourth week. This means that when they are on
call, and they receive an alarm, they are expected within five minutes to
proceed to the fire station, gear up and dispatch to the accident. In Swe-
den, part-time employees are common in fire and rescue services outside
the larger metropolitan areas. In contrast to part-time fire crews, full time

fire crews have their workplace at the fire station and when the alarm
sounds in the fire station speakers, they have ninety seconds to gear-up
and dispatch. A full-time fire crew is in many cases a very tight collective
of people, with a long history of working together, sometimes 10 years
or more. Traditionally, to fill the position after retired firefighters, new
members are often recruited based on personal connections with the local
sports community or among crafts workers. This process is under change
due to a new educational system where firefighters are required to meet
the standards of a two-year formal rescue and risk education. When people
retire from the fire and rescue services, many still continue to be part of the
social setting via the activities arranged by the veteran club.

2.2.2 THE STATION

Fire stations are often located centrally in cities and characterized by the
high communication tower and the five to ten garage doors for the rescue
vehicles. People in general sometimes overestimate how many firefighters
work at a specific fire station due to the range of garage doors of the fire sta-
tion. A typical fire station has only one fire crew of 5 to 8 people on shift.

When visiting a fire station, the garage with all the rescue vehicles are
often the first place that visitors will be shown to. The garage also consists
of a smaller mechanical shop for minor repairs. Adjacent to the garage,
large whiteboards and maps are attached to the walls presenting the dis-
trict and the people on call on the specific work shift. Each firefighter has
their own room during the work shift. These rooms are typically located
on the second floor and the fire pole provides rapid access from the sec-
ond floor to the vehicle garage. Almost all fire stations also have their own
gymnasium and a well-equipped gym with weight lifting gear, bikes and
treadmills.

On various places at a fire station, old-time equipment is displayed on
the walls signaling a long tradition of fire and rescue work. A fire station
has also a kitchen and a dining area where the fire crew eat their meals.
Depending on the size of the fire station, some stations also have a pub-
like socializing area, where fire crews arrange crew parties several times
a year. Meetings and formal education takes place in the classroom with
wall-sized whiteboards and stationary computers. The administrative
personnel and the fire crew commanders have their own offices equipped
with stationary computers and printers.
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2.2.3 THE WORKDAY

Atypical day starts around the coffee table fifteen or twenty minutes prior
the formal start of the work shift. This provides the opportunity for the
new work shift to small-talk with the fire crew finishing their shift, about
vehicle, equipment, tools and if they have had any alarms. A common
question is “well....have you had anything today?” The ‘anything’is a refer-
ence to any alarms and the type of alarms. The response could be “..no....
just a few automatic alarms’”.

When the workday formally starts, the fire crew meets in the vehicle
garage or in the classroom for the role assignment. Following the role
assignment, the fire crew commander informs the fire crew about brief
organizational news, the activities planned for the specific workday. One
of the key issues that is often discussed is the operating status of vehicles,
tools and equipment. This discussion is commonly triggered by informa-
tion from the previous work shift reports of malfunctioning equipment.

In order to have a high-level of preparedness and readiness for an
alarm, vehicles and critical equipment is tested. This test is conducted after
the role assignment and information activities. The test or status check of
vehicles and equipment is a practical procedure where the vehicles are
started, water is filled-up, the oxygen masks are checked and the ladder
on the ladder engine tested by a set of maneuvers.

A typical work shift for a fire crew is organized around training, tool
exercises and various types of smaller service jobs. Depending on the type
of work shift, the number of planned activities varies. The day work shift
includes several planned activities such as testing a particular rescue proce-
dure, visiting an industry-property for orientation or having a school class
visiting. The night work shift typically includes just a one activity such as
minor service jobs on the equipment. The twenty-four hour weekend work
shift includes often one major activity such as an incident exercise or a tool
exercise. Independent of the type of work shift, physical exercise is always
conducted during the shift, often in the fire station’s sport facilities.

Even if the normal workday for the fire crew is filled with scheduled
activities, everything is done with an understanding that the alarm could
sound at any moment. Many firefighters express that they are constantly
waiting for the next accident. This means that when the fire crew is sit-
ting in the classroom taking part in some formal training, when the alarm
sounds everything at hand is dropped and the fire crew dispatches to the

accident. In the middle of a very enduring physical exercise such as foot-
ball, when the alarm sounds, the fire crew is expected to be able to perform
their duties on a large-scale accident. During the night shifts, when the
alarm sound 03:00 in the morning, the drivers of the rescue are expected
to quickly wake up and within 9o seconds be able to drive at high speed
to an accident location.

As a consequence, fire crews have developed strategies to handle these
swift shifts of activities. During physical exercise, which is done on every
shift, extra clothes are positioned near the exit of the training facility. Many
firefighters sleep in t-shirt, socks and trousers or position their shirt and
trousers in order to improve a rapid transition between activities. These
two examples might seem trivial but signals a mind-set that rapid transi-
tions between activities is constantly maintained.

2.2.4 ToOLS AND TRAINING

Arescue vehicle could be viewed as a toolbox on wheels. Each tool or set of
equipment is positioned in relation to its intended use and often grouped
according to type of incident. Tools and equipment for traffic accidents,
such as the cutting-tools, are in one rack, equipment for chemical hazards
in another, handheld power tools in a third rack and the common water-
suppression equipment with nozzles and fire hoses are grouped together
over several racks.

The positioning of tools and equipment is done in order to provide tool-
deployment as fast as possible when arriving and working on the accident
site. Over time, old tools are replaced and new are added. When new equip-
ment is introduced, all fire crews on the fire station must first be instructed
in its intended use. During such education activity, the fire crew also has
the opportunity to reject a tool or set of equipment if it is collectively not
understood to meet the requirements by a fire crew. Further, even if a tool
or piece of equipment is added, it does not mean that the specific tool or
equipment will be used or used in such way as intended. The fire crew has
a form of use-mandate, which means that they decide when and how to
use the tools. Obviously, for some pieces of equipment such as equipment
for personal safety, the use-mandate is less evident.

The wide selection of tools and equipment also means that a signifi-
cant part of the training is focused on the tool and equipment deploy-
ment. Many tools are designed to be used in a system of other tools and the
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sequences of tool use need to be practiced. Tool-exercises are often done at
the fire station courtyard, having all members of the fire crew practicing
the various sequences. However, when it comes to fire extinguishing or
practicing interior search and rescue, the fire crew often go to specialized
training facilities.

2.2.5 INFORMATION TECHNOLOGY
There is a range of information technology artifacts and systems in place
to mediate communication in emergency response work.

One of the core technologies are radio communication devices. Each
firefighter in emergency response work is equipped with a radio handset in
order to provide communication within people in the fire crew. These radio
handsets are often placed in re-chargers inside the rescue vehicles. When
the fire crew mount the vehicle, the firefighters fetch a radio device and
put it in the radio-pocket of their jacket. In addition to the personal radio
handsets, each vehicle is also equipped with vehicle-mounted radios used
during transportation. The personal radio devices are set on a group radio
frequency whereas the vehicle radio typically is set on a frequency for com-
munication between the command centre and different rescue vehicles.

The widespread use of mobile phones in society is also evident in fire
and rescue services. Fire crew commanders, higher-ranking commanders
and administrative personnel use mobile phones as part of their everyday
work. Firefighters are typically not equipped with mobile phones. How-
ever, firefighters often carry their private mobile phone in the side-pocket
of their uniform. In emergency response work, many incident command-
ers rely heavily on mobile phone use for communicating with the com-
mand centre. The mobile phones provide a form of privacy in contrast to
the un-encrypted radio broadcasting. An indicator that mobile phones
are fundamental in this work setting is that some fire crew commanders
as part of emergency response have three different mobile phones; their
private phone, a phone to be used in everyday administrative work, and
one phone to be used in emergency response work.

In addition to personal communication devices, in the last few years
GPS-navigators have become a common technology in the rescue vehicles.
The navigators used in rescue vehicles provide support for route advice,
visualized on a map or by turn-by-turn advice, from a given location to
the accident location. These navigators are often commercial off-the-shelf

products either requiring explicit address input or having automatic
address location triggered by an address message form the command and
control centre.

In the last few years, mobile incident support systems have gained
increasing attention and interest by fire and rescue services. Mobile
incident support system consists of a set of applications integrated into
one system with the objective to support a range of task in the operative
response work. Mobile incident command systems include applications
for navigational support, access to maps, predefined response plans, prop-
erty information and access to hazardous material databases. Response-
plans consist of textual descriptions of the property, information about the
business activities, name and phone number to contact persons, specific
risks or hazard material, pre-determined entry-points to the buildings and
availability of fire hydrants on the accident location. It also includes photos
and/or schematic drawings of the buildings on the property.

The mobile incident support systems are designed to target the needs
and use of the commander of the fire crew. These systems are installed for
in-vehicle use in the front seat between the driver of the vehicle and the fire
crew commander. Touch-screen, keyboard and mouse are used for the user
interaction. Depending on the type of installation, the system could also
be used outside the vehicle on a tablet PC or laptop. The mobile incident
support system use often a combination of Mobitex/Gsm/GPrs/uMTs for
connection to command centre systems or back-end information systems.
The Mobile Incident Support Systems are typically targeting the need for
field operative commanders and the role of the incident commander.

2.2.6 EMERGENCY RESPONSE

Inevitably, emergencies do occur and the need of a rapid response by fire
crews becomes crucially important in order to limit the harm to people,
property and the environment. The following illustration of emergency
response work is a short version of a fire alarm presented and analyzed in
detail in paper 3.

The distinct sound from the fire station alarm speakers creates an immediate
interruption of the current ongoing activity. The fire crew experiences a sense
of awakening where the sudden alarmis forcing them to switch focus, listen
to the crackling sound when the command centre operator says:
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“Station B. Major Alarm. Automatic fire-alarm at
the Carl-Johan School, Admiral street seventeen.”

While the voice informs about the alarm, the firemen and fire crew com-
mander (FCC) proceed rapidly to the protective gears and rescue vehicles
in the ground-floor garage. On their way to the ground-floor the fire crew
speaks rapidly in short sentences clarifying the address and the driving direc-
tions to the location.

FCC: Did he say Admiral Street seventeen or seventy?

FIREMAN: Seventeen...it is on the east-end of the Admiral street.

The level of intensity is highly shaped by the 9o seconds turn-out time limit
and also strongly related to the type of alarm and the time of day. The rescue
vehicles leave the fire station and start the transportation towards the acci-
dent location. The fire crew commander has now assumed the role as inci-
dent commander.Radio contact is established with the command centre and
confirming that they are on their way. The command centre operator (CCO)
informs the incident commander about what is known about the accident
and what additional resources at this point in time have been dispatched.
Often, the words of the command centre operator are hard to hear by the
firemen sitting in the backseat. The incident commander repeats the infor-
mation to the fire crew. Suddenly the command centre operator informs:

CCO: We have received a call from the school and they say that
there is a fire in a hall-way of building C...you will get backup from
station C and station D with rescue and ladder units.

IC: That is acknowledged...did you say building C?

CCO: That is correct, over.

The time period of transportation provides the fire crew with a few minutes
for preparation of what will face them upon arrival. When arriving to the
accident site, visual impressions and the way civilians act on the location
influence the intensity of the intervention actions.Visual signs of emergency,
such as thick black smoke-clouds, flames out of the window of a building or

a severely crashed vehicle are triggering factors.

Based on the snap-shot visual impression of the situation a verbal report,
a window report, is provided by the fire crew commander, in the role of inci-
dent commander, by radio to the command centre operator. This report is
very brief and the work intensity does not permit any discussions or follow-
up questions, just a short confirmation from the command centre that the
report has been understood.

IC: (In vehicle F511): G400... F511 arrived... we have a fire and there is
heavy smoke from the hallway... | report back later.

CCO: F511 that is acknowledged.

This report is the first verbal formulation to the command centre that
explicitly captures what the situation is all about, based on a professional
responders understanding. The window report is communicated using the
radio allowing other fire crews enroute the accident location to take part of
the information. There can be significant differences between what a non-
professional has told in the 112-SOS call and what the commander reports
upon arrival.

When the fire crew dismounts the vehicles, the incident commander
starts a situation assessment and the firemen begin to deploy equipment
according to a pre-planned routine that corresponds to the situation at hand.
The situation assessment has the goal of providing fundamental under-
standing of the emergency in order to determine how to take control of the
situation and minimizing its consequences. During the situation assessment,
the incident commander uses the fire crew open radio channel to inform
about the situation that could require changes of the intervention tactics.

While the incident commander is conducting the situation assessment
the fire crew begins the physical intervention based on a set of coordinated
activities, where each activity contributes to the progression of the inter-
vention. The pace in this work is significant. The driver of the vehicle man
the pump, the breathing apparatus team (BA-team) starts to lay fire hose
and locate how to get close to the fire. In case of locked doors they apply
the “break-in” kit to get access. The action of breaking-in is reported back,
over radio, to the commander. When the BA-team is ready to move into the
hallway, they call over the radio to the pump operator who set pressure on
the fire hoses. The BA-team’s eagerness to start fire suppression as fast as
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possible puts pressure on the pump operator to have finished the appro-
priate actions to provide water. During these activities there is an intense
communication over the fire crew’s open radio channel.

After additional minutes, a status report is communicated to the com-
mand centre allowing the operators to update and prepare the arrival of
additional units. Status reports are communicated over the radio or a mobile
phone to the command centre. The following excerpt is from a mobile phone
conversation where the incident commander is providing a status report:

IC: We have a fire here in the hall-way, we have initiated
extinguishing. There are some cardboards and rubbish on
fire and heavy smoke. | would like to have station C prepared
to initiate search and rescue.

CCO: That is understood.

The command centre operator calls over the open radio channel to inform
the fire crew in the vehicles enroute about the situation and the task that
they should prepare for. Meanwhile a higher-ranking commander has arrived
as part of the build up of resources and need of additional command levels.
The higher ranking commander takes over the role as incident commander
after a brief situation update with the commander from station .

The incident commander and the fire crew commanders work on differ-
ent time scales. The fire crew commanders work close with their fire crews
and are directly involved in the physical work whereas the incident com-
mander provides distance, both physically and mentally, in relation to the
emergency, and is focusing on keeping multiple alternatives open for any
sudden changes of the progression of the response operation.

The unit from station C assigned to search and rescue has found addi-
tional floor levels that are filled with smoke. The incident commander imme-
diately contacts the command centre over radio:

IC: We have found additional smoke on level three
and four. When will station D be here, over.
CCO: Wait a moment.

CCO: They are arriving right now.

IC: Good, | estimate that we will be here for the next
hour, it will take some time to ventilate this building.

CCO: That is confirmed.

Eventually the building is ventilated and the search and rescue efforts work
finishes. The work of the fire and rescue services is coming to an end on the
incident location. Fire crews start to demobilize as soon as the work at the
incident location comes near completion. The incident commander informs
the command centre of the incident termination.

2.3 RELATED RESEARCH

Information technology for emergency response management is often
designed based on influences from a command and control perspective.
That perspective puts strong focus on concepts such as decision-makers,
hierarchical organization of actors, vertical unidirectional decisions and
information flows. These concepts have resulted in assumptions that
effective information processing could produce digital representations for
a common operational picture. Such representations would ensure that
necessary and vital information reaches the appropriate decision-makers
to make correct decisions, and from a holistic perspective give strategic
direction to emergency responders (Jungert, Hallberg & Hunstad, 2006).
Further, a study of firefighters’ work on the accident ground suggested
that radio-communication could be improved by designing radio-com-
munication features that address the hierarchical structure of emergency
response work level (Camp, Hudson, Keldorph, Lewis & Mynatt, 2000). The
concept of audio-horizon would improve radio communication between
individuals on different command levels by excluding communication
from individuals that are not vertically linked to the specific level (Camp,
et al, 2000).

However, there are several studies of command and control settings
that open for a deeper understanding. As will be shown below, studies
of command room settings and emergency responder work suggest a
complex work practice where the situated use of information technology
contrasts to the normative ideas of command and control. Studies of con-
trol-room operators and emergency dispatchers outline that decisions are
co-constructed inbetween the operators as a result of the awareness of the
capacity and workload of the work group (Heath & Luff, 1992; Normark,
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2002; Pettersson, Randall, & Helgesson, 2002). Such awareness has shown
to be provided by such simple means as over-hearing of radio-communica-
tion and the role of gestures for the cooperative work in control-room set-
tings (Heath & Luff, 1992). Design implications for information technology
to support those aspects of the work-setting call for ambient displays to
unobtrusively visualize the workload (Pettersson, 2004).

The continuous improvement in the capability of mobile technologies
and wireless infrastructure has dramatically changed how the mobile and
distributed work of emergency response could be supported (Stephenson
& Anderson, 1997). Now, when network connectivity for mobile and dis-
tributed actorsisless difficult, the attention has been shifted to investigat-
ing and formulating design principles and specifications on information
systems for emergency response management (Turoff, 2002; Turoff,
Chumer, Van de Walle & Yao, 2004; Yuan & Detlor, 2005). In such systems,
aiming to improve communication among all levels of emergency actors,
a secure and redundant infrastructure (Hale, 1997; Chen, Sharman, Rao &
Upadhyaya, 2005) becomes increasingly important in order to provide inte-
gration between mobile and centralized information systems (Meissner,
Luckenbach, Risse, Kirste & Kirchner, 2002; Andersson & Lindgren, 2005).

The improvements of mobile technology capability have initiated
a range of studies focusing on how information technology is used by
field operative personnel such as police officers, firefighters and medical
personnel. Considerable attention has been focused on the information
technology artifacts in use and the design of such artifacts.

Studies of the use of information technology in field-operative emer-
gency response settings have shown aspects of situated use that to some
extent stands in contrast to the more normative view of how information
systems should be designed and used. A study of the introduction of mobile
phones in police work (Manning, 1996) has shown how mobile phones
alter teamwork opportunities and tighten some relationships between
colleagues while loosening relationship to others. Studies of police patrol
work has showed that information technology provides a tension in the
relationship between police patrols and the dispatcher, regarding police
patrols’ entrepreneurial perspective and the dispatchers’ incident driven
perspective (Nulden, 2003a; 2003b). A study of police work has illustrated
the problem of introducing additional handheld communication devices
to police patrols causing problems of ready-at-hand and in-the-pocket in

safety-critical situations (Pica & Sorensen, 2005). Results from an evalu-
ation of mobile, in-vehicle information technology for police officers
illustrates the complexity of introducing information technology that
improves collaboration between dispatchers and police officers, while at
the same time conforms to the contextual demands of the field operative.
The lack of focus on the actual users during the development resulted in
a system that was difficult to use and therefore impaired the users’ work
safety (Marcus & Gasperini, 2006).

In the work domain of medical emergency response, design-oriented
studies have explored how information technology could improve the
work by focusing on the victim as the boundary object (Kristensen, Kyng
& Palen, 2006). Prototypes were designed targeting the challenge of pro-
viding patient identification and dynamic situational overview delivered
to expertise medical centers to provide improved collaboration with the
field personnel (Kyng, Nielsen & Kristensen, 2006).

Firefighting as collaborative work has been studied from a commander
perspective showing how accountability of the personnel’s status and
situation assessment are key issues in emergency response work (Jiang,
Hong, Takayama & Landay, 2004). That study resulted in design ideas using
mock-ups of wall-size displays to be used for visualizing available location
information and the position of personnel involved in the response work.
Further, pervasive technology has been designed to further explore how
sensors and peer-to-peer networks could improve communication reli-
ability and awareness of the ongoing actions (Jiang, Chen, Hong, Wang,
Takayama & Landay, 2004). These studies with their specific focus on fire-
fighters’ work on the accident location present innovative suggestions on
how information technology could improve emergency response work.

However, there are few studies that evaluate the design or the implica-
tions of such design in the intended work setting. A different approach
was taken in a study of information technology use as part of disaster
response, where the researchers brought their technology into the early
disaster relief work following hurricane Katrina. In that study, the objective
was to support the work by using a collaborative peer-to-peer application
on the relief personnel’s laptop computers. The result from this study
shows how coalitions were formed on an ad-hoc basis and how mobile
phones were a key technology to form these groups (Farnham, Pedersen
& Kirkpatrick, 2006).
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The above studies of emergency responder work and the use of infor-
mation technology have uncovered how situated aspects of emergency
response work present challenges when designing information technol-
ogy to provide improved support for collaboration between the distributed
actors. Research on emergency response work suggests that this type of
work has distinctive characteristics that need to be carefully addressed
when designing information technology to support such work. In con-
trast to the above studies where the focus have been put on describing
the impact of information technology in time-critical work practices or
improving task specific activities, this thesis focus on how information
technology could be designed to support the underlying and always
present activity of meaning construction. This thesis contributes to prior
research by exploring how meaning construction in terms of sensemaking
(Weick,1979;1995) provides a partially new perspective that uncovers new
design dimensions for the application domain of emergency response.

3 SENSEMAKING

In the beginning of my research, the dominant model to understand what
people do in their everyday work, was in terms of distributed decision
making (Brehmer, 1998). This was especially true for how I initially tried
to understand the work by emergency responders. However, after the first
few days of fieldwork and after a set of observations of incident response
work, I started to doubt.I could not see many decisions during emergency
response work. Obviously, people did in retrospect talk about what they
did during the response work in terms of decisions, but this was not to any
extent visible for me during the response work.

Over time I started to look for other theories. Naturalistic decision-
making (Klein, Calderwood & Clinton-Cirocco, 1988; Klein, 1997) and the
single option decision strategy (Klein, 1993) seemed initially as suitable
theoretical framework and I made a few attempts to apply their models
on my collected field data. After a while and in discussions with my col-
leagues an alternative perspective came to dominate my future work,
namely Karl Weick’s sensemaking theory (Weick, 1979; 1995). The shift to
sensemaking was partially based on the observations from one small-scale
accident clearly illustrating a breakdown of fire crew sensemaking. Now
in retrospect I would assign the analysis of that episode as the moment in
time when sensemaking theory became the theory for my work. The shift
to sensemaking theory should not be seen as an attempt of fitting the
world to a theory or vice versa but more as an effort of finding powerful
theoretical tools to explore a specific phenomena.

Sensemaking (Weick, 1979; 1995) has been used as an analytical lens
with which to investigate and understand people’s activities in time-criti-
cal work. This means that sensemaking theory has provided perspectives
and concepts that have been used as analytical tools to improve my under-
standing of important aspects of emergency response work. Sensemaking
theory has been used in a range of studies of organizations involved in
disastrous events (cf. Weick, 1988; 1990; 1993; 2001; Snook, 2000; Kayes,
2004).

Further, sensemaking theory has also been used to study IT in orga-
nizations and particularly IT-adoption (cf. Orlikowski & Gash, 1994; Hen-
fridsson, 1999). In this thesis, the objective is not to focus on how people
make sense of IT, but to focus on how people could make sense using IT.
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Few studies have adopted sensemaking theory in order to design IT that
improves sensemaking activities.

Sensemaking is both an individual and a collective process where
“reality is an ongoing accomplishment that emerges from efforts to cre-
ate order and make retrospective sense of what occurs.” (Weick, 1995). This
means that in contrast to decision making where the key question is what
shall we do?, in sensemaking the key question is: what is going on? At the
heart of sensemaking is the lack of fit between what is expected and
what is encountered (Weick & Meader, 1992). A fundamental aspect in
sensemaking is to understand that a person or a collective’s experiences
of a situation are progressively clarified, and that this clarification often
works in reverse (Weick, 1995). In order for people to make sense, they
must act, since, from a sensemaking perspective, it is understood that
action precedes understanding. People actively interact to create mean-
ing by the enlargement of small cues. The social context in which sense
making takes place affects what cues will be extracted. Further, the social
context also affects how the extracted cues are interpreted as well as the
revision of those interpretations based on the following actions and their
consequences.

The making sense is oriented towards the plausible rather than the
accurate due to the time criticality. There are occasions where sensemaking
is especially visible. Such occasions are triggered by ambiguity or surprise,
which means that people’s expectations conflict with what is experienced.
More information would here not reduce ambiguity but rather increase
the information load and sense of turbulence (Weick, 1995). An ambigu-
ous situation means a situation open for multiple interpretations. In order
for people to make sense in situations characterized by ambiguity they
need to bring order to an overwhelming flow of experience. They do so
by extracting pieces out from their stream of experiences to establish a
stable environment that they can inspect and assign meaning to. When
people experience ambiguity they start to engage in a set of sensemaking
activities (Weick & Meader, 1992). They start to interact with other people
to see what others see and negotiate a mutually acceptable version of the
situation. Further, people use multiple sources of insight for comparison
and they make effort to relate the ongoing situation to previous similar
experiences. These activities contribute to the construction of meaning in
a complex ongoing process.

In an emergency response perspective, this means that when profes-
sional actors intervene to an emergency they also “simultaneously generate
the raw material that is used for sensemaking and this affects the unfolding
of the crisis itself” (Weick, 1988, p. 305). Their actions affect the emergency
and the emergency affects their future actions. On the basis of this line of
argumentation, the term enactment is powerful in explaining the creation
of a stable environment; “when people act, they bring events and structures
in to existence and set them in motion” (Weick, 1988, p. 306). Enactment is
understood as a social process of “material and symbolic record of action”
(Smircich & Stubbart, 1985, p.726). The result of this process is an enacted
environment consisting of real objects such as toxic material, risks, people,
cargo wagons and valves. These objects are real but their meaning and
significance are subject to multiple interpretations (Weick, 1988). The
capacity in terms of the number of actors and the competence of those
actors available to act and interpret are crucial variables. However, the
acting and interpreting is not just an individual process but collective
processes (Weick, 1995) which means that successful interaction between
people in equivocal situations enable them to see more ways where they
can intervene to decrease the escalation of the crisis. The organization
and the environment are enacted through the social interaction between
the key organizational actors (Smircich & Stubbart, 1985). This means that
organization emerges through sensemaking, and not that sensemaking is
a product of organization (Weick, Sutcliffe & Obstfeld, 2005).
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4 RESEARCH APPROACH

The research presented in this thesis is based on an interest in investigat-
ing time-critical work practice and to study the use of technology in such
practice. The research has been inspired by the field of computer-supported
cooperative work with its strong focus on social interactions and the use of
ethnographic fieldwork to study and analyze work practices. Further, this
research is conducted with an ambition to contribute to IT-based organi-
zational change and a subsequent improvement of emergency response
work. The use of experimentation in field-settings has been inspired from
the field of human-computer interaction. Therefore, the research approach
consists of a combination of ethnographically inspired fieldwork and field-
experiments with prototypes as probes to study future work practice.

4.1 ETHNOGRAPHY

Ethnography with its roots in anthropology has experienced a signifi-
cant renewal and growth over the last decades in a variety of knowledge
domains (Wacquant, 2003) and in system design in the field of Information
Systems research (Harvey & Myers, 1995). On a broad level, ethnography
can be defined as “the art and science of describing a group or culture”
(Fetterman, 1998). Ethnography involves the study of people as part of their
everyday activities (Emerson, Fretz & Shaw,1995). In this respect, ethnogra-
phy is an appropriate method in order to study people in time-critical work
and fits well with the methods adopted when investigating sensemaking
(Weick,1995) and the methods suggested from the field of disaster research
(Phillips, 2002). By adopting an ethnographic approach (Hammersley &
Atkinson, 1995), I have had the opportunity to learn about emergency
response work and the firefighters’ social setting by making participant
observations, listening and asking questions. By spending a considerable
amount of time in this setting, I have been able to gain acceptance to make
observations and video-recording in emergency response work, listen to
and audio-record the professional actors’ verbal communications in criti-
cal situations, listen to how people in retrospect talk about emergencies,
and ask questions related to my observations in their social setting. The
outcome of these activities has been a deep knowledge about emergency
response work and insights in what firefighters experience as meaningful
(Emerson et al, 1995) and important in their work.

The objective of using ethnography in my work was to reveal aspects
of that work setting that most people are unaware of or unfamiliar with
(Snow, Morrill & Andersson, 2003), and bring social and organizational
contexts (Harvey & Myers,1995) into account when exploring information
technology design for emergency response work.

Ethnographic research is an in-depth or intensive research method
that is time-consuming (Myers, 1999), which is also true for my work,
which covers over 1000 hours of fieldwork. However, these hours consist
of shorter periods of fieldwork visits distributed over four and half years,
allowing me to pull back (Fetterman, 1998), make sense and reflect upon
the observations.

Ethnography has been widely used to study information systems in
organizations (Hughes, Randall & Shapiro, 1992; Orlikowski, 1992). The use of
ethnography to study the use of information technology is highly influenced
by the seminal work on human-machine communication (Suchman, 1987)
and studies of office conversations (Wynn, 1991). Ethnography in systems
design may serve the following purposes; to study information technology
use (Heath & Luff, 1992), to inform the design and redesign of information
technology (Hughes, King, Rodden & Andersson, 1995), and to evaluate a
design (Twidale, Randall & Bentley, 1994). In my work I have used ethnog-
raphy to study the work setting and derive design implications that could
inform the design of information technology. The research papers in this
thesis; paper 1,3 and 4 are examples of using ethnography to inform design.
Using ethnography for evaluation purposes such as in field experiments as
presented in the research papers 2 and 5 are examples of such approach.

However, using ethnography in systems design is not uncontested. A
commonly expressed critique argues that ethnography in many cases is
used merely for requirements capturing and misses the analytical per-
spective. This reduces ethnographic texts to impressionistic accounts of
what people did (Anderson, 1994; Forsythe, 1999) and to a large extent
misses how people do what they do (Button, 2000). This problem does not
stem from ethnography itself but from the various ways ethnography is
adopted. In my research I have adopted sensemaking as a primary theory
for understanding emergency response work, and specifically used sense-
making as an analytical lens to analyze field data.

By applying key concepts from sensemaking theory, I have explored
how people interact in an emergency response work practice, and made
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visible aspects of that practice that is important when designing infor-
mation technology to support such work. This means that the analytical
perspective in my work has been the construction of meaning in time-
critical work and how time-criticality causes contextual challenges that
a designer of information technology should address. The descriptive
accounts have made visible emergency response work practice for system
designers focusing on how information technology could support mean-
ing construction.

Design implications from ethnographic research are not necessarily
exhaustive but provide implications for a possible design that needs to be
evaluated (Hughes, Randall & Shapiro, 1992). The descriptive accounts in
combination with design implications from my research should not neces-
sarily be viewed as guidelines for one possible design but as insights in a
variety of possible designs.In this sense, this thesis provides a few insights
in how information technology could support and innovate emergency
response work.

4.2 DATA COLLECTION TECHNIQUES

A range of different data collection techniques have been used as part of
my work, including participant observation, interviewing, video and audio
recording and document analysis. All these techniques fit well in the tradi-
tion of ethnography.

In emergency response situations participant observations (Ham-
mersley & Atkinson, 1995) have been used as the primary technique to
get a personal and hands-on experience of the dynamics of emergency
response work. Emergency response work means that a fire crew becomes
distributed across the location making it hard to study all of them at the
same time. Therefore, the focus for my observations has been to follow the
field commander, assuming the role as incident commander. The choice
has been to study the key actor and the communication and interactions
associated to that person and the mediating technology. The observations
have been documented as field notes in a paper notebook and later tran-
scribed and further expanded.

On several incidents, video material have been recorded using a hand-
held camera as part of the ethnographic fieldwork (Pink, 2002). The video
recordings have also been used to capture sequences of interactions and
communication for detailed interaction analysis (Heath & Hindmarsh,

2002). For the same reason verbal communication was recorded using a
digital recorder. Verbal communication includes radio-talk, mobile phone
communication as well as face-to-face discussions. Episodes of this large
audio material were later transcribed.

Interviews have been conducted after larger incidents in order to
capture, in retrospect, key events of the incident from the perspective of
the emergency responders. The interviews were semi-structured (Patton,
1990) and conducted with groups as well as with individuals. All inter-
views were made at the rescue services during the normal work shifts.
The purpose of these interviews has been to complement the participant
observations and to collect data from the perspective of actors not covered
by the observations.

In addition to the above mentioned data collection, formal and infor-
mal documentation (Hammersley & Atkinson, 1995) produced as part of
the emergency response work has also been collected. The documentation
consists of the rescue services paper-notes and computerized command
logs from the command post at the accident location and also logs from
the dispatch system at the command centre, and logs from incident man-
agement system.

4.3 EXPLORING EMERGENCY RESPONSE WORK

This thesis builds on an extensive field study initiated in 2002 including
over 1000 hours of fieldwork investigating the work of emergency respond-
ers. The purpose of the ethnographic study has been to study emergency
response work to inform design of information technology to support such
work.

The ethnographic fieldwork has largely been conducted at the rescue
services in Goteborg. However, shorter periods of fieldwork have also
been done at the rescue services in Stockholm, Lund, Luled, Sodertorn,
Vilhelmina, and Munkedal. The selection of rescue services covers both
metropolitan areas and less populated areas, as well as smaller and larger
rescue services organizations. In addition to this, two minor field visits
were also conducted to Tilburg Fire Services in the Netherlands and San
Francisco Fire department in the US. The common denominator across all
the different rescue services is the size and structure of the fire crew. The
size of the studied fire crews consisted of one fire crew commander with
ateam of 5 to 7 firefighters.
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The unit of analysis in this work has been the fire crew and the fire crew
commander in emergency response work with a specific focus on the early
phases of response work from dispatch, arrival to the accident location and
initial response work. However, emergencies are not scheduled or known
in advance, which means that a significant part of the data collected dur-
ing the fieldwork also includes non-emergency activities. Following fire
crews and field commanders as part of their everyday work, has resulted
in a deep understanding of the work setting, the work practice and how
the non-emergency and emergency response activities are interrelated.
Further, I have also studied higher ranking field commanders in more
complex response work giving me the opportunity to get insights and
knowledge about coordination aspects between field operative work and
the command centre work. Having said this, one should not forget that the
focus of my research is on the field operative emergency response work.

The studying of emergency responders has been accomplished by fol-
lowing fire crews and field commanders during their normal work shifts
which include, 10 hour dayshifts, 14 hours nightshifts and the 24 hour
weekend shifts. During these shifts, I used the same type of uniform and
protective clothing as the fire crew in order to blend in as well as for safety
reasons. I have participated in the everyday work of emergency respond-
ers including both non-emergency work and emergency response. Non-
emergency work includes activities such as training, meetings, education
and service tasks. Emergency response work covered in this thesis ranges
from small routine incidents such as false alarms (Paper 1), minor fires and
traffic accidents to larger incidents such as house fires, school fires (Paper
3), and chemical incidents (Paper 4).

4.4 EXPLORING TECHNOLOGY USE IN FIELD EXPERIMENTS

In order to further investigate the role of information technology in
emergency response work a series of prototypes have been designed and
used in field experiments. During the work with this thesis, three differ-
ent prototypes have been developed, in cooperation with students from
the mobile service master program at the IT-university in Goteborg. The
prototypes have had a limited set of functionality targeting specific issues
for our explorations of a future work practice. The purpose of the proto-
types was to further explore key aspects of the work practice, identified in
the field data. These aspects have been transformed into implications for

design and also partially implemented in the prototypes.

The fieldwork provided valuable insights in understanding the com-
plexity of the work practice and identifying what aspects are fundamental
and important. Based on the analysis of the field data, a set of design impli-
cations were derived. These design implications, target specific dimensions
of the work practice where information technology could improve emer-
gency response work. The functionality in each prototype manifests a sub-
set of these design implications. The field experiments served the purpose
of exploring the design of each prototype in the intended use context. The
objective was not to verify the design but to use the design as trigger for
further exploration of the use of information technology in emergency
response work and to investigate the impact of such technology on the
work practice.

Evaluative ethnography (Hughes et al, 1992) has been outlined as one
form of ethnographic inquiry when the focus is on evaluating and validat-
ing a new design in a specific work setting and in as real situations as pos-
sible (Twidale et al, 1994). In the field experiments, evaluative ethnography
has been the method of inquiry, but by using the prototypes as triggering
artifacts (Mogensen & Trigg, 1992), the unit of analysis was shifted from
the designed artifact itself (i.e. the prototype) to the work practice and pos-
sible improvements.

Triggering artifacts, originating from participatory design (Mogensen
& Trigg, 1992; Blomberg et al, 1993), are used to trigger the analysis of cur-
rent work practice for the purpose of change (Crabtree, 2003). The artifact
is used to trigger a reaction that will uncover important aspects of the
work practice in relation to certain type of technology or functionality.

4.5 ANALYSIS

The collected data has been analyzed along the dimensions of relationships,
response work and artefact. Key unit of actors have been identified with
a description of the characteristics of their relationships. Over time along
with the continuation of the field work, this understanding of the actors
and how their relationships function has been progressively clarified. The
artifact dimension has been used to focus the analysis how the emergency
responders talk about their core artifacts categorized along physical tools,
equipment and information technology. I have identified characteristics
that constitute a good tool by mapping how tools and equipment are used
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in emergency response work and how fire fighters talk about their tools.

Emergency response work has been analyzed according to the follow-
ing procedure. Observations during response work have been documented
as field notes and after each full-day of data collection transcribed and
expanded into field records. These field records have been analyzed by
repeatedly reading the records several times in order to identify critical
episodes. Such episodes could be interactions between key actors as well
as unfolding ambiguous events. In such episodes, specific attention has
been paid to the type of information exchanged and the technology used
in such interactions. Key episodes have been time-stamped and tagged
with the associated actor and location.

Audio recordings have been analyzed by repeated listening, not only
to what is said which is found in the transcripts, but also to how certain
things are said, by whom to whom. Video recordings have in a similar way
been analyzed by repeated viewing. The analysis of audio and video has
been focused on sequences of face-to-face interactions as well as sequences
of document exchanges and the use of communication devices. Extracted
sequences have been time-stamped and tagged with the associated actor
and location.

Formal documentation, such as incident reports and command logs, as
well as informal documentation such as paper notes, lists of phone num-
bers, have been collected and compiled into a document log tagged with
actor, time and location.

The analysis has continued by aligning the field records, audio
sequences, video sequences and document logs to a general incident time-
line. The time-line analysis started with the field records being analyzed
and compared to audio, video and document data for each moment along
the time-scale. This procedure has been repeated for each type of collected
field data in an iterative process. This process has resulted in a rich set of
descriptions of actors, interactions and critical events. In a few occasions
(see paper 4), the incident time-line with associated data has been pre-
sented to a subset of the involved actors in retrospective interviews about
the specific incident. The analysis has resulted in a set of critical issues in
response work (paper 1), large-scale work rhythms (paper 3) and interac-
tion patterns (paper 4).

Data from field experiments has been analyzed according to the fol-
lowing procedure.

The transcribed field notes in the form of extended field records and
video material has been compared to my prior ethnographic material in
order to determine the potential difference between data from exercise
alarms and real emergencies. Sequences from the video recording have
been selected and examined in order to get a detailed view how the
prototypes were used in the social interactions. The video data has been
analyzed by mapping video sequences from the field experiments to
the corresponding phase in the work patterns. Each sequence was then
analyzed to explore the order of how specific features of the prototypes
were used. Finally the sequences were analyzed by examining how the
prototypes formed the conversation among the fire crew in relation to the
specific phase in the work structure. Data from follow-up workshops has
been analyzed by organizing the data into a set of themes addressing spe-
cific concerns expressed by the participants regarding the prototypes they
had used. These themes were then examined against the video analysis
of the prototype use in order to examine a particular interaction concern.
The analysis process has resulted in a set of issues (see paper 2 and 5) that
should be accounted for when designing information technology for
emergency response work.
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5 RESEARCH CONTRIBUTIONS

The results and contributions of my research will be presented in this
section including a very brief summary of the papers, a presentation of
the prototypes used in this work, followed by the conceptualization of
emergency response work as patterns of practice, and finishing with the
two design dimensions designing for social interactions and designing for
traces of actions.

5.1 THE PAPERS

The five research papers included in this thesis are briefly presented in this
section. The table below provides the chronological order of these papers
along with each papers primary characteristics and relation to the accu-
mulated time of the extensive fieldwork.

ACC. HOURS
YEAR PAPER TYPE
OF FIELDWORK
PAPER 1 « Ethnography
200 Supporting fire crew ) 00 hours
> sensemaking enroute to + Design 7
incidents. implications
PAPER 2
Shared use of information - Field
2005 ) ) 800 hours
technology in emergency experiment
response work
PAPER 3 - Ethnography
2006 Making action visible in - Design 800 hours
time-critical work implications
PAPER 4 « Ethnography
500 A study of emergency ) 1000 hours
7 response work: Patterns of + Design -
mobile phone interaction implications
PAPER 5
Investigating the tension )
) ) - Field
2007 between information ) 1000 hours
experiment

technology use and
emergency response work

Table: Chronological order of the research papers

PAPER 1— SUPPORTING FIRE CREW

SENSEMAKING ENROUTE TO INCIDENTS

Landgren,J (2005). Supporting fire crew sensemaking enroute to incidents.
International Journal of Emergency Management. Vol 2, No 3. Inderscience
Enterprises Ltd.

This paper presents data from a single small-scale emergency as part of
an extensive ethnographical field study. A detailed analysis of sensemaking
in a fire crew enroute a small-scale emergency is outlined. Sensemaking
theory is applied as an analytical lens, aiming to explain the communica-
tion between the command centre operator and the fire crew in terms of
sensemaking. Further, implications for the design of information technol-
ogy use for supporting fire crew sensemaking enroute to incidents.

PAPER 2 — SHARED USE OF INFORMATION
TECHNOLOGY IN EMERGENCY RESPONSE WORK
Landgren, J (2005). Shared use of information technology in emergency
response work. In proceedings of the Second International Conference
on Information Systems for Crisis Response and Management (ISCRAM)
18-20th April. Brussels, Belgium

This paper presents results from a field experiment of IT-use in emer-
gency response work of a fire crew. A prototype has been developed to
probe for instances of sensemaking supported by IT-use in such work. The
findings have been analyzed in relation to research on design of emer-
gency management information systems and sensemaking theory. Key
findings from the field experiment suggest that there is a potential conflict
between the role-based emergency

management information systems and the shared use of information
technology of first responders.

PAPER 3 — MAKING ACTION VISIBLE IN TIME-CRITICAL WORK

Landgren, J. (2006). Making action visible in time-critical work. Conference
on Human Factors in Computing Systems (cH12006) , Montréal, Québec,
Canada, Acm Press. (Nominated for best paper)

This paper presents descriptive accounts from an ethnographic study
of time-critical work in the domain of emergency response and the opera-
tive work of fire crews. The verbal communication as part of such work cre-
ates difficulties in providing accountability of the fire crew’s actions. The
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concept of work rhythms and temporal structures is used as an analytical
framework. Design implications are presented suggesting that verbal com-
munication should be made persistent, visible and accessible in order to
support accountability. These design implications are discussed in relation
to the fire crew’s work practice.

PAPER 4 — A STUDY OF EMERGENCY RESPONSE WORK:

PATTERNS OF MOBILE PHONE INTERACTION

Landgren, ) and Nulden, U (2007). A study of emergency response work:
Patterns of mobile Phone Interaction. cHI2007, San Jose, us.

This paper presents descriptive accounts of time-critical organizing in
the domain of emergency response. Patterns of mobile phone interaction
in such work is analyzed showing how the dyadic exchange of mobile
phone numbers between the actors plays an important role in the social
interactions in the organizing and sensemaking of the emergency. Enacted
sensemaking is used as an analytical framework. Implications for design of
emergency response information technology are outlined and discussed.

PAPER 5 — INVESTIGATING THE TENSION BETWEEN INFORMATION
TECHNOLOGY USE AND EMERGENCY RESPONSE WORK
Landgren, J (2007). Investigating the tension between information technol-
ogy use and emergency response work. Ecis2007, St Gallen, Switzerland.
This paper presents results from an investigation of information tech-
nology use and time-critical work response work. A major challenge of
mobile information technology use in time-critical work settings is to
balance the temporal impact on the work practice caused by the technol-
ogy. Results from a field experiment indicate how technology could be
designed to comply with temporal aspects in a work practice characterized
by rigid temporal structures. This paper contributes to previous research
on the inter-related relationship between the temporal aspects of the work
practice and the use of information technology.

5.2 PROTOTYPES IN ACTION
This section presents the prototypes used in my research. These prototypes
should be seen as both important instruments for conducting this research
as well as independent results.

In a series of field experiments in 2004 and 2006, three prototypes were

putinaction as triggering artifacts. The field experiments were conducted
as part of the participating fire crew’s normal work-shift. The field experi-
ments served different purposes and where conducted with prototypes
ranging from low-fidelity standalone prototypes to low-fidelity networked
prototypes. All prototypes were used on Tablet PCs due to their mobility
and relatively large screens suitable for collective interaction.

The purpose of the 2004 experiments was to explore how information
technology could support collective sensemaking among the fire crew
(Paper 3). The series of experiments in 2006 aimed to investigate how
information technology could support sensemaking in a context also
including external actors on the accident site (Paper 5). The three proto-
types are Resqpad, Rescuelab and Incidentweb.

YEAR 2004 2004 2005 2006
aTy Goteborg Goteborg Goteborg Goteborg
TYPE OF Railroad
I — Factory Factory facility Factory
ResoPAD REscUELAB INCIDENTWEB INCIDENTWEB
Standalone Standalone Network Network
PROTOTYPE - -
application application enabled enabled
application application

Paper 5 Investigating the
tension between information
technology use and emergency
response work.

Paper 2 —Shared use of
information technology in
emergency response work.

Table: Field experiments

5.2.1 REsoPAD

The Resqpad-prototype was designed to explore how firefighters could
access location-specific information to form their actions as part of the
response work. Resqpad was developed by a group of master’s students
part of the research project. The prototype consisted of an application run-
ning on a Tablet PC. One of the key functionalities was the ability to draw
simple sketches on top of underlying geographical information such as
maps, aerial photos and building blueprint of a particular location. The

DESIGNING INFORMATION TECHNOLOGY FOR EMERGENCY RESPONSE

41



42

key feature of the prototype was the functionality to distribute these
sketches to other users with the same application. The information about
a particular location was stored locally in the application and did not allow
for multiple locations. Resqpad was used in a field experiment with the
objective to explore the use and effects of the sketch functionality. The field
experiment showed that simple sketches superimposed on top of location
information provided support for the incident commanders situation
update. The material mediated by the prototype improved the capacity
to make sense of the location in face-to-face interaction. The following
excerpt illustrates briefly how the incident commander (IC) updates the
other firefighters (FF) on a fictitious situation.

ACTOR  CONVERSATION GESTURE PICTURE
IC: So you are from the Garda fire crew?
FF: That is correct.
We have a fire in the eastern side of Pointing on the
1C: - ) A
the building. map overview.
FF: Hmm.

The access road is here, so we are now
standing on the field over here.

FF: Yes.

I want you to approach from the
IC: northern side to secure these
storage rooms.

Switching to
blue-print.

FF: Yes.

Our guys have entered the
IC: building from this side and
the fire is localized here.

FF: Alright.

Your task is to approach from this

IC: northern side.
Good, we will get started, and which
FF:
channel should we use?
IC: 85B.
FF: Okay.

Table: Communication excerpt of RescuePad use

Picture A Picture B

The results from the field experiment provided valuable insights regard-
ing the use of information technology in social interactions as part of the
response work. Providing improved support for social interactions was
further explored in Rescuelab.

5.2.2 RESCUELAB

The RescueLab-prototype was developed as part of a project tightly involv-
ing a fire crew in the design work. One of the key issues was to investigate
if information technology could support the fire crew’s sensemaking
activities in response work.

In this project, two master’s students developed the RescueLab-proto-
type, which to some extent had a functionality similar to that of Resqpad,
with more details regarding location specific information. The project
resulted in a standalone application with features allowing the users to
change the level of details in the location specific information such as
maps, blueprints, textual information, aerial photos and risk information.
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Screenshots of the Rescuelab user interface

The three buttons on the bottom-side of the interface provide navigational
access to information targeting the different phases during response work.
The buttons on the right-hand side provided support for manipulating the
level of details of the specific information.

The prototype was used in a field experiment at an industrial facility.
The following excerpt from the field experiment illustrates how the fire
crew made sense of the incident location at the factory premises.

IC = Incident commander, DRIVER = driver of the vehicle,
FM = Fire Crew Foreman

ACTOR CONVERSATION GESTURE PICTURE

If one looks from the
IC: Landstrikestreet, then it should
be somewhere here .

Pointing on the
screen.

IC: Take it [the tablet pc].

The IC hands over
It's the back of the factory you the device to the
see from up there. senior fire fighter

in the backseat.

DRIVER:

Yes, no other side of the factory
IC: is visible to him [the alarm- A
caller].

There is, up there...is the Leaning forward

FM: Landstrikestreet. showing the B
screen.
The IC turns round

IC: Uhu huh. and looks at the
screen.

FM: Hmmm...at the back...

Table: Communication excerpt of Rescuelab use

Picture A Picture B

The primary result from the field experiment show how the location maps
provide material for sensemaking by improving the ability of using refer-
ence points to determine the plausible location of the incident location.
The location maps provide cues to the people in the vehicle about the fac-
tory surroundings. Together with their prior experiences this forms the
commitment of where on the premises to proceed. For a full description
of the field experiment and the results see paper 2.

5.2.3 INCIDENT WEB
In contrast to the previous prototypes, being stand-alone applications, the
objective here was to design a platform for mobile information access and
information sharing between distributed actors, such as the fire crews and
the command centre operators.

The design process resulted in a low-fidelity web-application to pro-
vide functionality to mediate information that is typically stored in orga-
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nizational information repositories such as property information. Features
were designed to allow information sharing on an ad-hoc basis for a spe-
cificincident as part of the response work. Further, a limited message board
was also provided in order to provide functionality to share information
emerging during the response work. The web application was developed
using cgi/perl and html and due to its low-fidelity design it is available for
any mobile device with a web browser and internet-connection.

degatan 15
tuiitt AB Spadegatan 15

Screenshot of the Incident Web user interface  Incident Web in action

The Incident web was used in a series of field experiments. In the first
field experiment involving two incident commanders and one command
centre operator, Incident web was used to explore information-sharing
based on geographical and risk information distributed by the command
centre operator. Two senior commanders were provided with a tablet PC
with UMTS-internet connectivity. The command centre operator used a
desktop PC in the command centre work setting. The senior commanders
communicated over cell-phone with the command centre operator and
requested maps, documents and aerial photos covering different aspects of
the incident commanders’location. This field-experiment had insignificant
levels of time-criticality. Nevertheless, in the relevant context, it served the
purpose of making an initial test and exploring how information-shar-
ing could be supported by very simple means. Further, the experiment
did also function as a test if commercial UMTS-connections had enough
‘real’ capacity to transfer emergency response related data. Reflections by
the command centre operator and the incident commanders concluded
that a) the data transfer capacity was acceptable, b) using a web browser
to access incident specific information was easy and provided a sense of
familiarity with other applications, c) requesting information involved a

degree of negotiation between the actors in order to determine the content
to deliver. Based on these results, the next step was a field experiment
where the prototype was exposed to a time-critical work setting.

In the following field experiment, the fire crew was equipped with two
tablet PCs running incident web application. The fire crew commander
used one prototype and the second prototype was used by the firefight-
ers. The time-critical dimension of this field experiment was targeting
the issue of how the fire crew and fire crew commander would be able
to use the prototype in the dynamic use context. A key concern was to
identify how the fire crew commander and fire crew would use the system
in relation to a relative short mobilization phase. The following excerpt
illustrates how the prototype was used in the interaction between the
fire crew commander (FCC) and a company representative (CR) during the
initial situation assessment.

TIME' ACTOR CONVERSATION COMMENTS/GESTURES

09:14 FCC: What sort of things do you have Pointing at the building

up there? blueprint on the screen.
Radio call from the firemen
09:16 informing that they are at the
top floor.
It is the location to count all the
09:25 CR:

garments

09:29 FCC: Garments.

Itis aloading station up there
and we send it all down through
pipes on the other side of that
wall.

09:30 CR: Pointing on screen.

09:36 FCC: Okay.

Where do you....where do you
09:39 FCC: store the hazardous material...it
says you have 2000 litres.

Switching view to
objectinfo.
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Yepp, it is stored in the room
09:50  CR: thirty meters down this hall on
the right side.

Pointing with his hand
down the corridor.

Table: Communication excerpt of Incident Web use

"Minutes and seconds

The excerpt illustrates how the prototype is providing means in order to
make the situation assessment based on information covering both build-
ing layout and hazardous material. The company representative provides
location specific knowledge, which helps the fire crew commander in
understanding not only the building specific structural properties but also
the very activities taking place in the building. The results from this field
experiment, in detail presented in paper 5, show how a condensed interac-
tion-time window formed the users’ interaction with the prototype.

5.3 PATTERNS OF PRACTICE

The section presents a conceptualization of emergency response work
practice using sensemaking theory as an analytical lens. The patterns
of practice make visible important aspects of emergency response work
practice that previous studies have paid no attention to. The three patterns
of practice illustrate also that sensemaking theory is applicable to analyze
and to conceptualize emergency response work. These patterns are generic
in all emergency response work. Each pattern has its specific characteristic
that influences the emergency responders’ actions. In this thesis, these pat-
terns are addressed with the objective of designing information technol-
ogy that could support the time-critical work of emergency response. The
three patterns and characteristics are; mobilization and initial expecta-
tions, intervention and the construction of emergency context, and situ-
ational adjustment and the transformation of ambiguity into risk. Based
onthese patterns of practice, two general design dimensions are presented
in section 5.4 and 5.5, addressing key features for designing information
technology to support emergency response work. These two dimensions
are applicable across the three patterns of practice.

5.3.1 MOBILIZATION AND INITIAL EXPECTATIONS
When emergency responders are mobilized and dispatched to an accident

location, they start to prepare for the task and situation they expect to face
on arrival. However, there is often a difference between what one expects
and what is eventually encountered.

Conversation among the firefighters and individual preparations such
as mental simulation are also understood as important activities enroute
to the accident location. The collective and individual preparation pro-
duces expectations formed by the fragmented information at dispatch,
contextualized by the firefighters’ knowledge and of the accident location
and experiences of similar accidents. When the gap between what one
expects and what one encounters is significant, it takes time and effort to
shift focus to bring forward additional aspects of the new situation and to
make sense of the situation. Therefore, information delivery is understood
as critical during the few minutes from dispatch to arrival to the accident
location. Information delivery does not exclusively include accident infor-
mation provided by the caller and mediated by the command center. As
is shown in paper 1 and paper 5 it includes location specific information
that can trigger the firefighters’ prior experiences related to the specific
accident. Location specific information involves maps, building blueprints
as well as object specific information or hazardous material information.
The combination of situation specific information with location specific
information provides the key material for the ability to make sense of an
accident and to rapidly align expectations to what is encountered. During
transportation to the accident site, information such as maps, building
blueprints and hazardous material information does not only describe
what the firefighters will encounter in terms of location but it also triggers
the preparations to what they could encounter in terms of situation. The
information is critical in order to contextualize the specific emergency and
to orient the firefighters’ expectations to what is plausible in relation to the
fragmented and sometimes ambiguous incident information.

5.3.2 INTERVENTION AND THE CONSTRUCTION OF EMERGENCY CONTEXT

The physical intervention by the emergency responders consists of
immediate actions to target the urgent needs for the people harmed or
at risk by the accident. These actions provide material to make sense of
the situation by putting new aspects of the accident context in focus. The
objects on the accident site are real but the meaning of them might differ
among the emergency responders and they are open for interpretation.
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By putting certain aspects in focus and negotiate the meaning of them, an
enacted accident environment is formed. The process of constructing and
enacting an emergency environment is highly dependent on the ability to
interact and share information within the evolving network of emergency
responders. Paper 4 illustrates how temporal aspects affect how informa-
tion might be shared and how the work rhythm of the intervention affects
when and how emergency responders make time for interaction. Paper 5
illustrates how the construction of the emergency environment is highly
dependent on the capacity of the involved actors in the response work. In
order to increase the capacity to make sense of a large-scale emergency,
new competences are needed. These competences are found in profession-
als in external organizations. The capacity to make sense of a large-scale
emergency is highly dependent on the ability to organize and manage an
evolving network of actors. The inclusion and legitimizing of actors affect
the construction of the emergency response context. The key concern here
is how to organize this evolving network of actors and to include only those
actors that will improve the capacity to make sense of the emergency.

5.3.3 SITUATIONAL ADJUSTMENT AND THE
TRANSFORMATION OF AMBIGUITY INTO RISK
Akeyissue in emergency response work is to reduce ambiguity. The time-
critical qualities in emergency response caused by limited or fragmented
information means that even in routine incident work, some degree of
ambiguity always exists. This means that ambiguity needs to be addressed
by actively transforming ambiguity into risk (Weick, 1988). Such actions
are of crucial importance in emergency response work and take place in
interactions between emergency responders, external actors and people.
Effective interactions are dependent on a successfully organized response
network. When a response network is organized, the capacity to make
sense of ambiguous situations improves. Interactions, such as conversa-
tions between the emergency responders, professional actors and people,
produce the material for sensemaking resulting in a transformation of
ambiguity into risk. When ambiguity has been transformed into risk, new
meanings of the situation will emerge and form the subsequent actions.
By transforming ambiguity into risk, the response actors could there-
after apply routines, material and personnel to address the specific risks.
However, this works also in the opposite direction. The actions and inter-

actions with people form how ambiguity could be transformed into risk.
There is a strong agreement among emergency responders that the initial
actions set the stage for the work that follows. The relationship between
the organizing of a response network and the transformation of ambiguity
into risk is presented in paper 4.

Emergency response work is time-critical and characterized by tem-
poral rhythms. The design of information technology use must therefore
be aligned to these patterns of practices. Innovative design solutions only
provide minor value if the intended users have limited time to use such
technologies. The patterns of practice are therefore an important concep-
tualization that could be used to verify design concepts or prototypes.

5.4 DESIGNING FOR SOCIAL INTERACTIONS

This section presents the design dimension addressing the need of focus-
ing the design of information technology on the social interactions in
response work. The design of information technology for emergency
response work should focus on the information that becomes manifested
in the social interactions between emergency response actors. Designing
for social interactions is influenced by the work on enhancing informal
interaction (Hindmarsh, Heath, Lehn & Cleverly, 2005) in distributed set-
tings. In contrast, the focus here is to enhance professional interaction in
order to support sensemaking activities in response work.

A particular role in emergency response work is not isolated from the
ongoing work. This has resulted in suggestions for a role-based design of IT
(Turoff et al, 2004) for emergency response. But perhaps even more impor-
tant, specific focus should be put on the social interactions associated with
a specific role. Formal and informal roles and functions are to some extent
interrelated with other actors also involved in the response work. Indepen-
dent of the organizational affiliation of a particular emergency responder,
incident specific information will always be a fundamental resource for
sensemaking in emergency response work. Social interactions where sen-
semaking activities take place focus on issues that could be characterized
along two interrelated information dimensions; location — situation and
actor — actions. These two information dimensions are here identified as
fundamental in the ongoing construction of an emergency context.
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5.4.1 THE LOCATION — SITUATION DIMENSION

The location - situation dimension consists of information related to the
geographical location and information related to a description of the situ-
ation of a particular emergency. One could also view this dimension as
targeting the question of knowing where and knowing what (paper 1) in
relation to an emergency. Information technology has a huge potential in
innovating emergency response work by improving how location-situa-
tion information becomes available for the response actors.

System functionality to provide location specificinformation to arange
of mobilizing response actors is a key issue for a successful intervention.
Location specific information is produced as a result of the day-to-day
activities of accident prevention and incident preparedness. Subsets of
such information consist of geographical information, technical instruc-
tions and hazardous material descriptions that need to be structured in
order to be operationally available for field-operative actors in cases of
emergencies. Further, information about a situation, even if very brief
or fragmented will affect and form how the response work will become
organized.

Situation specific information is a type of snap-shot information say-
ing something about how someone currently comprehends the situation.
Such information is generated directly when emergency responders
identify the occurrence of an emergency. The caller or technical installa-
tion triggering an alarm provides a range of important situation specific
information. When emergency responders arrive to the accident location,
the situation specific information increases dramatically. Such informa-
tion is highly dynamic and is very likely to change during the response
work. Instances of situation information are found in status reports and
in on-site situation briefings as presented in detail in paper 3 & 4. Location
and situation specific information is critical in order for actors to manage
expectations during mobilization and to form actions during intervention
as described in paper 1, 2 & 5. Location and situation information is tightly
intertwined and the lack of one or the other will significantly reduce the
capacity for successful response work.

5.4.2 THE ACTOR — ACTION DIMENSION
However, location and situation-specific information is only one part
where information technology could provide innovate features to support

emergency response work. In response work, there is always a temporal
delay regarding when different actors will become involved in the work.
Some organizations are more rapid in responding to accidents, whereas
others have less rapid reaction abilities. This means for example that
different actors will arrive at different times to an accident location. In
large-scale emergency response work, key concerns are to identify the
number of actors currently involved in the response work, perhaps even
more difficult, to have a sense of what they are doing. This type of infor-
mation forms the actor-action dimension. Due to the time-critical aspects
of emergency response work and the temporal structuring of such work,
significant efforts are put on activities to organize the number of actors
that becomes involved in the response work.

The arrival of resources from the own organization and the inclusion of
these resources in the response work are managed in physical face-to-face
interactions as is shown in paper 3. The inclusion of additional resources,
either on location or distributed, affect the work rhythm of the response
work and is highly dependent on an overview of what other actors are
currently involved in on the accident location (Paper 3). In large-scale
emergencies, the arrival of actors is significant and the ability to have an
overview of all actors is difficult. On-site conferences with all the included
actors are understood as important activities to get an updated picture of
the involved actors and to talk about the situation and the ongoing work

(Paper 4).

5.4.3 FEATURES TO PROVIDE SHARED USE OF INFORMATION

Emergency response is a highly collaborative activity involving a signifi-
cant number of actors. Each actor from a range of organizations becomes
involved in the response work having their own perspective of the emer-
gency. Interactions between the actors provide the means to construct
an emergency context that forms the response work and vice versa. As
outlined above, information that is exchanged in these interactions cov-
ers the information dimensions of Location-Situation and Actor-Actions.
Information technology designed to support emergency response work
should include features that improve the ability to explicitly exchange
information in such social interactions. A primary feature is to support
the shared use of information based on a view that information during
an incident is a common resource. Such a feature implies the ability to
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provide information sharing mechanisms and mechanisms to keep infor-
mation accessible for the involved actors. Information emerging during
response work needs to become commonly available and not restricted
for the actors due to organizational or system boundaries as part of the
response work. This means that information technology currently in use in
emergency response organizations must be redesigned to provide features
that allow for information sharing between actors that are collaborating
in an emergency. In order to provide such features, more focus must be put
on the social interactions part of such work and less focus on the informa-
tion needs for a particular role or task. By designing such features, a sense
of collaborative visibility could be established which could significantly
improve the time-critical formation of an intervention.

5.4.4 FEATURES TO ACCOMMODATE FOR

CONDENSED INTERACTION TIME-WINDOW

Providing features that allow shared use of information would only
provide minor value if the intended users have limited time to use such
information. This, perhaps obvious reflection, calls for additional features.
Information technology must also account for situations of condensed
interaction-time window. The time-critical aspects of emergency response
work affect the actors’ ability to focus on explicit time-consuming interac-
tion with information technology. Features must be designed to enhance
a particulars actor’s ability to use the technology (paper 5) as an embed-
ded activity by minimizing the gap between technology use and physical
response work, as illustrated in the patterns of practice.

Information technology must be designed based on a deep understand-
ing of the contextual aspects of emergency response work, and the con-
straints such work context put on information technology use. By carefully
taking into account how emergency responders conduct their collective
work and how their individual tasks are interrelated in such time-critical
work, important social interactions will become visible where information
technology not only could be used but where it will improve the sense-
making activities embedded in such social interactions. Features providing
shared use of information, carefully accommodating a condensed interac-
tion time-window, targets one of the key features of sensemaking, namely
that such activities are a collective effort taking place in social interactions
between people.

5.5 DESIGNING FOR TRACES OF ACTIONS

Emergency response actors use a range of information technology arti-
facts in emergency response work such as radios, mobile phones, vehicle
navigators and computers. This means that an increasing portion of all
interactions between emergency responders will be mediated using infor-
mation technology. When emergency responders make an intervention to
an emergency, their actions will be oriented to fill potential gaps related
to location-situation and actors-action information dimensions described
earlier. This means that what they do and what they find is relevant for
other actors they collaborate with. The use of information technology is
related to both individual and collective work tasks, for example query-
ing the hazardous material database for a specific substance, or calling
someone over the phone to get a situation update. As a consequence, these
interactions will produce a range of digital traces (Grudin, 2002; Jessup &
Robey, 2002) simply by the use of radios, mobile phones, navigators and
computers. Such traces of action say something about the ongoing work.
The information in such computer-mediated interactions is of value for
additional actors. The time-criticality and work rhythm in emergency
response work restrict many actors’ ability to explicitly share information
by other means than verbal communication. By using digital traces of
interactions, new ways of sharing information and making visible infor-
mation as a common resource are possible. By making use of digital traces
of interactions, a range of new features could be designed.

5.5.1 FEATURES TO MAKE EPHEMERAL CONVERSATIONS PERSISTENT
Verbal communication is fundamental in emergency response work and
verbal communication tends to increase in ambiguous situations (Dunn,
Lewandowsky & Kirsner, 2002). This means that how people talk and what
they talk about says something about the situation they experience. In
emergency response work, verbal communication is often seen as a prob-
lem and attempts have been made to improve verbal communication
technology for that reason (Camp et al, 2000). One of they key problems
with verbal communication in time-critical work is its ephemeral quali-
ties making it difficult to take part of a communication sequence that has
already occurred.

Studies of network technicians have shown that transformation of ver-
bal communication into a persistent form decreased the cognitive load in
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problem solving work (Rogers & Brignull, 2003). One of the key functions
of verbal communication in emergency response work is to provide situa-
tion reports and to communicate the ongoing actions of a particular actor.
However, the ephemeral qualities of verbal communication make the dis-
tribution of information embedded in such conversations difficult. Aspects
of the information get lost and it is time-consuming to re-communicate
information to a large network of actors. There is a need to transform ver-
bal communication from a state of ephemerality to persistence in order to
make information in such conversations digitally accessible.

Making verbal communication persistent will not only enforce account-
ability but also provide means to structure and make the communication
visible and accessible as part of the emergency response work. Collections
of persistent verbal communication could be used to provide an evolving
structure of communication that would correspond to, and make visible,
the ongoing response work.

In order to make action visible in emergency response work (paper 3),
new features need to be designed for personal communication devices for
emergency responders. Making verbal communication persistent meansin
the most practical sense that the communication sequences are recorded,
tagged (time and sender id ) and stored as audio-clips. Further, features
must also be designed to visualize these communication sequences in a
structure that is dynamically updated as long as the response work is ongo-
ing. These structures would allow new ways of making visible the work
structure as a resource for sensemaking as part of the ongoing work.

As concluded in paper 3, this means that the evolving collection of
verbal communication sequences would correspond to and make visible
the unfolding and gradually clarifying picture of the emergency. Making
action visible addresses the aspect of people making sense by the enlarge-
ment of small cues in a stream of ongoing experiences.

5.5.2 FEATURES TO USE CONTACT POINTS AS AN

INFRASTRUCTURE FOR INFORMATION SHARING

Emergency response work is to a large extent about continuous organiz-
ing and re-organizing of resources and people. In such work, the involved
actors’ contact information is a key resource. Mobile phones are critical
information technology artifacts in emergency response work for com-
munication between response groups (Farnham et al, 2006). One of the key

aspects of the mobile phone is that the phone number provides the only
fixed address to otherwise flexible, independent and mobile individuals
(Arnold, 2003).

In a study of two large-scale emergencies (paper 4) it was shown how
exchanges of mobile phone numbers between various actors were a fun-
damental activity in organizing a response network. Even if the current use
of mobile phones in emergency response work is to mediate verbal com-
munication, the use of mobile phones also provides the ability to socially
form and manage a network of actors across organizational boundaries in
response work. Such network of actors becomes manifested in the list of
names and phone numbers exchanged between actors and documented
in personal note books and in command logs. The accumulation of digital
contact information in the actors’ mobile phones provides the material to
structure a network of actors as the foundation for an information infra-
structure improving the ability to share information across the network
of response actors (paper 4).

When new actors are included in the response network, through the
exchange of mobile phone numbers or mobile phone interaction, they
would instantly get access to the information infrastructure. As long as
the response is ongoing, the incident specific information infrastructure
will also be available. When the acquired phone number is added to the
information infrastructure it could typically result in a message that is
pushed to the corresponding communication device and thereby provid-
ing authorization and access. The addition of contact information should
be supported at all localities where contact information such as mobile
phone numbers are managed; via the mobile phones of field personnel, at
on-location command vehicles, and also the command centre.

5.5.3 FEATURES TO MAKE ACTORS AND ACTIONS VISIBLE

The features of making ephemeral verbal communication persistent and
features to establish information infrastructure by making use of digital
traces of interactions will also provide material to make the involved
actors more visible. The two features will produce material that could be
visualized in structures representing the involved actors, the relationships
between the actors, the communication intensity, and individual conversa-
tions. The visualization of the digital traces should be accessible on per-
sonal communication devices and used to provide cues and structures for
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sensemaking as part of the actors’ ongoing response work.

Making such information visible or commonly available (Robertson,
2002) is an important feature not only to support the collaborative work
but to shape individual actions so that they are meaningful in relation
to others’ actions, especially if such actions are part of activities to make
sense of an emergency. Features to make actors and actions commonly
available, in the emergency response context, improve the involved actors
capacity to make sense of time-critical ambiguous situations.

6 CONCLUSION

This thesis has shown how social interactions are the fundamental
underlying mechanism of emergency response work. The findings show
that information technology should be designed to support the enacted
sensemaking formed in social interactions. Information technology used
by emergency responders in emergency response work has embedded
qualities that contrast to the formal structure of the larger emergency
response system. This means that when designing information technol-
ogy toresponders in emergency response work, a balance must be negoti-
ated between the social mechanisms of information technology use and
the formal structure of the larger emergency response system.

Finally, the objective outlined in the beginning of this thesis was to
answer the question how can information technology be designed to
support emergency response work. This question has been addressed by
pointing to three important issues in order to design information technol-
ogy for time-critical work and especially when designing for emergency
response work. These issues are:

+ The importance of carefully embedding the use of information
technology in the situated work illustrated in the patterns of
practice (section 5.3) of time-critical work.

+ Design information technology that improves information
sharing in social interactions (section 5.4).

+ Make use of digital traces of actions (section 5.5) in order to
provide collaborative visibility of the work, which will improve
the capacity for sensemaking in time-critical ambiguous events.

Information technology has the capability of supporting sensemaking
activities but the quality of the outcome of such efforts are difficult to
assess. Information technology could improve the activities used to form
meaning in equivocal situations. The main challenge for emergency
responders is to use whatever resources available to intervene and make
sense in ambiguous situations calling for immediate response. Such inter-
vention is a collective effort of actors from a range of organizations. In
social interactions among these actors, available fragmented information
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is used as conversational grounding to make sense. The reality of response
work is not a static activity based solely on pre-defined action plans and
fixed organizational roles. Rather, the work is characterized by an ongo-
ing effort of building and maintaining a network of actors where neces-
sary actions are negotiated and formed. Information technology should
therefore be designed to support the ongoing organizing of the evolving
response network.

The role of information technology is to provide features that improve
the organization of the response work as part of the physical intervention
work. Information technology use in such collective work has the potential
for improving the activities people engage in when making sense. How-
ever, as Karl Weick warns, the very design of information technology will
also pre-structure what people will treat as their world (Weick, 1995). By
providing improved features of information technology for people to share
information and allow new ways of visualizing the ongoing time-critical
work, emergency responders will become better equipped in sensemaking
activities.
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ABSTRACT

Reconstruction of major emergencies and crisis as well as observations of
large-scale emergency exercises are common approaches for studying and
understanding various actors work practice in emergency response. Studies
of small-scale emergencies using an ethnographic approach are less com-
mon. This paper presents data from a single small-scale emergency as part
of an extensive ethnographical field study. A detailed analysis of fire crew
enroute sensemaking in a single small-scale emergency is outlined.

The theory of sensemaking is applied as an analytical lens aiming to
explain the communication between the command centre operator and
the fire crew in terms of sensemaking. Further, implications for design of
information technology use for fire crew enroute sensemaking will be

presented as well as brief reflections of the consequences of such design.

KEYWORDS

Fire crew, incident commander, emergency response,

sensemaking, ethnography, design implications

T INTRODUCTION

Studies of sensemaking in emergency response in major accidents and cri-
sis have shown the importance of analysing the organisational and social
processes affecting the actions of the involved actors (Weick, 1988, 1993).
Major accidents and crises has been the primary focus for understanding
sensemaking in emergency response but little attention has been paid to
small- scale emergencies. A small-scale emergency could, if not dealt with
adequately, quickly develop into a major crisis (Perrow, 1984). It is therefore
advocated in this paper to focus on the sensemaking process in small-scale
emergencies and specifically how a fire crew’s sensemaking enroute to
anincident is affected by limited and ambiguous information, potentially
leading to undesirable results. This paper examines the sensemaking pro-
cess of a fire crew enroute to an incident, using data from one emergency.
Based on this, implications for design of information technology use to
support sensemaking are suggested. The remainder of the paper is orga-
nized as follows. Section two briefly presents related research highlight-
ing different approaches applied to study actors in emergency response.
Section three presents the method applied in this study and describes in
detail the data collection approach and associated problems. In section
four sensemaking is presented as the theoretical foundation and analyti-
cal lens. Following to this in section five the results based on the empirical
data is presented and related to the theory of sensemaking. In section six
the empirical findings are used to propose implications for re-design of the
current information technology used by the fire and rescue services. The
paper ends with a discussion in section seven and conclusions in section
eight.

2 RELATED WORK

Studies of emergency response have a strong tradition to a focus on
individual and team decision-making. Several studies have explored com-
mander decision making in major incidents (Klein, Calderwood, Clinto-
Cirocco, 1988; Burke, Hendry, 1997) using the critical decision method. The
aim has been to understand decision-making in field settings and the
method of doing this has been retrospective interviews. Studies of radio
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talk in large-scale emergency response exercises have focused on the
effects of task-specific factors and situation specific factors on the com-
munication pattern between key emergency management team members
(Dunn, Lewandowsky, Kirsner, 2002). Studies of commander improvisation
in emergency response (Mendoca & Berroggi 2001) have used field exer-
cises to inform the design of decision support systems for field settings.
Studies of everyday work of fire crews and small-scale emergencies have
not gained much attention. The limited attention could partly be explained
by the time-consuming process of such studies.

3 METHOD

This paper reports from an ongoing extensive field study of every day work
at communal fire and rescue services in Sweden. The field study has been
conducted using an ethnographical approach (Hammersley & Atkinson.
1995) where approximately 700 hours of participant observations with fire
crews has been conducted. Almost nine hours of video ethnography (Pink,
2002) has also been collected. Results from the field study will be used to
inform the design of information technology use (Hughes, King, Rodden
& Andersson, H.1995) in operative fire and rescue services. The author has
gained access to the fire crew and participated in the fire crew activities
on both day and night shifts. When responding to alarms the author has
used the mandatory protective clothing. Studying a group of people has
presented some difficulties especially on alarms where the crew during
enroute are distributed in two vehicles and the author have had his posi-
tion on the second ladder vehicle, unable to observe the activities in the
first rescue vehicle. In order to study the work practice in the first rescue
vehicle during enroute, a video camera has been mounted on the dash-
board pointing inward in the vehicle. The incident commander has started
the video camera directly when he got seated. Field notes has in many
cases been written down after the fire crew has left the incident site or
back at the fire station.

The combination of field notes and video recordings have been used
to triangulate the analysis. Using video data has provided a rich material
otherwise difficult to collect and analyse on a micro-level. Transcribed field
notes have provided material to analyse and understand the context.

The incident presented in this paper has been selected from alarger col-
lection of observations and video recordings and is a good representation
of a typical minor daily incident that constitutes the majority of alarms
for fire crews in Sweden. However the specific events in this particular
incident provide a good illustration of the typical difficulties confronted
during enroute to an incident location and the actor’s efforts to make sense
of the situation.

4 THEORY

The theory of sensemaking is here applied as an analytical lens and is used
to analyse the data and validate the findings. Sensemaking is based on the
idea that “reality is an ongoing accomplishment that emerges from efforts
to create order and make retrospective sense of what occurs.”(Weick,1993).
According to Weick, sensemaking is not a metaphore but, as the making of
sense. Sensemaking and interpretation are highly related concepts but not
each others equivalents, “sensemaking is about the ways people generate
what they interpret” (Weick 1995, p 13). Sensemaking is understood as a
process, consisting of seven characteristics, that is; grounded in identity
construction, retrospective, enactment of sensible environments, social,
ongoing, focused on and the extraction of cues, driven by plausibility.
The task of the sensemaker is to convert experiences to something
meaningful, and fundamentally establishing and maintaining his or her
identity. Situations experienced by people are progressively clarified and
this clarification emerges when people in retrospect brings the pieces
together to create a sensible explanation of the situation. One can only
make sense of something after it has been experienced. The time period
from experience to the making of sense could be a split second or a rather
prolonged period of time. When people act to make sense, they also affect
the environment that they are trying to make sense of. This means that
people act in a context and this context is shaped by people actions to
make sense. When people make sense, it is not an isolated activity but con-
tinuously ongoing. Sensemaking is as a social process and part of people’s
daily social interaction where meaning are established in and influenced
by the presence of collective social structures. The context in which sense
making occurs affect what cues will be extracted and how these cues are
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interpreted as well as the revision of those interpretations based on follow-
ing actions and their consequences. The making of sense is more oriented
towards the plausible than the accurate due to the time criticality in many
situations.

People are continuously making efforts to make sense of situations
they experience and they do it by looking at a world upon which they
already have imposed what they believe (Weick, 2001, p.15). In order for
people to make sense, they must act. In sensemaking it is understood that
action precedes understanding. People act in some form of social context
involving a collective of people, which are affected by the actions or take
partin these actions. “Sensemaking is focused on those actions around which
the strongest commitment forms” (Weick 2001, p.26). Commitment binds
the individual to his behavior and influences the individual’s further sen-
semaking.

Committed action determines the scope of interpretation by focus-
ing on those cues that suggest potential justification of that committed
action. Commitment is an additive process resulting in a situation where
new justifications and meanings slowly emerge due to their ground in old
meanings that are to some degree persistent even if they are outdated.

This means that to make sense, people as actors in a social context will
interact and make committed actions based on a cues that help them to
justify their actions in that particular social context.

In situations characterized by ambiguity and unexpected events
people’s efforts to make sense becomes visible for analysis. When a group
of people are surprised or when they experience that expected events
does not occur, people direct their conversation to clarify the blurred and
confusing picture, i.e. to make sense. The analysis in this paper is focused
on the conversation between the operator, incident commander and the
fire crew where commitment, cues and justification affect the behavior of
the fire crew.

5 RESULT

The setting reported from in this paper is a fire crew in a suburban dis-
trict in a major city in Sweden. The fire crew consists of the incident com-
mander (IC), the fire crew foreman and five firemen, making a total of eight

people. In the incident examined here, the fire crew is dispatched by the
command centre operator (CCO). The incident response is initiated when
a person have called the national emergency organization and reported
a fire in what is understood as an electrical power station. The command
centre operator dispatches the fire crew, which initiates the drive to the
incident location using rescue vehicle 411 and 413. Due to the vague loca-
tion description by the caller, the CCO and IC face problems to determine
the location. The CCO contacts the energy company. Information from the
energy company influences the fire crew’s actions of the incident.

The data outlines the communication between the command centre
operator (CCO), the incident commander (IC), the fire crew foreman and
three firemen in rescue vehicle (411) and additional two firemen in the
ladder vehicle (413). The observations have been divided in two parts with
subsequent detailed analysis.

5.1 SEQUENCE A

This sequence shows how the involved actors are trying to understand
and define the incident location and the type of incident. The sequence
starts when the fire crew just has left the fire station and the IC establishes
contact with the command centre.

# TIME ACTOR CONVERSATION (Text in italics represents talk over radio)

Four-eleven (411), one-one-three, we are

or  ooo G heading for Nuevo-hotel.

Okay, four-eleven (411), behind Nuevo-hotel along the
cycle way there is an electricity-house, says the caller,
and there is smoke. You will have eighty-six adam. Over.

02 o0.05 CCO:

03 o020 IC eighty-six adam...what company or address did you say?

=

04 03 FIREMAN: you have to decide yourself, John.

no...along the cycle way behind Nuevo-hotel, there is
some...a large...an electricity-house..with smoke coming
out...contact the energy-company to hear if they have
something there.

05 0.32 CCO:
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06 036 FOREMAN:  drive to the backside,....when you pass the OceanStore.

DRIVER

(JoHN): Okay.

07 041

Sounds good...and you take contact

08 os0 IC with the energy company.

09 o054 CCO: I’ll do that, Andrew.

I do not understand what company

o 103 G he is talking about...but...

But we should drive behind the apartments...

1 1.07 FOREMAN: on the back.

12 120 IC: Yeah, there is that..that entrance gate.
13 1.28 IC: It will be goblin steps.

14 1.30 FIREMAN: Yes.

5 138 Ic: If there is ground current you should

not take any big steps. [laugh]

Table: Sequence A

5.1.1 SENSEMAKING TRIGGERED BY AMBIGUITY

The location of the incident is vaguely described by the caller making it
difficult for the CCO to provide a distinct location to the IC.In parallel to the
CCO and IC conversation, the foreman gives route directions to the driver
of the rescue vehicle based on ambiguous information. The ambiguity of
the information is highlighted by the IC’s response to the CCO request-
ing a company name or street address, which is the standard method to
define an incident location. The reaction from the CCO is an accentuation
and repetition of the prior information. The CCO is at this moment in a
troublesome position where he is unable to comply with the IC"s request
to deliver an adequate incident position. A solution is immediately formed
by the CCO when telling the IC that contact will be taken with the energy
company, to find out if they have something in the area. The IC supports
this action and confirms that the CCO shall make the contact.

The sensemaking triggering event is visible in line 03, when the IC
requests company name or address. Having no street address or company
name, but rather a vaguely described geographical location, violates what
the IC in this situation normally expects.

The conversation (line 05,08,09) shows how the interaction between
the IC and CCO results in a commitment, a commitment to take contact
with the energy company. Further, this commitment binds the CCO to this
agreed action by the IC’s explicit public and irrevocable remark that the
CCO shall make the contact. The interpretation of this is that the CCO not
only shall make the action but also is responsible for that action. As will
be shown later, this commitment will have implications on the following
actions presented in sequence B.

5.1.2 DEFINING THE LOCATION USING REFERENCE POINTS

When the conversation with the CCO ends, the IC turns to the foreman
and fire crew in the back seat compartment, expressing that he does not
understand which company the CCO refers to. The interpretation of this is
that the IChas a company as a reference point different to “behind Nueovo-
hotel” and “along the cycle-way” being the compound reference point for
the CCO.

The foreman expresses his understanding of the plausible location and
describes where they should proceed, without mentioning a company as
a reference point but instead a selection of buildings. The IC responds and
adds to this picture by mentioning the existence of an entrance gate cor-
responding to the location presented by the foreman. What is shown here
is how the IC and the foreman uses their knowledge about the area and
based on each others descriptions extract cues to build a shared under-
standing. In this particular case, the IC changes reference point from an
undefined company to a very detailed reference point consisting of a gate
in the local area. Interesting to notice here is that neither the IC nor the
foreman explicitly makes any references to the term “electricity house’,
which based on the CCO information should be the object of attention.
This could be explained by the simple fact that an electricity house is not
part of the IC’s or the foreman’s area knowledge and therefore nonrelevant
information at this moment.
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5.1.3 DESCRIBING TYPE OF INCIDENT

In the opening conversation (line 02), the CCO describes the type of inci-
dent by saying “electricity-house” and “there is smoke” and declaring that
this is information provided by the caller. The explicit reference that the
information is what the caller has expressed implies that this informa-
tion could be unreliable. In the conversation (line os), following the IC’s
question regarding company or address, the CCO adds the description
“there is some...a large..an electricity house..with smoke coming out”. The
term “electricity house” indicates that this incident concerns a fire in an
electrical power station. However, the hesitation in the CCO"s description
of the constitution of the building makes an indication that this informa-
tion is potentially uncertain. But, the joke made by the IC (line 13) referring
to potential dangers with ground current shows that the IC has to some
extent framed his understanding of the incident type.

The analysis of the IC’'s conversation about the incident suggests a serial
sequence where the object of attention is determined by urgency and
plausibility. In this incident the urgency concerns the understanding of
the location position. Without a satisfying understanding on the location,
everything else will become less important. The location description is as
previously mentioned, flawed by ambiguity, attributed several meanings.
This means that the fire crew could risk ending up at the wrong location,
which would extend the time for the fire crew to make the actual response.
Focus is therefore on the issue of ambiguity of the location information.

The incident type is plausible, a fire in an electricity house, even if this
information is flawed by uncertainty. This uncertainty could be mini-
mized if or when additional calls are made by people on the location or by
the fire crew themselves when they arrive to the accident location. This
means that it is more important to determine the correct location rather
than establishing an understanding what will face the fire crew up on
arrival. The fire crew will be able to respond to almost any incident but this
requires them to know where to go.

5.2 SEQUENCEB
This sequence shows have the information obtained in the contact with
the energy company affects the actions of the fire crew.

# TIME' ACTOR

16 2.31 CCO:

CONVERSATION (Text in italics represents talk over radio)

411 to, 400 over.

17 2.35 IC:

411 responds.

18 237 CCO:

I have talked to the energy company, it is the case that
they have an electrical power station on the backside
at Jellyfishstreet behind Nuevo-hotel and he will send
aguy, over.

That’s great, then | will know, over.

20 253 CCO:

That’s acknowledged, over and out.

21 2.58 IC:

Did you hear that a guy from the energy company is
also on his way.

22 3.02 FOREMAN:  Electrical power station, or?

23 3.04 IC:

Yes.

24 337 DRIVER:

Should go...could come that way too, thought if you
drove round there and in there.

25 3.22 IC:

Yes...

26 3.23 IC:

Think we shall do that.

27 3.24 DRIVER:

Yes it feels so.

28 3.25 IC:

Enter Jellyfish street instead.

29 326 DRIVER:

Yes, it feels more [right].

30 3.27 IC:

We’ll do that.

31 3.31 IC:

413, we enter at Jellyfish street.

32 3.35 413:

That’s acknowledged.

Table: Sequence B

"Minutes and seconds
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5.2.1 EMERGING INFORMATION

Two minutes after the initial conversation the CCO calls for the IC’s atten-
tion informing the he has talked to the energy company and that they
have an electrical power station on Jellyfish Street behind Nuevo-hotel.

The CCO also informs the IC that the energy company is sending a
person to the location. In this conversation the CCO have switched termi-
nology from “electricity-house” to “electrical power station”. The IC does not
comment the shift of terminology but responds to the new information
with the general expression “that’s great, then | will know”.

Immediately after, the IC turns to the firemen and foreman in the back-
seat compartment and says in a question-like phrase if they heard that the
energy company sent a guy. The response by the foreman is a new ques-
tion “electrical power station, or?” to which the answer from the IC is “yes”
What is shown here is a committing act where the IC and foreman socially
defined the incident type as a fire in an electrical power station. This com-
mitting act defines the context and has effects on following actions.

Moments before the rescue vehicle (411) approaches a road intersection
the driver suggests an alteration (line 24) of the approach route to better
correspond to the newly established understanding that Jellyfish Street
is the incident location. The conversation between the driver and the IC
about alteration of route show how they construct justification for this
route alteration. Prior to the contact with the energy company, Jellyfish
Street was never discussed. In sequence A, the IC and foreman agreed on a
different accident location. It could therefore be stated that the alteration
of the route choice is a result of the information obtained from the energy
company and a justification of the previous committed act by the IC and
foreman defining the type of incident. As a consequence the route choice
is altered in order to align with the socially defined understanding of a fire
in an electrical power station at Jellyfish street.

5.2.2 PREFERENTIAL RIGHT OF INTERPRETATION

What is evident in sequence B is how the fire crew and specifically the
IC and foreman and not the CCO, have the preferential right of interpre-
tation. The CCO did not express that the incident concerned a fire in an
electrical-power station at Jellyfish Street. However, the committed actions
of the CCO, IC and foreman created the environment where this became
the only sensible direction. The preferential right of interpretation is not

explicitly expressed in the fire and rescue service organization procedures
but becomes visible in the actions of the fire crew.

5.3 EPILOGUE

Further but not part of the scope of this paper, when the fire crew arrives
to the perceived location they are unable to use the desired approach route
forcing the IC to walk to the building and the driver to choose an alterna-
tive approach route. In retrospect it was shown that this incident did not
involve a fire in an electrical power station, but a person having started a
fire in his fire stove in a garage. The fire crew where not at the location of
the electrical power station.

The analysis reveals how the initial and vague information influenced
the actors following actions and understanding of the situation. In the chain
of interaction it is evident that commitment binds the actors to their actions.
Once contact was made with the energy company it became severely hard
toignore the received information. The information flow was suffering of a
filtering effect where the IC had to rely on second hand information, becom-
ing third hand information when it reached the fire crew. All information
delivered from the CCO was obtained in conversations with external actors;
the caller, and the person at the energy company. The filtering effect of the
information in this communication chain and the inability of the IC to ask
further questions to these actors could partly explain the result of the sense
making efforts. Only one information channel delivered information. The
lack of other complementary information channels or resources restricted
the fire crew’s ability to validate and finding inconsistencies.

The analysis reveals how committed action creates the context for sen-
semaking by narrowing the actors’focus to a subset of cues in the available
information that suggest reasonable justification of those actions.

6. DESIGN IMPLICATIONS

As presented in the previous section communication between the incident
commander and the command centre is challenging and has potential to
be improved. Therefore, in this section a set of implications for re-design
of current technology use will be presented. The findings presented in the
previous section will be linked to a set of suggested functionality aiming
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to provide improved support for fire crew sensemaking enroute to an inci-
dent. Based on the analysis, two fundamental issues are derived, namely
the two issues; knowing where and knowing what.

First, knowing where focus on understanding and defining the location
of anincident. As presented in the result section, situation specific aspects
concerning the alarm have the potential to restrict the fire crew’s ability
to determine the incident location. Information received along the road
might influence alteration to the intended approach route.

Second, knowing what focus on understanding and defining the type of
incident. The findings in this paper show that this issue is secondary and
less important compared to knowing where. However when the knowing
where issue is solved the issue of knowing what becomes primary. These
two issues will be further elaborated and specific functionality will be
proposed in order to support and improve the related work practice.

KNowING WHERE: Fundamental functionality to improve a fire crew’s
enroute incident sensemaking involves support for a common and
mutual representation of the perceived incident location. As shown in
section 5.1.1 and 5.1.2 the actors face problems when using different refer-
ence points for establishing an understanding of the location. Providing
support for mutual representation would result in a situation where the
IC and CCO have the same type of information at hand when trying to
making sense of an incident. The common representation should include
not only street names but contextual information of buildings and de-
scriptive information regarding the various businesses in the buildings.
Contextual information could also include information from sensory
systems such as fire alarms and property surveillance cameras.

In the time-critical work of getting to the incident location, volumi-
nous information must be avoided. Instead the design must provide rich
information without increasing the complexity. A mutual representation
using contextual information would extend the range of possible cues
for the sensemaking process, making the fire crew more capable to find
inconsistencies in portions of the delivered incident information. Having
access to mutual representation of the location have the potential to better
support the practice of using reference points, as reported of in section 5.1.2,
to make sense of the incident specifically when the incident is subjected
to ambiguity as reported of in section 5.1.1.

KNOWING WHAT: As presented in the section 5.2.1, during enroute the CCO
in some cases make external contacts to find additional information re-
garding a particular incident. This includes contact with various profes-
sional organizations in the society but also re-establishing contact with
the caller of the specific alarm. Participating in such conversations could
be of importance for the IC’'s understanding of the incident. Further, due
to the IC’s preferential right of interpretation (section s5.2.2), having access
to first-hand information is fundamental and would limit the informa-
tion filtering effect.

Support should therefore be provided to enable the IC to listen-in to
the CCO’s conversation with other actors concerning the specific incident.
This does not however imply that the IC should handle the administrative
efforts to establish such contacts nor forced to having a dialogue, but rather
an ability to listen-in and the possibility to ask additional questions when
necessary. As reported in section 5.2.1, information is emerging over time as
the situation is unfolding. Listen-in support is central in order to coordinate
the efforts of the IC, CCO and external actors to make sense of the specific
incident. Being able to listen-in to conversations, especially in situations of
ambiguity, could improve the IC’s ability to establish a broader understand-
ing of the location and the incident type based on a richer set of cues.

In this section, functionality to improve sensemaking has been proposed
targeting the core issues of knowing where and knowing what. A fundamen-
tal aspect of the proposed functionality is its ability not only to provide
better support for the IC and fire crew but to improve the collaborative
work between the CCO and the IC. The proposed functionality does not aim
to disconnect the fire crew from the command centre but instead bring the
two units closer together. Designing information technology as proposed
above have the potential to focus the conversation between the CCO and
the IC on the available information instead of spending valuable time to
deliver the information by voice. This means that these two actors could
have more time to make sense of the information. Providing information
technology to the fire crew will not only have consequences for the fire
crew but for components in the emergency management system. There-
fore, it is important that the design of this technology is done with the
ultimate goal to improve the fire crew’s ability to make a rapid, efficient
and safe response.
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7 DISCUSSION

This section offers a discussion of the method, theory, the suggested impli-
cations for design and consequences of such design.

Studying a group of mobile people that are geographically distributed,
and the sorts of technologies they use or might have use for can from a
methodology perspective be challenging (Weilenmann, 2003). In this paper
video recording and observation has been the primary data collection
methods. The video data was used for two purposes. Firstly, to study the
radio communication between the IC and the command centre. Secondly,
to study the conversation and actions in the rescue vehicle (411), a setting
difficult to study using direct observation. Observation was also used to
study the actions of the fire crew on the incident location. The researcher
was not sitting in the rescue vehicle (411), where all the communication
took place, but positioned on the ladder vehicle (413) also dispatched to
the incident. Being unable to do direct observations in the rescue vehicle
(411) and only rely on video data has its shortcoming. However, the phe-
nomena under study were sensemaking, an activity typically visible in
conversations. The conversation over radio and in rescue vehicle (411) was
captured on the video recording. The dual use of data collection methods
has provided complementary data for the analysis. Observation has pro-
vided contextual data and general understanding of the work domain
whereas the video data has provided means to perform micro analysis of
the work practice. The observations provided the fundament for the nar-
row and detailed study of the video data (Heath, C. & Hindmazrsh, J. 2002).
The specific incident was selected from a collection of incidents and the
purpose was to show how a fire crew is making sense of an incident during
enroute.

The theory of sensemaking was applied as an analytical lens show-
ing how initial and vague information influences the actors following
actions and understanding of the situation. In the chain of interaction it
was evident that commitment binds the actors to their actions. Further
the findings show how committed actions and their consequences are
complicated to reverse.

The design implications was derived from the data suggesting func-
tionality to improving the sensemaking process by supporting the issues
of knowing where and knowing what. The suggested functionality aims

to provide richer information and listen-in support that improve the col-
laboration support between the IC, fire crew and the command centre.
These design implications have consequences for the organization both
on a technical level and on a role level. The consequences on a technical
level involve a re-design of the information technology and systems of the
fire and rescue services. Portions of the geographical information systems
currently existing only at the command centre must be deployed in rescue
vehicle setting. Additional data sources partly providing the contextual
information requires the fire and rescue services to provide interfaces for
external providers of sensory data. The voice-communication infrastruc-
ture must provide transparent access to a variety of communication chan-
nels such as radio-, mobile phone-, and fixed telephone-traffic.

The organizational consequences with improved collaborative support
will have consequences on role specific tasks. Providing the fire crew access
to incident information during enroute will change their relation to the
IC currently mediating such information. The hierarchical chain-of-com-
mand has to be adapted to the suggested changes in how information is
delivered. Over time the work in the command centre could due to infor-
mation technology improvements potentially change from a command
and control function to resemble more to an information broker service.
Understanding that the preferential right of interpretation in this prac-
tice resides on the operative fire crew and not the CCO as the centralized
coordinator opens up questions regarding how time critical information
should be retrieved and delivered. Further, the role of the coordinator and
the organizational position and mandate for this role is not unproblematic.
Changing the roles and work practice will not be done in short time nor is
it an objective. But changes in information technology will inevitably also
affect the structures in the command centre and the CCO role in providing
support to IC.

8 CONCLUSIONS

In this paper an analysis of sensemaking in a fire crew enroute to an inci-
dent has been presented based on the theory of sensemaking. Empirical
data from one incident has been analyzed in detail resulting in implica-
tions for design. These implications consist of functionality to support the
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use of contextual information, direct access to first hand information, and
improved collaborative functionality between the command centre opera-
tors and the fire crew. The consequences of the suggested information
technology improvements have been briefly elaborated. However, what
the exact consequences will be and the effect it will have on structure,
roles, and responsibilities are severely hard to foresee. Therefore, all infor-
mation technology design in this domain must be done with reflection
and be driven by a clear objective to enhance the ability of the actors and
not driven from a technology perspective.
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ABSTRACT

This paper presents results from a field experiment of IT-use in emergency
response work of a fire crew. A prototype has been developed to probe for
instances of sensemaking supported by IT-use in such work. The findings
have been analyzed in relation to research on design of emergency man-
agement information systems and sensemaking theory. Key findings from
the field experiment suggest that there is a potential conflict between the
role-based emergency management information systems and the shared
use of information technology of first responders. Further it is advocated
that prototypes should be used to explore the extrinsic of the work practice

difficult to uncover using only direct-observation or interviews.

KEYWORDS

Field experiment, Technology use and design, Sensemaking, Emergency response work.

T INTRODUCTION

Major efforts are now being made to design various emergency manage-
ment information systems that can support and improve the work on
organizational levels, inter-organizational level, national levels and even
globallevels in case of emergencies or crisis. Independently of the scale of
the emergencies or crisis the systems aim to provide improved overview of
the situation and to provide ability to make competent actions in order to
take control over the situation and minimize the damages to people, prop-
erty and the environment. In order to accomplish such ability, information
systems must both provide support for high-level coordination as well as
support for the time-critical work by first responders.

A substantial body of knowledge has been established concerning the
crisis phenomena (Perrow, 1984), organizational structures for emergency
management (Bigley and Roberts, 2001) and the social dynamics in emer-
gencies (Weick, 1993). In a complex society where a small accident quickly
can develop into a major crisis, emergency management is no longer only
of local concern but requires the efforts of several organizations to man-
age. Information technology is therefore fundamental in the emergency
management system to mediate intra and inter-organizational com-
munication and collaboration. Studies of information technology in an
emergency management and incident response setting includes; studies
of information technology as an organizing resource (Calloway and Keen,
1996), key functionality in emergency management information systems
(Turoff, Chumer, Van de Walle and Yao, 2004) and information technology
in relation to coordination complexity. These studies provide high-level
conceptual frameworks that could be used to inform the design of infor-
mation technology for emergency management.

The operative field personnel, physically responding to an emergency,
have traditionally only gained limited attention. However, there are studies
that have explored how to design of information technology use for field
settings such as, how to improve radio communication on the fire ground
(Camp, Hudson, Keldorph, Lewis and Mynatt, 2000) how ubiquitous com-
puting could improve accountability and awareness for the fire crew (Jiang,
Hong, Takayama and Landay, 2004). In these studies, interviews and obser-
vation has been the primary means for informing the design of prototypes
and workshop sessions has been used to evaluate the prototypes.
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There is a gap between studies of high-level design of information
systems for emergency management and the applied use of informa-
tion technology by first responders. Few studies have focused on how the
operative use of information technology at an accident site will affect the
high-level system and vice versa. Among the few is a study that explores
the use of handheld computers and the design of location based service for
medical first responders in relation to the somatic health-care processes
(Togt, Beinat and Scholten, 2004).

If we are truly interested in understanding how to design information
systems for crisis and emergency management we need to put our designs
virtually in the hands of the people that we are attempting to support.

This paper presents results from a field experiment where a mobile
application prototype has been used to probe for instances of sensemak-
ing in emergency response work of a fire crew. In addition to the findings
regarding the use of information technology for sensemaking, it is advo-
cated here that field experiments are not only valuable to explore the sug-
gested design but also to explore additional dimensions of technology use
in this work domain impossible to uncover without a field experiment. The
findings from the field experiment present consequences for the design of
emergency management information systems.

The argumentation builds on two strands of related research, (i)
structures for emergency management and (ii) information systems for
emergency management. Designing information systems for crisis and
emergency management is a daunting task. Part of the problem is related
to the uncertainty and the dynamics of the emergency. To avoid develop-
ing structures that are too situation specific more loosely structures have
been proposed, that have a certain degree of structure yet flexible to be
adapted to the specific emergency. Bigley et al (2001) reports of one such
structure, namely the incident command structure employed in modified
forms by several fire and rescue services. One of the major strengths of
this structure is its ability to both provide flexibility and structure at the
same time. A crucial aspect in this ability is the concept of role switching,
meaning that people in this structure can move between different roles
depending on progression of the physical emergency. The concept of roles
is also important to consider when designing information systems for this
work domain. Turoff et al (2004) propose functionality of emergency man-
agement information systems where it is suggested that roles plays a key

part of any structured group communication process. With the assigned
role for a particular individual, being part of the emergency response work,
a specific responsibility and access to the system is granted. Further it is
suggested that the content of the information in such system determines
which roles could access the information. In order to mediate informa-
tion from the emergency management information system to the people
on the incident location responding to the emergency, various forms of
mobile information technology is needed. Turoff et al (2004) explains that
their suggested system relies on the availability of PDAs, mobile phones,
and laptops but a limitation factor is how to accommodate for limited
screen sizes and various interaction modalities.

However, assuming that all individuals involved in emergency response
work have access to mobile information technology could present some
problems. If the role is determining what information can be accessed then
a shared use of the mobile technology could restrict the information tech-
nologies potential. Assuming a private or role specific use of the mobile
technology conflicts with the work practice of how tools, material and pos-
sibly information technology is used on the accident location. This paper
will present such collaborative and shared use by presenting findings from
a field experiment that aimed to probe for instances of sensemaking sup-
ported by IT-use in a fire crew’s emergency response work.

2 THEORY

The theory of sensemaking is applied in this paper to provide alens through
which the actions of the fire crew can be understood. Sensemaking is an
individual and collective process where “reality is an ongoing accomplish-
ment that emerges from efforts to create order and make retrospective
sense of what occurs.”(Weick,1993). This means that in contrast to decision
making where the key question is what shall we do, in sensemaking the
key question is: what is going on. A fundamental aspect in sensemaking is
to understand that a person or a collective’s experiences of a situation are
progressively clarified, and that this clarification often works in reverse
(Weick,1995).In order for people to make sense, they must act, since it from
a sensemaking perspective is understood that action precedes understand-
ing. People actively interact to create meaning by the enlargement of small
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cues. The social context in which sense making takes place affect what
cues will be extracted and how these cues are interpreted as well as the
revision of those interpretations based on following actions and their con-
sequences. The making of sense is oriented towards the plausible rather
than the accurate due to the time criticality in many situations. Situations
colored by ambiguity or unexpected events make visible people’s efforts
to make sense.

3 METHOD

This section presents the method used to conduct the field experiment.
First, the prototype design process is outlined. Second, the field experiment
is presented and third the data collection and analysis methods of the col-
lected data are explained.

3.1 PARTICIPATORY DESIGN OF A PROTOTYPE

The prototype is designed based on findings from on extensive ethno-
graphic field study (Hammersley and Atkinson, 1995) showing how
sensemaking (Weick, 1995) plays an important role in fire crews work
en route to an accident (Landgren, 2004). The prototype was designed to
materialize a subset of the findings from the field study. The prototype
was developed to probe for instances of sensemaking of a fire crew en
route to an accident and to improve their actions on the accident loca-
tion. The development process was characterized by participatory design
(Blomberg, Giacomi, Mosher and Swenton-Wall, 1993) where a fire crew
has been deeply involved in the process to achieve a relevant transforma-
tion from the identified design implications to the materialization of the
prototype. This approach shares some ideological beliefs with the use of
cultural probes where the probe or in this case the prototype “helps the
designer to learn about the local culture in order to avoid the design to be irrel-
evant or arrogant” (Gaver, Dunne and Pacenti,1999). As a result of the hier-
archical command structure in the fire and rescue service, the intended
user of the system was the incident commander but the content of the
prototype was designed with the incident commander and the fire crew.
Prior to the field experiment minor tests had been performed regarding
the user interface and the interaction design. This was accomplished in

a classroom setting at the fire station with the incident commander and
the fire crew.

3.2 FIELD EXPERIMENT

To probe for instances of sensemaking supported by IT-use and more prac-
tically, to explore the use of the prototype in as natural setting as possible,
an incident scenario was constructed. The scenario was then performed
as an exercise-incident having the fire crew responding on a reality-like
emergency. The aim of the scenario and the incident-exercise was to pro-
vide a setting where the researcher to some extent could have control over
some of the variables. A field experiment is not the same as an experiment
in a laboratory setting, it is much more unpredictable and basically is it a
semi-controlled context where initial design suggestions can be studied
and potential design alterations can emerge.

3.3 DATA COLLECTION AND ANALYSIS

To collect as rich information as possible, both non-participatory direct
observation and video recording was used. A video camera was mounted
in the rescue vehicle to capture the work en route to the accident location.
The author was on the “accident” location and when the fire crew arrived,
followed the prototype in the different use situations that emerged. A
second camera was used on the accident location to record the use situa-
tions. Following the technology is a viable approach when studying mobile
technology use (Weilenmann, 2003).

The data collected from the field experiment consisted of field notes
and video recordings which were transcribed. In the work of analyzing the
field notes, categories was formed and themes where derived. The analysis
of the video recording was inspired by interaction analysis (Heath and
Hindmarsh, 2002) and includes a detailed analysis of micro-events when
a user is interacting with an artifact as well as managing the ongoing
conversation with co-located individuals.
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4 THE PROTOTYPE

The prototype named Rescuelab, aims to target the needs of timely and rel-
evant information in incident response work. Fundamental requirements
in such work have been reported of in Landgren (2004) and are access to
information describing the incident location with contextual information.
Based on these high level requirements the prototype was developed con-
sisting of two main components: an interactive map of the city and specific
property information linked to the position of specific risk objects.

The interactive map is basically a street map with functionality to zoom
and scroll. Depending on the zoom level additional layers of contextual
information becomes visible such as building borders, aerial-photos of
buildings, fire hydrants, recreation areas, industrial areas and so forth.
Specific property information, consist of a set of information for each par-
ticular property such as a hospital, a school, a factory, a shopping mall. Each
property is described by a schematic map, showing preplanned interven-
tion routes, hazards, ventilation shafts and other contextual details. For
some of the properties building blueprints are available. Aerial-photos are
available for all properties.

Interaction with the prototype is done via the touch screen no hardware
buttons are used. The prototype runs on a rugged tabletpc with a weight
of 2 kilograms. Macromedia flash and html has been used to develop the
user interface. Map-functionality is provided using a commercial GIS-soft-
ware.

4.1 THE FIELD EXPERIMENT SCENARIO
The following scenario information is presented to give the reader an indi-
cation of what type of exercise incident the fire crew were dispatch to.
The exercise incident was based on a scenario where a person calling
the SOS 112 explaining that; while sitting in the kitchen seeing through
the window some smoke at the facade of the nearby factory. The caller is
unable to see any flames and is unsure if there is a fire but feels required
to contact the SOS 112. The operator sends an alarm to the local fire sta-
tion, dispatching them with the following incident description “Investiga-
tion potential fire at, Blinksfactory, Mortarstreet 17”. En route to the factory
location, the incident commander (IC) contacts the command centre. The
command centre operator provides some additional information; “The

caller says he has seen some smoke from the facade of the factory, ..he calls
from Landstrikestreet ... it was difficult to get anything else”. The IC response
“okay...we will have a look when we arrive, over”.

When the fire crew arrived to the incident location, witnesses near the
factory premises informed one of the firemen that they had seen a per-
son on the factory roof. The fireman receiving this information contacted
immediately the incident commander about this report.

The scenario was constructed to include situations with ambiguity
which potentially would provide instances of sensemaking and where the
use of the prototype could support the ongoing work. The scenario was
constructed based on more than 8oo hours of field studies of operative
fire crew work, and therefore based on situations that the fire crew had
been experiencing.

5 FINDINGS

In this section findings from the field experiment will be presented. Two
instances of sensemaking supported by IT-use will be presented in the
following two subsections showing how the prototype supported the
incident commander and the fire crew in their efforts to make sense of
the incident and to form appropriate actions. In the third subsection addi-
tional findings will be outlined from the field experiment regarding the
collaborative and shared use of the prototype.

5.1 SUPPORTING ENROUTE SENSEMAKING

The first instance of sensemaking supported by IT-use concerns the work
that is done by the fire crew enroute to the incident location. The use of
the prototype en route to the incident location was focused on determin-
ing the plausible location of the potential threat to the factory, namely
the facade where smoke where visible according to the caller. As pre-
sented in Landgren (2004) the use of reference points are important in
order to make sense of an incident location. The following excerpt from
the recorded information illustrates a conversation in the rescue vehicle
concerning how to make sense of the plausible incident location at the
factory premises.
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IC = Incident commander, DRIVER = driver of the vehicle,
FM = Fire Crew Foreman

01:1C: If one looks from the Landstrikestreet, then it should be some
where here (pointing on the screen).

02:1C: Take it [the tabletpc] (The IC hands over the artifact to the
fire crew foreman and the two firemen in the backseat compart-
ment).

03: DRIVER: It's the back of the factory you see from up there.

04:IC: Yes, any other side of the factory is not visible to him [the
alarm-caller].

05: FM: There is, up there...is the Landstrikestreet (leaning forward
showing the screen).

06:1C: Huhum (the IC turns round and looks at the screen).

07: FM: Hmmm...on the back....

Sitting in the front seat next to the driver, the IC holds the prototype with
the left hand while at the same time interacting with the prototype using
the right hand on the touch screen. The IC talks to the fire crew and express
his understanding of which side of the factory one could possibly view
from the position of the caller (o1). The IC is using reference points to trian-
gulate a plausible location to proceed to on the factory premises. Following
to this, the prototype is handed over to the firemen in the backseat (02). The
driver contributes to the conversation (03) and the IC emphasizes the posi-
tion of the plausible location. In the backseat the fire crew foreman (FIM)
starts to interact with the prototype and engage the IC in the front seatin a
new triangulation effort (o5). The IC turns his head and looks on the screen
and confirms (06). The FM says quietly “hmmm...on the backside” (07).

In the above excerpt it is shown how the location maps provide mate-
rial for sensemaking by improving the ability of using reference points
to determine the plausible location of the incident location. The location
maps provide cues to the people in the vehicle and based on their prior
knowledge about the factory surroundings, a commitment of where to
proceed on the premises is formed.

5.2 SUPPORTING SENSEMAKING TO FORM APPROPRIATE ACTIONS

The second instance of sensemaking supported by IT-use concerns the
work on the incident location in the efforts to form appropriate actions.
The prototype is not only used en route to the incident location but also to
make sense of appropriate actions on the incident location. In the follow-
ing excerpt it is shown how the prototype is used as an artifact to make
sense and form appropriate actions. In the initial sequence a fireman and
the fire crew foreman (FM) is using the prototype to locate their current
position on the schematic building maps.

Prior to the following conversation the incident commander and the fire crew
have been informed that witnesses near the factory premises have seen a
person on the factory roof.

IC = Incident commander, FM = Fire crew foreman
10: FIREMAN: That would be this one..We are here, huh?
11: FM: Yes.

12: FM: One could go round here ...up here, from the opposite
side...one can go through to this section.

The incident commander (IC) walks up to them, expressing a concern regard-

ing what building section is connected to the main roof of the building.

13:1C: I don’t know if it is connected to those ladders on the roof. Bill
is up there right now... the question is if should take the extendable
ladder and go up on the roof just behind us.

14: FM: If you see here it looks as if it is a bypass there. (pointing his
finger on a bypass on the schematic building map).

15:1C: Yes.
16: FM: That’s a separate building (pointing on the screen).

17:1C: And you mean that we should go up here, slant across from
here (pointing with his hand across his shoulder)...take the extend-
able ladder it is only three meters [high].

18: FIREMAN: Okay.
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What is show in the excerpt above is how the IC interrupts the FM and fire-
man in their discussion of the location and expresses a concern regarding
which building section to use in order to bring additional people up on
the roof (13). The FM uses the prototype to show contextual restrictions
on the premise (14). The FM continues to explain that the nearby build-
ing section actually is a separate building, not visible from their current
position (16). The IC expresses an interpretation of the FM’s intention and
forms appropriate action (17). The fireman standing next to the IC and FM
agrees to that action (18).

The confusion regarding which building section is connected to the
main roof was managed by face-to-face interaction between the FM and
the IC. Rich media mediated by the prototype provided multiple cues.
These cues were used by the IC to form the appropriate action and to get
commitment to that action.

5.3 COLLABORATIVE AND SHARED USE

As shown in above subsections, emergency response work is a collab-
orative activity where sensemaking is fundamental. In this subsection
additional findings from the field experiment will be presented showing
collaborative and shared use of the prototype.

Before outlining this issue, let’s briefly present the information
technology currently in use in some fire and rescue services in Sweden.
Information technology currently in operative use is designed to provide
similar functionality as the prototype used in the field experiment. But, a
fundamental difference between the prototype and the existing technol-
ogy use available for operative rescue services in Sweden, is the stationary
design. The information technology currently in use is mounted in rescue
vehicles restricting it from a mobile use. In the field experiment it was
shown how the mobile technology manifested in the prototype can and
will be used by different roles in the fire crew and in a variety of settings.
During the exercise the prototype was not only used by the IC alone or by
the IC in collaboration with another role, but also by roles independently
or in collaboration with other roles.

At afew occasions during the field experiment, the IC handed over the
device to either the fire crew foreman or a fireman. One such hand-over
occurred in the vehicle en route to the accident location, While en route
to the accident location, one of the firemen in the ladder vehicle (413) con-

tacted the IC in the rescue vehicle (411) and asked for positions regarding
the location of fire hydrants. The following sequence illustrates potential
problem of who is actually using the device and where such use takes
place.

IC = Incident commander

30: FIREMAN IN VEHICLE 413: 413, 411.
31: IC: Over.

32: FIREMAN IN VEHICLE 413: Just want to check if you
have found any water, to help us a bit.

33: Just a moment...eh it [the device] is in the backseat
right now so we have to call back.

34: FIREMAN IN VEHICLE 413: Okay.

35:1C: You contact 413, jonathan [referring to the
fireman holding the device].

36: FIREMAN IN THE BACKSEAT OF 411: Yes.

The fireman asking for assistance in locating fire hydrants contacted the
rescue vehicle 411 over the common en route radio channel. This channel is
open during en route and used for communication between the command
center and all vehicles en route to an accident, as well as between vehicles.
The incident commander is responsible for handling such radio traffic in
rescue vehicle 411. The radio is positioned next to the IC's seat. The IC had
prior to this call for assistance handed over the prototype to the firemen in
the backseat, making a respond to the request impossible. The IC handles
the situation by asking to call back in a moment and asking a fireman
(Jonathan) in the backseat to search for the information and contact the
ladder vehicle 413. This situation shows how the prototype is used as a
common resource for the fire crew in the rescue vehicle and indirectly by
firemen members of the fire crew located in other vehicles. The hand over
situations and the unconstrained access to the prototype shows that the
technology is shared within the group and is potentially perceived as a

common resource.
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6 DiscussiOoN

In this section, the findings presented in this paper will be discussed.
There are three issues that will be elaborated; instances of sensemaking
supported by IT-use, technology in a collaborative practice and finally
some reflections of the use of field experiments and prototypes will be
presented.

6.1 TECHNOLOGY TO SUPPORT SENSEMAKING

Sensemaking is based on the assumption that “reality is an ongoing accom-
plishment that emerges from efforts to create order and make retrospective
sense of what occurs.” (Weick, 1993). The job for the person trying to make
sense of a situation is to convert experiences to something meaningful
and this is highly dependent on the social context. Situations are progres-
sively unfolding and clarified and this clarification emerges when people
inretrospect brings the pieces together to create a sensible explanation of
the situation. As shown in the findings to make sense, people as actorsin a
social context will interact and make committed actions based on cues that
help them to justify their actions in that particular social context. Findings
from the field experiment show instances of sensemaking where location
specificinformation mediated by information technology can improve the
fire crew’s sensemaking ability. This claim is supported by the observa-
tion of how the information provided by the prototype was used in the
conversation between the individuals in the social context of the fire crew.
Further, the cues extracted based on the information presented in the pro-
totype formed commitment for those actions. As mentioned, sensemaking
is a social activity and as such the material provided to make sense is also
part and forms that social context. As shown in the findings, making sense
is a social activity and a collaborative effort. This is vital to understand
when the artifacts used for sensemaking will be discussed next.

6.2 TECHNOLOGY IN A COLLABORATIVE PRACTICE

Information technology mediating vital information is, whether or not the
intended user is a specific role, part of the collaborative practice and by
such also in this work domain associated with a shared use. This has impli-
cations on how to design emergency management information systems
and how information technology is introduced in the incident command

structure. The typical command structure is highly hierarchical and the
term chain of command, clearly illustrates that information and decision
is a top-down process. However if the incident response, where a sense-
making ability is critical, is a collaborative activity and the physical tools
and technology artifacts are viewed as common resources then the design
of information technology to support incident response must comply to
the work culture and the collaborative practice. Designing information
systems for specific roles and designing functionality that requires that
specific role’s immediate attention could conflict with the current work
practice. The findings from the field experiment shows how sensemaking
as a social activity is a collaborative effort and not an effort only man-
aged by one role. A role-focused design of information technology and
information systems as suggested by (Turoff et al,, 2004) could potentially
have severely negative effects of the ability of the first responders. This
does not mean that a role-based design is inadequate but rather that we
must extend our understanding for the social activities and context of a
particular role and provide a design that can accommodate for a collabora-
tive practice. If we overlook the social dimensions of collaborative work
practice we might design information systems that not only are seen as
inappropriate by the work force but also and more importantly, decrease
the efficiency of a response operation.

6.3 TECHNOLOGY AS A VEHICLE TO UNDERSTAND WORK PRACTICE

The fleld experiment has highlighted at least one vital issue impossible
to explore without actually moving out in the field and putting informa-
tion technology in the hands of the work group. The field experiment was
intended to probe for sensemaking supported by IT-use in a reality-like
situation but did also provide an opportunity for the researcher to explore
additional questions very hard to imagine before the field experiment. The
prototype did provide knowledge about the practice that prior to the exer-
cise was still unknown. A note of advice to individuals that are involved
in exploring the use and design of information systems for crisis manage-
ment and emergency response is to move out in the field and not only
study the actual work but also to use the work setting to further explore
this research field.
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7 CONCLUSIONS

This paper has presented findings from a field experiment used for prob-
ing instances of sensemaking in a fire crew in emergency response work.
The field experiment resulted in additional findings concerning aspects
of the work practice that potentially have implications on the design of
emergency management information systems. A key finding from the
field experiment is that there is a potential conflict between the role-based
emergency management information systems and the collaborative prac-
tice of first responders. Further it is advocated that prototypes should be
used to dig deeper in the extrinsic of the work practice difficult to uncover
using only direct-observation or interviews of current work practice. The
intention should not always be to design prototypes that “fit” the work
practice but to design prototypes that can help us gain further and more
detailed knowledge of the setting.
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ABSTRACT

This paper presents descriptive accounts from an ethnographic study

of time-critical work in the domain of emergency response and the opera-
tive work of fire crews. The verbal communication as part of such work
creates difficulties in providing accountability of the fire crew’s actions.
The concept of work rhythms and temporal structures is used as an ana-
lytical framework. Design implications are presented suggesting that
verbal communication should be made persistent, visible and accessible
in order to support accountability. These design implications are discussed

in relation to the fire crew’s work practice.
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T INTRODUCTION

In a range of professions, people experience periods of severe work inten-
sity due to a work context where time-criticality and timing are key factors
for success. This is typically the case in control room work such as traffic
controlling [10, 3], emergency dispatch [16] and network troubleshoot-
ing [22]. For all these settings the notion of time-critical work captures a
core aspect. Time and timing are important and failing to comply is often
related to fatal consequences. In these settings it is not only important to
make competent and timely actions but also to document the actions in
order to coordinate the work and to provide accountability of the actions
taken.

In such settings, computer-supported collaborative work (CSCW) appli-
cations have an important and central role by providing shared visual rep-
resentations to promote collaboration between distributed actors.

However, severe work intensity and time-criticality are not exclusive
for control-room settings but also an unavoidable part in field-work set-
tings of mobile professionals such as for service technicians [6], police
patrols [14] and firemen [13]. In these non-office work settings collaboration
is accomplished using other means than traditional CSCW-applications.
Studies of people engaged in physical tasks and physical collaboration
have shown that speech is the primary mean for coordination [7]. Verbal
communication is beneficial for coordination but implies a distinct prob-
lem regarding accountability.

This paper reports from a study of time-critical work in the domain
of emergency response, with a focus on emergency response work per-
formed by firemen. In emergency response work, documentation of
actions taken as part of an incident has become increasingly important
but very problematic due to the absence of appropriate support. Tradition-
ally, documentation has been an activity that primarily takes place after
the physical emergency response operation has been completed and the
fire crew is back at the fire station. This is about to rapidly change. There
is now a strong movement in the emergency management community
enforced partly by new national accident prevention legislation and partly
by a general awareness that documentation of vital events and actions
could provide insightful material for analysis and improvements of the
work practice. Attempts have been made to explore the use of handheld
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devices for documentation of important actions during response work. The
results of such efforts have been poor. Managing documentation activities
during response work has conflicted with the physical work to handle the
emergency.

The research question addressed in this paper is: How can accountabil-
ity be provided in a time-critical work practice where verbal communica-
tion is the primary mean for coordination?

2 RELATED WORK

There are several reasons to the unsuccessful attempts to provide informa-
tion technology support for documentation as part of emergency response
work. Not surprising, the problems are related to inadequate technology
design in relation to the pre-existing work practice. These problems will
be discussed in relation to related work.

First, a major problem is the focus to provide information technology
designed to fulfill the needs of a paper based practice. Studies of time-
critical work have shown that textual information is not necessarily the
obvious means by which people coordinate their work. Instead, for some
work practices the primary means of coordination is speech [19, 22]. Studies
of communication patterns in emergency response work support this view
showing that ambiguous situations result in an increase of spoken com-
munication [5]. User-centered studies of fire crew radio-communication [4]
have shown the need for improvements regarding radio communication
functionality.

Second, the aim of the documentation is understood to focus on cap-
turing explicit decisions and important events as part of the work on the
accident site. In emergency response work of fire crews, decisions are not
explicit, but intertwined in the conversations and the situated actions.
Firemen rarely reflect on several decision alternatives but rather use a
single option strategy [11]. Sensemaking and not decision making is the
issue that is central to the fire crew work in emergency response. Analy-
sis of break-downs in sense-making [20] and studies of how information
technology can support fire crews in emergency response work [13] show
how the effort to make sense is central in operative emergency response.
Sensemaking as defined by Karl Weick is as an individual and collective

process where “reality is an ongoing accomplishment that emerges from
efforts to create order and make retrospective sense of what occurs.” [20].
This is contrasted to decision making where the question is what shall we
do, whereas in sensemaking the question focuses on what is going on. A
fundamental aspect in sensemaking is to understand that a person or a
collective’s experiences of a situation are progressively clarified, and that
this clarification works in reverse [21]. In emergency response, the situation
which the fire crew responds to is many times unclear or ambiguous. In
order to make sense, people must act since, from a sensemaking perspec-
tive, it is understood that action precedes understanding. People actively
interact to create meaning by the enlargement of small cues and form-
ing a structure to provide meaning. A fire crew cannot wait to respond or
postpone their actions, even when the situation is equivocal. They must
act even when the risks are severe, which was brutally evident in the 9/11
World-Trade Centre disaster.

Third, time-criticality and rapidly changing situations limit the ability
and priority to type in information to provide documentation. The need
to make physical actions takes precedence over what is understood as less
important work. Further, studies of service technicians have shown how
users struggle to align the mobile computers with the work situation at
hand due to interaction issues. Making place [12] for IT has become an
extraneous activity to adapt the situation to the abilities of the mobile
technology. In other studies [6], embodied interaction has been adopted
to guide the design of mobile technology for service technicians in order
to avoid such problems.

In the next section, work rhythms and the notion of temporal struc-
tures will be adopted as an analytical framework to illustrate aspects of
time-critical emergency response work.

3 ANALYTICAL FRAMEWORK

The Time has gained renewed attention in organizational studies and in
IS-research. Recent studies suggest that time provides a new and comple-
mentary lens [1] to the existing strategic design, political and cultural
lenses used to explore how organizations function. They claim that a
primary benefit of applying a temporal lens is that it allows us to explore
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not just processes and practices but the pace by which they move, the
trajectory over time and what they align with.

Wanda Orlikowski and JoAnne Yates present the concept of temporal
structuring to show how people experience time through the shared
temporal structures they enact continuously in their everyday practice.
People produce and reproduce a range of temporal structures which
shape the temporal rhythm of their ongoing actions. Further, a practice-
based perspective is applied that is suggested to overcome the traditional
dichotomies that earlier researchers have used to discuss time, such as the
dichotomy between subjective vs. objective conception of time [15].

From an IS-perspective, Madhu Reddy and Paul Dourish have made
studies of temporal thythms and information seeking in medical work [17].
They propose that information seeking should not be viewed as a sepa-
rate task from other work activities. Instead they suggest that information
seeking must be understood as an integrated activity in the everyday work
of medical workers. By outlining large-scale and fine-grain temporal struc-
tures in the everyday work they illustrate how information seeking is a
seamless and interwoven part of the everyday work and by that shape and
is shaped by the work rhythms. This means that people create temporal
structures as means to accomplish their work; project deadlines, meeting
schedules and even lunch breaks can be seen as temporal structures. When
people create temporal structures, they become also dependent on them.
They shape their own work in relation to the temporal structure, such as
working overtime to meet a deadline, or by re-scheduling a deadline.

In this paper, the concept of work rhythms and temporal structures
will be adopted to give a contextual view of the rhythms and temporal
structure in emergency response work. The concept of large-scale has been
applied here to identify and present the large-scale rhythms of emergency
response and related temporal structures.

4 METHOD AND RESEARCH SETTING

This study is part of an action-research project [1] focusing on the design
of information technology use in supporting emergency response work of
fire crews in communal fire and rescue services. An extensive field study,
started in 2002, has been conducted using an ethnographically inspired

approach [9] with approximately 800 hours of participant observations.
The observations have taken place as part of the fire crews’ normal work
shifts including 10-hour day shifts, 14-hour night shifts and 24 hour week-
end shifts. In order to study emergency response work using a participant
observation approach, also non-emergency work has been covered in
this study. Emergencies are not easily scheduled which has resulted in an
ongoing prolonged field study. On incidents, the author has been using the
mandatory protective jacket, pants, boots and helmet.

The rich and large amount of material from the field study is used for
providing a deep understanding of the work practice in order to inform the
design of information technology use.

The data presented in this paper is from one incident but analyzed in
relation to material of the entire study. The data consists of transcribed field
notes written down during the response work as well as after an incident.
Fire crew radio-communication on the incident location has been recorded
using an mp3-player taped on the handheld radio. Radio-communication
during transportation has been recorded via the vehicle communication-
radio. The recordings have been transcribed and analyzed. Interviews have
been made with fire crews for the purpose of capturing their reflections
of recent incidents and their reflections on how they experience aspects
of the time-critical work.

The setting reported of in this paper is operative emergency response
work in communal fire and rescue services in Sweden. Fundamental char-
acteristics of emergency response work is the uncertainty of what a fire
crew will face on arrival to the accident location, the ambiguity resulting
from incomplete or incorrect information from the alarm-caller, and the
urgent actions that need to be done by the fire crew that are both unable
to postpone and irrevocable when made. The physical work of emergency
response is performed by fire crews. A fire crew consists of one fire crew
commander (FCC) and four to six firemen. The fire crew commander takes
the role as incident commander (IC) when the crew is dispatched to an
emergency. When additional fire crews are dispatched to the same inci-
dent, a new commanding level is also dispatched and the role of incident
command is switched to this new level. Incident dispatch is triggered
by SOS-112 alarm-call and managed by command centre operators (CCO)
located in a central command centre.
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4.1 RETROSPECTIVE DOCUMENTATION PRACTICE

Prior to presenting the work rhythms and temporal structures in emer-
gency response work, the current retrospective documentation practice
will be outlined. Documentation of emergency response work is a retro-
spective activity accomplished at the fire station after the emergency
response operation. It is retrospective in the sense that the documentation
outlined in an incident report is based on the reflections of a completed
operation, based on the memories of the incident commander and brief
notes scribbled down in note books, and in hindsight with the knowledge
of the result of the operation. To a varied degree and depending on the
organizational norms, some incident commanders make brief notes of
important events and actions using pen and paper. Progressively and
slowly, the documentation practice has evolved to include alsospecific
time-stamped events generated and logged by the command center’s
computerized dispatch system. A range of time-stamped events have
been added to the documentation and includes, time at the dispatch event,
turn-out time, time at arrival, time at intervention and the time when the
response work was completed. On the basis of all these time structures,
lead-times are calculated. The incident documentation is performed using
a computerized incident report software where the incident commander
type-in the accounts and reflections of the incident. The incident documen-
tation includes both qualitative (retrospective accounts) and quantitative
information (time-stamped events). When completed, the documentation
is submitted to the national Rescue Agency for statistical analysis.

5 RESULTS

In this section results from participant observation of an actual incident
are used, in combination with excerpts of transcribed radio communica-
tion from the same incident. In addition to this, also data from interviews
with fire crew commanders and firemen is used to provide a rich illustra-
tion of the work practice.

In emergency response work, one can broadly speak of three sequential
and distinct large scale rhythms. The initial rhythm is the mobilization
rhythm where the fire crew receives the alarm and is dispatched to the
accident location. The second rhythm is the intervention rhythm starting

when the fire crew arrives to the accident site and starts their physical
intervention. Following to this is the situational adjustment rhythm where
the fire crew’s initial work has had some effect on the emergency. In the
following subsections aspects in these three large-scale rhythms will be
outlined.

5.1 MOBILIZATION

The initial thythm in emergency response work is caused by the triggering
of an alarm. This rhythm has two major temporal structures; awakening
and transportation, and is characterized by the sudden interruption of
the ongoing activities and switch of attention to the preparations for the
emergency response work that in short time will be accomplished.

“Station B. Major Alarm. Automatic fire-alarm at the Carl-Johan
School, Admiral street seventeen.”

5.1.1 AWAKENING

The distinct sound from the fire station alarm speakers creates an immedi-
ate interruption of the current ongoing activity. The fire crew experiences
a sense of awakening where the sudden alarm is forcing them to switch
focus, listen to the crackling sound when the operator’s voice informs
about the type of alarm and street address.

“When the alarm is sounded there is directly a sort of increased
level of adrenaline or at least an awakening time where you wake
up from you current activity, an interruption of what you do, and
you are trying to listen to what the alarm is about.” (Fireman)

While the voice informs about the alarm, the firemen proceed rapidly to

the protective gears and rescue vehicles in the ground-floor garage. On

their way to the ground-floor the fire crew speaks rapidly in short sen-

tences clarifying the address and the driving directions to the location.
IC: Did he say Admiral Street seventeen or seventy?

FIREMAN: Seventeen...it is on the east-end of the admiral street.

The level of intensity in this activity is strongly related to the type of alarm
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and the time of day. If the alarm type is Automatic fire alarm in a nurs-
ing home in the middle of the day, then the alarm is understood as less
critical compared to the same alarm three o’clock in the morning. The fire
crew actions in the temporal structure of awakening are highly shaped by
the 9o seconds turn-out time limit but they also shape this structure by
adjusting their tempo in relation to type of alarm and time of day. In this
initial moment the speed of actions and intensity of their conversations in
the awakening temporal structure indicate the degree of seriousness that
the fire crew assigns to a specific alarm.

5.1.2 TRANSPORTATION

The rescue vehicles leave the fire station and start the transportation
towards the accident location. The incident commander contacts the
command centre and confirms that they are on their way. The command
centre operator informs the incident commander about what is known
about the accident and what additional resources at this point in time
have been dispatched. Often, the words of the command centre operator
are hard to hear by the firemen sitting in the backseat. The incident com-
mander repeats the information to the fire crew. During the transportation
to the accident site, the fire crew is preparing for the potential situation
on arrival. The conversation in the vehicle is dependent on how much the
fire crew knows about the location and the resources available to make
sense of the brief and sometimes incomplete information. Suddenly the
command centre operator informs:

CCO: We have received a call from the school and they say that
there is a fire in a hall-way of building C...you will get backup from
station C and station D with rescue and ladder units.

IC: That is acknowledged...did you say building C?
CCO: That is correct, over.
The information from the command centre operator is not just used to

determine what has happened but also an indication of the scale and seri-
ousness of the incident. A fireman explains:

“You try to listen to what is said to the IC over the radio, if there
have been many calls about this incident. You know...you can hear
the way the operator is talking to know if it is serious or not.”

The time period of transportation provides the fire crew with a few min-
utes for preparation and making sense of what will face them upon arrival.
A fire crew commander explains:

“Even if we do no physical work, we are still sitting in a rescue
vehicle that is moving at high speed in the traffic. The guys are
checking their stuff. The driver has the highest intensity due to the
effort of driving fast to the accident site. So even if it could look as
we are doing nothing, we are experiencing the opposite. Some of
the guys might know the exact location and how the location looks
and based on that you try to make a mental picture, what could be
expected when we arrive, how we should deal with a certain issue
that is specific for the accident location. So, even if it could be very
quiet, that does not imply inactivity.”

Incomplete or ambiguous information from the command centre can
result in a significant effort for the fire crew to make sense of the situ-
ation, enroute to an accident location. Difficulties to make sense of the
accident location result in intense conversations among the fire crew and
pro-longed communication with the command centre [13]. What could
have been perceived as non-productive time is by the fire crew used as an
important time to prepare and make sense of the accident and location.
The fire crew has shaped this temporal structure to become a resource in
their preparations for the response work.

5.2 INTERVENTION

The fire crew shifts into a new rhythm when they arrive to the accident loca-
tion. The characteristic of this rhythm is the shift from a state of preparing to
a state of physical intervention in a set of parallel and coordinated activities.
The visual impression of the accident situation and the way civilians act on
the location contributes to the intensity of the intervention actions. Visual
signs of emergency, such as thick black smoke-clouds, flames out of the win-
dow of a building or a severely crashed vehicle are triggering factors.
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5.2.1 WINDOW REPORT

The arrival is a critical moment where the individual as well as collective
expectations, built up during the mobilization rhythm, either will be con-
firmed or rejected. The alignment of the built up expectations and the acci-
dent location’s visual impressions are critical in order to establish a rapid
intervention. As is illustrated in the excerpt below, a deviation between
the expectations and the impressions on site could significantly delay the
work.

“When you arrive, you get a confirmation on the things you've been
thinking and not thinking of. If the situation is similar to what you
expected then your thinking process fades, but it could also be the
opposite, it does not make sense ... what the heck is this ... what
should we do now? If this happens, then obviously it takes some
time to know what to do.” (Fire crew commander)

Based on the snap-shot visual impression of the situation a verbal report,
called window report, is provided by the fire crew commander, in the role
of incident commander, by radio to the command centre operator. This
report is very brief and the situation does not permit any discussions or
follow-up questions, just a short confirmation from the command centre
that the report has been received.

IC: (In vehicle Fs11): G400... F511 arrived... we have a fire and there is
heavy smoke from the hallway... | report back later.

CCO: F511 that is acknowledged.

This report is the first verbal formulation to the command centre that
explicitly is capturing what the situation is all about, based on the under-
standing of a rescue services professional on site. The window report is
communicated using the radio allowing other fire crews enroute the acci-
dent location to take part of the information. There can be significant dif-
ferences between what a non-professional has told in the 112-SOS call and
what the commander reports upon arrival. The report is therefore, even if it
is a snap-shot impression, a vital moment for how the subsequent actions
on the accident site and the actions at the command center will be shaped.
Based on the report, additional resources can be prepared for or directly
dispatch by the command centre operator.

5.2.2 SITUATION ASSESSMENT

When the fire crew dismounts the vehicles, the commander starts a situa-
tion assessment and the firemen begin to deploy equipment according to
a pre-planned routine that corresponds to the situation at hand. The situ-
ation assessment has the goal of providing fundamental understanding of
the emergency in order to determine how to take control of the situation
and minimize its consequences. A fire crew commander explains:

“When you arrive, you must try to understand the scale of the
accident and not only from one side of the building, you must look
from several angles and that takes a time to accomplish. Because
of this, we have a set of planned actions so that | do not need to tell
the guys what to do but for them just to get things started. And by
having them started | have also created some time for me to do the
assessment.”

During the situation assessment task, the incident commander uses the
fire crew open radio channel to inform about the situation that could
require changes of the intervention tactics.

5.2.3 RUSHED DEPLOYMENT

While the commander is conducting the situation assessment the fire crew
begins the physical intervention based on a set of coordinated activities,
where each activity contributes to the progression of the intervention. The
pace in this work is significant. The driver of the vehicle man the pump,
the breathing apparatus team (BA-team) starts to lay fire hose and locate
how to get close to the fire. In case of locked doors they apply the “break-
in” kit to get access. The action of breaking-in is reported back, over radio,
to the commander. When the BA-team is ready to move into the hallway,
they call over the radio to the pump operator that set pressure on the fire
hoses.

The BA-teams’ eagerness to start fire suppression as fast as possible put
pressure on the pump operator to have finished the appropriate actions to
provide water. The pump operator is experiencing a tight deadline. Dur-
ing these activities there is an intense communication over the fire crews’
openradio channel, which provides awareness of the initiated work for the
fire crew commander adding this to the situation assessment. A fire crew
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commander explains that rushed deployment and situation assessment
is highly related:

"The orientation and assessment, well ... could be done by all of us.

I have to be sharp and listen to what the other guys are saying, they
see it from their perspective when they work. | have to take into
account their impressions but it is then up to me to make the deci-
sion, everyone cannot make the decision...but | would be stupid if

I do not listen to the guys, all this must be done in a very short time,
you do not want to delay the response operation.”

What is shown here is how the rushed deployment and situation assess-
ment is not really two distinct and separate activities, but two coordinated
activities that are distributed over the fire crew but ultimately being the
responsibility of the incident commander. The fire crew uses the open
radio channel to communicate directly to one individual or part of the
group while at the same time making the conversation available to the
entire fire crew.

5.2.4 STATUS REPORT

The situation assessment is communicated in what is called a status report
which is a verbal report with a specific structure. The status report is used
for updating the command centre of the ongoing work and to allow the
operator to update and prepare the arriving units. The following excerpt
is from a mobile phone conversation where the incident commander is
providing a status report:

IC: We have a fire here in the hall-way, we have initiated extinguish-
ing. There are some cardboards and rubbish on fire and heavy
smoke. | would like to have station C prepared to initiate search and

rescue.

CCO: That is understood.

The command centre operator calls over open radio channel to inform the
fire crew in the vehicles from station D about the situation and the task
that they should prepare for.

The status report has several purposes. It is used for providing a current
view of the situation but also to provide information that is important for
the arriving units. A fire crew commander explains:

"You try to provide the command centre with a report as fast as
possible. That means that after you have retrieved a fair amount
of adequate information, you want to share this knowledge with
them, because they cannot see any of all this but still they must be
able to provide the support | need. That is why it is important for
me to deliver a picture so that they can be part of the game.”

The status report is communicated over radio or mobile phone to the com-
mand centre. It provides information for the resources dispatched to the
specific incident and information for possible re-allocation of available
resources. The status report shapes the command center’s alternatives to
both assist the ongoing emergency and to provide resources for additional
alarms. Allocation and re-allocation of resources are time-consuming and
which makes status reporting important.

5.3 SITUATIONAL ADJUSTMENT
When the actions of the fire crew have started to take effect, the emer-
gency response operation is shifting into the third rhythm. The main
characteristic of this rhythm is that of situational adjustment, meaning
that the incident commander is planning ahead of the development of the
emergency and is adjusting the actions of the fire crew according to fore-
seen and unforeseen events of the emergency. Additional resources arrive
atthe accident location, adding the need of updating the arriving fire crew
commanders and higher ranking commanders of the situation. The ambi-
tion with situational adjustment is to control and force the emergency in a
desired direction. The incident commander and the fire crew commanders
are here working on different time scales. The fire crew commanders work
close with their fire crews and are directly involved in the physical work
whereas the incident commander has provided distance, both physically
and mentally, in relation to the emergency, and is focusing on keeping
multiple alternatives open for any sudden changes of the progression of
the response operation. This is illustrated in the following excerpt:

The unit from station C assigned to search and rescue has found
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additional floor plans that are filled with smoke. They report this to the
newly arrived higher ranking commander that has taken over the role as
incident commander. The incident commander immediately contacts the
command centre over radio.

IC: We have found additional smoke on level three
and four. When will station D be here, over.

CCO: Wait a moment.
CCO:They are arriving right now.

IC: Good, | estimate that we will be here for the next hour,
it will take some time to ventilate this building.

CCO: That is confirmed.

5.3.1 COORDINATION IN MOMENTARY MEETINGS

The incident commander and the fire crew commanders are coordinat-
ing their actions using a cyclic pattern consisting of short conversations
in momentary meetings. There is a continuous flow of short face-to-face
meetings and radio communication embedded in the physical work at the
accident site. The occurrence of these meetings is accomplished by mutual
adjustment. A higher ranking commander explains:

“These conversations happen when | need to check something or
shortly discuss an issue. The meetings are accomplished in action
when there is a need to talk to each other. If | see that Garry [fire
crew commander] is occupied with work then | won't interrupt
him.The same goes for him if he sees that | am in a discussion with
property owners and a few policemen, then he will solve the issue
without me.”

The momentary meetings are used for coordination of actions and shaping
of actions in the emergency response work. The actions are not always
known in advance but are formulated as part of the work.

5.3.2 PERIODIC REPORTING

Periodic reporting to the command centre is used both as a way of continu-
ously updating them of the current situation and to highlight any poten-
tial needs of additional resources but also as a way of moving the task of
documentation of important events away from the work on the accident
site. As is shown in the following excerpt, the incident commander use the
periodic reports as a way to let the command centre handle the documen-
tation of the ongoing work. A fire crew commander explains:

“In general | rarely make any notes and instead | use the verbal
reports to get something written down. | report to the command
centre on what is happening..important events, so that they can
add it to the protocol. And | do get disappointed if | see afterwards
that they have missed certain things...but they have become better
to make notes.”

The incident commander has shaped the cyclic temporal structure of peri-
odic reporting to move documentation activity away from the physical
work on the accident site.

IC: G400, over.
CCO: Yes, over.

IC: | have a representative from the school here, | will ask
her to take contact with you to provide the contact info.

CCO: Do so, over.

When the emergency is under control, the time period between the verbal
reports becomes longer. It is therefore not uncommon for the command
centre to take contact with the incident commander to request an update.

5.4 INCIDENT COMPLETION

Eventually the work for the fire and rescue services is coming to an end
on the incident location. This rhythm is characterized by the tasks of send-
ing back units to the fire stations and to inform property owners of their
responsibility for the premises. This rhythm consists of the following

temporal structure.
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5.4.1 DEMOBILIZATION OF UNITS

Fire crews start to demobilize as soon as the work at the incident location
comes near completion. The different fire crews are sent back to their fire
stations and only a small number of firemen stay at the location. Demobi-
lization of fire crews is a temporal structure that has significance for the
command centre. From the moment of the first fire crew’s demobilization,
the ability to handle the next incident is increasing. It is therefore impor-
tant to gradually demobilize fire crews that are considered unnecessary
at the location.

5.4.2 DECLARATION OF INCIDENT TERMINATION

When the work of the fire crews has brought the emergency to end, then
this is also the moment when the responsibility of the fire and rescue ser-
vices comes to an end. This clock-time is important to document and to
hand over the responsibility to the property owner in a clear and formal
fashion. The following excerpt shows how the declaration of incident ter-
mination is accomplished by a phone call to the command centre.

IC: Okay, we will now terminate the emergency response work ..the
time is sixteen thirty-four (16:34) and we hand-over the responsibil-
ity to the school representative.

CCO: That is understood.

The command center operator documents the clock-time in the incident
management system along with a note that the emergency response work
is completed. The property owner is from this moment formally respon-
sible for any further actions and the associated costs to clean-up, rebuild
and prevent people to enter the damaged area.

6 DESIGN IMPLICATIONS

Based on the results from the study two high-level design implications
have been proposed in order to answer the research question.

6.1 MAKE VERBAL COMMUNICATION PERSISTENT

Verbal communication has an important role for the involved actors in
the accomplishment of emergency response, regardless if the actors are
collocated or distributed. The verbal communication contains instances
of both coordination tasks and sense making efforts. The command centre
operator manually makes a few notes of what at the time was understood
to be important information. It is not an exaggeration to claim that only a
fraction of all the valuable information is covered by those notes.

The ephemeral aspects of verbal communication has formed a commu-
nication practice where significant amounts of information are repeated
in order to transfer it between actors that are using different communica-
tion channels or communication devices. The verbal communication over
radio or mobile phone is adapted to the time critical situation and consists
of short sentences with a clear message.

The actions of the emergency response work are represented in the
verbal communication. The actions are embedded in temporal structures
which form the conversation and are thereby also represented in the com-
munication. The work rhythm forms the conversations and makes aspects
of the context of those actions visible in the conversation.

In order to provide accountability of the actor’s actions in emergency
response work, the design implication here is that ephemeral verbal com-
munication must be made persistent. Making it persistent would open up for
possibilities to re-call and examine sequences or the entire communication.
Transforming verbal communication from a state of ephemerality to persis-
tence means in the most practical sense that the communication sequences
are recorded, tagged (time and sender id ) and stored as audio-clips.

6.2 MAKE VERBAL COMMUNICATION VISIBLE

In initial phases of emergency response, situations are rarely fully under-
stood. This means that emergencies are unfolding and gradually clarified
by the actions taken in the three work rhythms mobilization, intervention
and situational adjustment. In the mobilization rhythm the fire crew is
highly dependent on information from external actors. New information
during the work has significant impact on the understanding of the situ-
ation and the actions that need to be taken. Commanders engaged in the
response work must focus their coordination efforts ahead of the ongoing
situation.
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Making the verbal communication persistent to enforce accountability
will also provide means to structure and make the communication visible
and accessible as part of the emergency response work. In the process of
making verbal communication persistent, added meta data will provide
means of organizing the clips in a structure. The simplest structure would
be based on the timestamp, or aligned to the command structure based
on sender id. These structures would allow new ways to make visible the
work structure as a resource for sensemaking [21] as part of the ongoing
work. This means that the evolving collection of verbal communication
sequences would correspond to and make visible the unfolding and gradu-
ally clarifying picture of the emergency.

7 DISCUSSION

In this paper, accounts of time-critical work by fire crews in emergency
response have been presented showing that verbal communication plays
an important role in accomplishing such work.

The study shows that explicit documentation of actions, as part of the
emergency response work, is limited. This situation presents significant
problems for providing documentation for accountability purposes. Find-
ings from the study suggest that verbal communication should be made
persistent, visual and accessible for the actors in emergency response.

The design implications point in the direction of a dual use of the docu-
mentation; both for the post-emergency work and ongoing response work.

In post-emergency work, the use of the documentation is directed on
investigating the cause of the accident and evaluating the emergency
response operation. The persistent communication would here be seen as
a structure of digital traces of the actions and used for detailed analysis.
Further, in feedback sessions the involved fire crews will be able to access
the same structure of digital traces to “replay” the response work, analyze
detailed communication sequences and make sense of their actions in
order to both legitimize and improve their work practice. The approach
of meta-tagging the collected information will allow analysis based on
a specific actor or set of actors and also focus the analysis on a particular
point in time. In ongoing response work, the persistent communication
could be visually presented in a structure representing the involved actors,

relationships between the actors, the communication intensity and the
individual conversations. The structure would be accessible on the per-
sonal communication devices and used to provide cues and structure for
sensemaking for the actors as part of their ongoing work.

However, making verbal communication persistent, visible and acces-
sible would only provide minor value if the intended users have limited
time to use such information. Emergency response work is time-critical
and as presented in the field study characterized by temporal rhythms. The
use of persistent verbal communication must therefore be aligned to these
rhythms. Based on the findings from the field study, there exist occasions
where such persistent verbal communication is valuable and where time
is available.

One example of such an occasion is during transportation to the acci-
dent location. In current work practice, the fire crew is paying attention
to the radio conversation, both to what is said and how it is said, in order
to build expectations for the situation on arrival. A structure could here
be valuable for units that are dispatched to an ongoing accident. Another
occasion is found in the situation adjustment rhythm when the incident
commander brief newly arrived resources. The documentation would here
provide material for the conversation.

In relation to these occasions, there is also a potential use for fire crews
and external actors that are stand-by for dispatch to the emergency to take
part of the ongoing response work by having the access to the evolving
documentation. Further research is required to explore how the use of the
documentation can be used as part of the emergency response work prac-
tice. The next step is to develop a prototype and use it in field experiments
with fire crews and incident commanders.

Providing documentation of the actions of emergency response work
during the ongoing emergency will improve its value in post-emergency
analysis. The argument for this is that documentation of actions should
not become monitoring for post-emergency activity but a resource for
sensemaking in the time-critical emergency response work. The structure
of persistent verbal communication could become the shared visual rep-
resentation of work for fire crews similar to what is found in successful
implementations of CSCW-applications.

The suggested design implications address the major problems of emer-
gency response documentation, outlined previously in this paper. First, the
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documentation is not dependent on manual paper based note-taking, but
on natural spoken conversations. Secondly, by providing a structure for
the ongoing work, the documentation could become a resource for the
fire crew as part of their work practice where improved ability to make
sense contributes to the result of such work. Third, in time-critical work
the work rhythm and key temporal structures will be reflected in the
communication and seamlessly collected and structured. The time-criti-
cal aspect of emergency response work would not provide a problem for
documenting the actions but instead become a triggering mechanism. The
higher intensity in the work, the more communication will occur, which
in turn will result in more traces of actions to capture and make visual in
the structure.

The arguments put forward of making verbal communication persis-
tent, visible and accessible for the actors in time-critical work, are partly
confirmed by prior studies. There are two studies that from different
perspectives confirm the design implications. First, a study by Rogers and
Brignull, on technicians in distributed teamwork [18], shows that exter-
nal representations of verbal communication reduce cognitive load and
improve problem solving in dynamic situations. Second, the Whittaker
and Amento study of network technicians have shown how persistent and
visualized speech from a voicemail system improved the coordination of
solving network failures [22].

Both these studies confirm the arguments but from other perspectives
of time-critical work. In the first study, the objective was to reduce cognitive
load in problem-solving situations. Whereas in the study presented in this
paper the focus is not on the individual tasks and prioritization between
tasks but on providing accountability and thereby improving sensemak-
ing.In the second study the point of departure was the existing voice-mes-
sages, and an invalid work process and lacking system functionality to
make use of these verbal messages for problem solving and coordination.
This is in contrast to the situation reported in this paper where the actors
have non-existing computerized support and the verbal communication
is continuously evolving as part of the ongoing work.

Mobile phone and short-wave radio communication has been widely
adopted in most work settings of society for a long time now. The use of
such technologies have innovated the means by which we accomplish
our professional and everyday activities. However, as this study shows the

increase of verbal mediated communication presents also problems for
organizations where time-criticality is a core issue.

8 CONCLUSIONS

This paper presents descriptive accounts from an ethnographical field
study of time-critical work in the setting of emergency response accom-
plished by fire crews.

Work rhythms and temporal structures of emergency response have
been outlined showing that verbal communication is the primary mean
for coordination in such work. Descriptive accounts have been presented
that illustrates large scale rhythms and temporal structures of emergency
response work, that both form and are formed by the work of the fire
crew. The fire crew’s actions are embedded in these temporal structures
and represented in the verbal communication. The study shows that docu-
mentation has a limited role for the fire crew in the ongoing emergency
response work.

Implications for design have been presented to provide answers to
the research question; how can accountability be provided in a work practice
where verbal communication is the primary mean for coordination? Account-
ability can be supported by designing system functionality that makes the
verbal communication persistent, visible and accessible.

Making verbal communication persistent to support accountability
also offers improvements for coordination and sensemaking of the ongo-
ing emergency. Access to the verbal communication would provide cur-
rently unavailable material for post-emergency analysis.

Much work is still needed to be done in exploring the relationship
between the temporal structures and the actions of the fire crew and how
this could provide new and innovative approaches to improve the quality
of emergency response work. This will also establish a deeper understand-
ing of how the work will be affected by new documentation requirements
that in turn are dependent on new capabilities of information technology
and the actor’s use of such technology.

Implementation of systems that can make visible the actions in emer-
gency response work is both a technically and socially challenging task.
There is always a risk of ending up with systems that fail to comply with
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natural social behavior [8]. Seamless processing of verbal communication
will form the way people accomplish their work. People will potentially
adjust their actions and form new ways of interacting in relation to what

traces will be collected, stored and used.
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ABSTRACT

This paper presents descriptive accounts of time-critical organizing in the
domain of emergency response. Patterns of mobile phone interaction in
such work is analyzed showing how the dyadic exchange of mobile phone
numbers between the actors plays an important role in the social inter-
actions in the organizing and sensemaking of the emergency. Enacted
sensemaking is used as an analytical framework. Implications for design of

emergency response information technology are outlined and discussed.
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T INTRODUCTION

The society of today is increasingly vulnerable to disturbances or collapse
of critical infrastructure caused by man-made accidents or natural disas-
ters. Efficient responses to such events are not only important to limit the
consequences in a human dimension but also from environmental and
economic dimensions. Emergency response and management in relation
to information and communication technology (ICT) use have in the last
few years gained increased attention by researchers and visibility in the
Information Systems research community.

Studies of technological risks [22], organizational reliability [23] and
breakdowns in sensemaking [28] indicate that accidents will continue to be
an unavoidable part of everyday life. In a complex society, crisis and emer-
gency response is no longer just a local concern involving one dedicated
organization but requires the collaboration of several organizations.

Information technology is therefore fundamental in the emergency
management system to mediate intra and inter- organizational collabora-
tion.

Since a few years, Swedish rescue services under the authority of local
counties or county alliances are in the process of introducing ICT in the
operative incident response organization. Vehicle navigational support,
mobile access to property information and hazardous material databases
are applications that have gained significant interest. Rescue services in
metro areas have invested in mobile command units, mobile command
and control systems and wireless connectivity to the command centre
network. However, integration between stationary systems and mobile
systems is lacking. On a national level, a new radio-communication net-
work is being rolled-out involving new possibilities for improved voice
communication between the rescue services, the police, customs and coast
guards.

There is a tendency to be an accumulation of more and more informa-
tion technology especially at the operational level in emergency response
work [31]. There are many ideas of what type of information technology
emergency responders should use and how such technology could make
a difference, less is know about what emergency actors actually use and
the role of such technology.

This paper studies time-critical emergency response work and investi-
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gates mobile phone interaction in such organizing based on empirical data
from two major incidents.

2 RELATED WORK

Prior studies on information technology in emergency response settings
include; studies of incident command structures [2], information technol-
ogy as an organizing resource [3], key functionality in emergency manage-
ment information systems [26], improved design of radio communication
on the fire ground [4], ubiquitous computing to improve accountability
and awareness for the fire crew [10].

Within the field of HCI and CSCW, a number of studies have focused
on work in time and safety-critical work, including air-traffic control [9],
subway crisis management [8] and emergency response centers [21, 18].
Other studies have focused on extreme or radical collaboration [16, 25] in
war-room settings as a response to an organization’s complex engineer-
ing problems. Studies of medical emergency response work practice have
focused on design ideas based on the victim [11] as boundary object. Stud-
ies of the work practice of fire crews have explored preparation activities
enroute to accident locations [12] and how temporal rhythms in small-
scale incidents could be one input for improved accountability [13] and
sensemaking.

It has been claimed that CSCW-system designs assume that the work-
ers are organized into teams with clearly defined and stable roles [17].
These systems are designed to support users within one organization with
a predictable structure of workplace interaction. At the same time it is clear
that relationships outside the organization are critical to most organiza-
tions. These relationships, with clients, suppliers, government, and others,
are often ICT mediated and computer based systems for collaboration and
cooperation, and virtually extended outside the organization.

Many organizations put tight boundaries around their networks to
restrain communication from leaving, and communication from entering
the organization. Whereas there are many types of ICT used in organiza-
tions, there is one technology that is more reluctant to adhere to organiza-
tional borders than others; the mobile phone.

Studies of mobile phone use in professional work have shown how this

technology has had impact on the temporal boundaries of the work day
[20]. Further, studies of police work have shown that mobile phones allow
changes in intra-organizational role relations with co-workers as well as in
inter-organizational relations with the public [15]. One of the key aspects
of the mobile phone is that the mobile phone number provides the only
fixed address to otherwise flexible, independent and mobile individuals [1].
Studies of the relief work after the Katrina Hurricane shows that mobile
phones was used for communication between ephemeral response groups
and the first communication technology that became operational in the
aftermath [s5].

Based on empirical data from two major chemical hazard incidents,
this paper will investigate mobile phone interaction in the organizing of
emergency response work. Enacted sensemaking is applied as an analyti-
cal framework.

3 ENACTED SENSEMAKING

When professional actors such as firefighters, respond to an emergency
they become part of the emergency through their actions to make sense of
the situation and their actions to prevent an escalation of the emergency.
From a sensemaking [29] perspective, formulated by Karl Weick, it is under-
stood that people think by acting and that action preludes understanding.
This means that when professional actors make an intervention to an
emergency they also “simultaneously generate the raw material that is used
for sensemaking and this affects the unfolding of the crisis itself”[27]. People
construct meanings of an event when they compare what they see with
what others see and interacts to form some mutually acceptable version
of what exists. Based on this line of argumentation, the term enactment
is powerful in explaining “when people act, they bring events and structures
in to existence and set them in motion”. Enactment is a social process [27] of
“material and symbolic record of action” [24]. The result of this process is an
enacted environment consisting of real objects such as toxic material, risks,
people, cargo wagons and valves. These objects are real but their meaning
and significance are subject to multiple interpretations [27].

The capacity in terms of the number of actors and the competence of
those actors available to do the acting and interpretation are crucial vari-
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ables. This is a collective process [29] which means that successful interac-
tion between people in equivocal situations enable them to see more ways
to intervene and decrease the escalation of the crisis [27].

The emergency response work and the accident environment are
enacted through the social interaction between the key emergency orga-
nizational actors [24]. This means that organization emerges through sen-
semaking, not that sensemaking is a product of organization [30]. In order
to study emergency responses and the effort of organizing such work, the
focus must be put on the social interactions of the involved actors and
specifically on the information technology used by people in such work.

4 RESEARCH SETTING AND METHOD

This section describes the rescue service, and briefly the police and the
SOS-112 and their relationships in emergency response work. Next, the
method is described. Following to this are the two incidents presented
using descriptive accounts of the response work of the first day of the two
major incidents involving hazardous material.

4.1 KEY EMERGENCY ORGANIZATIONS
In the event of accidents involving an immediate and substantial threat
of harm to humans, property or the environment, emergency response
operations are organized by the rescue services, sometimes referred to as
the fire brigade.

The incidents presented in this paper took place in a region having
a rescue service organization consisting of a 24/7 operational command
centre, mobile command units and a range of specialized rescue units with
fire crews of 4-6 firefighters in each unit. The organization has eleven full-
time fire stations and additional part-time stations. The operative work
conducted by the rescue services during incident response is the respon-
sibility of an incident commander. The incident commander is a role that
only exists during incident response. In small-scale incidents and in the
initial work in large-scale incidents, a fire crew commander is assigned as
the incident commander, but as an incident develops, the role of incident
command is transferred to higher-ranking commanders.

In addition to the rescue service, other organizations are also key actors

in emergency response work such as the SOS-112 emergency call center
organization and the police. When calls are made to the 112-emergency
number, an SOS-operator receives the emergency calls, makes initial situ-
ation assessment and if necessary transfers the calls to the fire & rescue
and police command centers, and coordinates resources of the emergency
medical service. The police are organized in similar structures as the rescue
services including a 24/7 command centre, mobile command units, and a
number of operative patrols.

4.2 METHOD

Since 2002 the two authors have conducted extensive research on police
patrol and fire crew work [12, 13]. Based on an ethnographic [7] approach,
the two authors have made over 1900 hours of fieldwork. Participant
observations have taken place as part of fire crews’ and police patrols’ work
shifts. The rich and large amount of material from this fieldwork is used
for providing a deep understanding of information technology use in such
work practice.

This paper reports from two large-scale accidents happening at the
same geographical location. Data has been collected through observation,
interviews and document analysis. In the 2005 accident, one of the authors
arrived to the accident location three hours into the incident. The observa-
tions of this incident covers seven hours of work at the accident location
from around 17:00 until midnight. In the accident in 2006 the same author
was doing a field work at the same rescue service organization. Obser-
vations from this incident cover 7 hours of work. The observations and
recordings of verbal communication could therefore start immediately. In
both accidents the observations were focused on the work of the incident
commander.

The observations were documented as field notes in a paper notebook
and later transcribed. By using a digital recorder, verbal communication
consisting of radio-talk, mobile phone communication as well as face-
to-face discussions was recorded. Episodes of this voice communication
material were later transcribed. A selection of documents, artifacts and
people were photographed in order to provide rich material for the follow-
ing detailed analysis. The analysis started with a thematic analysis of the
transcribed field notes. This analysis gave indications that mobile phones
and contact information had an important impact on the organizing of the
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response efforts. This observation triggered a second set of data collection
activities including retrospective interviews.

Semi-structured interviews [19] were conducted with key actors in the
rescue services organization; the crew commander of the first arriving
response units, the two incident commanders working during the first
twenty-four hours of the incidents, the commander of the incident sup-
port organization. Each of these persons was asked to reflect in retrospect
on the work during the first day of the incident and recollect how contacts
were established and maintained as part of this work. Phone records of the
commander’s mobile phone use were not possible to obtain.

The interviews were made with one individual at the time and took
place in meeting rooms at the rescue services. Each interview lasted
between 60 and 8o minutes and was recorded and transcribed. The
interviews were followed by an analysis of documentation [19] produced
during the incident. The documentation consists of the rescue services
command logs from the command post at the accident location and the
command centre. In addition to these documents, command logs from
the police authorities and evaluation reports have also been analyzed. The
command logs were compiled into one event-log to provide a richer view
of the critical events and the involved actors actions.

The analysis started by aligning the transcribed field notes to the
timeline of the complied command log. When a mobile phone number
and an actor were found in the log, the corresponding field note was used
to explore the circumstances at the accident site around the same time.
This was repeated for each entry in the command log for the time periods
covered by the observations. The same procedure was then repeated but
starting from the field notes and relating to entries in the command log.
This was followed by an analysis of events and actions of the response
work when additional actors or new information emerged. These events
were then explored in relation to the retrospective interviews with the
different commanders. The analysis of the field notes and the command
log resulted in patterns showing that people and mobile phone numbers
were a crucial and primary set of information in order to organize the
response work.

4.3 DESCRIPTIVE ACCOUNTS OF THE TWO INCIDENTS

4.3.1 THE 2005 INCIDENT

On the 28th of February 2005 at 12:50 a cargo- train with 720 tons of chlo-
rine derailed on a field near Ledsgard, 1.5 km south of the village Anneberg
on the Swedish west coast. This event triggered a massive response opera-
tion that lasted for seventeen days and involved over twenty different
organizations.

Eyewitnesses to the accident called via mobile phone to the national
emergency dispatch organization, SOS-112, and reported that a train had
derailed. This call was re-routed to the rescue services. The rescue service
command centre dispatched a first responding unit from the fire station
nearby the accident location. This fire crew arrived within a few minutes
to the location. The accident location was on a field with no direct roads
leading towards the derailed train. There were no smoke clouds from a
chlorine leakage visible around the train and four of the firefighters in the
crew including the fire crew commander started to walk across the fields
towards the train, a distance of approximately soo meters. A few min-
utes later, a service technician from the railway company arrived to make
sure that the electricity was cut off. The fire crew commander exchanged
mobile phone numbers with him. In accidents as this one, involving haz-
ardous material, a fire engineer and an assistant operator are automati-
cally dispatched to the incident along with a range of fire units.

“When | received the alarm here at the fire station, the information
was limited, | was informed that it was a train, a cargo train with
hazardous material. So we start to drive to the location. Half way
to the location we were contacted and | got the information that it
is a train with twelve wagons, several of the wagons have derailed,
and the wagons contain chlorine. | realize that this is a really big a
complex accident...It was emotionally stressful.” (The Fire Engineer)

When the fire engineer arrived to the accident location, a command point
was established a few hundred meters north of the train. The fire engineer
was unable to get in contact with the fire crew commander over radio
and instead took contact via mobile phone. Detection instruments were
handed to the local fire crew to monitor for potential leakages. The instru-
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ments gave negative results. Shortly after the first police patrol arrived, fol-
lowed a few minutes later by the arrival of people from the cargo company
and the health authorities. At the time when media arrived, the accident
location had become a bit crowded with people from several organizations.
A command vehicle and a mobile command room formed the physical
structures at the command post.

At the 19:15 conference at the command post on the accident loca-
tion, involved a large number of actors. The conference took place in the
mobile command room that basically is a rebuilt cargo container. Due to
the physical limitations of this space, only one actor from each organiza-
tion was invited to this meeting. The following excerpt from the incident
commander, illustrates the situation:

“Do we have all the organizations here, do we miss anyone? ...the
wagons have derailed here, they are severely compressed and that is
especially the case for the engine and the first four wagons, also the
fifth wagon is affected..These wagons are squeezed together and
partially derailed. We have had experts onsite to have a look and
they cannot determine how safe it is.”

“We have very limited information about the risks. My assessment
and decision for the night is that we are not going to start any
major activities here during the night because of the risks with
work in darkness and associated risks for the personnel.” During the
night we will continue to collect information and prepare potential
activities starting in the morning. That is the big picture.”

“One problem we face right now is the access to the wagons, | have
asked the police to have a look at the access restrictions.”

The conference resulted in a situational ‘freeze’ of all actives to remove
the train and wagons from the location. At this point it became clear that
it would take several days until the cargo wagons will be removed. Dur-
ing the evening, the incident commander coordinated with the police
how to organize an evacuation if that would become necessary. After the
conference, actors from the cargo company and the chemical producer
together with the incident commander discussed the necessity to bring

in additional expertise to the location to provide a more qualified damage
assessment of the wagons.

It took seventeen days and the involvement of over twenty different
organizations to remove the derailed train and open the railroad for traffic.
It was evident that the temporal dimension of the accident was far from
well understood in the initial response work. The extension in time was
gradually evolving as a result of the collective efforts to make sense of the
situation and the possibilities for intervention.

4.3.2 THE 2006 INCIDENT

On the 4th of August 2006 at 20:19 an almost identical alarm as the 2005
incident was sounded at the main fire station in Gothenburg. “Railroad
accident, chemical material, Ledsgard, Anneberg”. At this moment the
night-shift fire engineer was interviewed by one of the authors regarding
lessons learnt by the organization of the chemical accident in 2005. The
fire engineer and the researcher looked at each other and for a moment
they could not believe what they just heard, the same location, the same
type of accident as last time. After a second or two the two very surprised
individuals left the coffee room and went rapidly down to the command
vehicle, where the command assistant met up.

Concurrently, the fire crew in the southern district was dispatched
along with an operative onsite commander from another district. During
the transportation phase to the accident location contact was established
over mobile phone between the fire crew commander and the operative
onsite commander in order to determine a safe approach route. During the
next twenty minutes additional fire crews were dispatched and enroute
to the accident location. The fire engineer in the command vehicle had
several contacts with the command centre while enroute to the accident
location. The chemical cargo of the train was proven to be ethylene oxide
and communicated to all fire units.

The primary objective in the initial work on the accident location was
to build up a massive water system that could be used to cool the chemical
tanks as well as reduce the consequences of a potential fire. The first few
hours were focused on the activities to build up a water suppression system,
being both time-consuming and resource intensive. During this work arrived
additional actors, such as the Cargo company, railroad-representatives, para-
medics, media and county representatives to the accident location.
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One of the important activities was to make a damage assessment of
the derailed cargo wagon. A fire crew was equipped with sensor instru-
ments and a digital camera in order to check for leakages as well as take
pictures of any damages. The result from the sensor instruments gave
negative results, meaning no measurable leakage. But the visual inspec-
tion of the wagon indicated that there was a smallleakage from a valve on
the bottom side of the tank just a few drops a minute but still a leakage.
This discovery resulted in ambiguity. The instruments gave no indication
but the visual inspection did. The actors made sense of the situation by
relying more on the visual indication than on the sensor instruments of
which they had only little experience of using. This lead to the interpreta-
tion that there is a small leakage. When the chemical experts arrived two
hours into the incident the situation was far from clear and the message
from the expert was received with mixed feelings in the following situa-
tion brief that took place. The incident commander informed that:

“Ethylene oxide is among the worst substances...| would argue that
it is even worse than chlorine...it is very toxic and highly flammable”
“We have a very small leakage...and we will not make any actions

at this point that can endanger the integrity of the tank..we

are awaiting the arrival of a wagon expert.”“We also have many
citizens in this area. The police has blocked the roads and they are

also helping out in cases of an evacuation”

One of the fire crew commanders (FCC) had questions to the chemical
expert, asking:
FCC: If it catches fire...how fast will it develop?

CHEMICAL EXPERT: There are not many people that have been able to
share experiences of that...a fire must be avoided.

FCC: How large is the risk zone?
CHEMICAL EXPERT: The safety distance is 1500 meters.
FCC: Due to a fire?

CHEMICAL EXPERT: The explosion.

The response by the expert shows how serious the situation was under-
stood to be.In a phone conversation, after the situation brief, the incident
commander (IC) informs the regional police about the situation and the
expected time frame for the response work.

IC: In my opinion this will take several days.

During the late night an additional chemical expert arrives and the two
experts conduct an inspection of the cargo wagon using very sensitive sen-
sor instruments. After this inspection, the situation changes dramatically
in a positive direction. Their instruments did not give any indications of a
leakage and their explanation to the leakage is that it is water condensa-
tion from the cold toxic substance. In the following morning plans for the
removal of the dislocated wagon were outlined and by late afternoon were
the railroad restored to normal traffic.

This second incident shows the enacted sensemaking of the involved
actors and how their collective efforts provided material to initially inter-
pret the situation as highly dangerous. When more information became
available, the capacity of the actors increased and the visibility of the situ-
ation improved. By the use of additional instruments and competences,
eventually resulted in an interpretation that allowed the actors to com-
plete the response work.

In the next section we will present findings from the analysis of these
two accidents.

5 FINDINGS

The organizing of incident response to a large-scale and critical accident
triggers activities to establish a network of affiliated persons. The struc-
ture emerging from these activities is a network of names of people with
mobile phone numbers along with organizational affiliation rather than
a structure of organizations and roles with anonymous or black-boxed
individuals. The individual affiliated actors become nodes of expertise in
the response network. The phone numbers documented in the logbook
make references to individual actor’s mobile phones and only in a few
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occasions to organizations’ switchboards. The focus on actors is related
to the importance of having continuity in the communication, which is
especially important during the initial work in response work.

Mobile phone interactions were observed among the fire commanders
and the external actors. The radio was only used to communicate with the
fire crews. Overall, the conversations over radio and mobile phones were
not bursty and short, as one perhaps could expect in time-critical situa-
tions. We did not observe any breakdowns in the mobile phone network
or disturbances due to network overload. However, in the 2006 incident,
the incident commander had significant problems with his mobile phone
due to low-battery capacity.

The analysis of the incidents shows examples of three patterns of
interactions in organizing a response network where the mobile phone
had a fundamental role. These patterns are non excludable and to some
extent overlapping. The labels signal the direction or lack of direction of
the interactions. The patterns of interaction are serendipitous interaction,
inbound interaction and outbound interaction.

5.1 SERENDIPITOUS INTERACTION

The incidents presented in this study represent not only breakdowns of
critical infrastructure but they are also major and severe accidents. Such
events trigger multiple organizations to become involved in the direct
response efforts. The initial work by the involved organizations is char-
acterized by multiple, rapid and independent response with only limited
coordination. The primary activity in the initial work is to define the loca-
tion and relocate actors to the scene of the accident in order to make sense
of the situation and to limit the consequences by reducing the risk for an
escalating and uncontrolled situation.

When the rescue service receives an alarm regarding hazardous mate-
rial from the SOS-112, they initiate a response according to a predefined plan
for chemical accidents. This includes dispatch of a local first responder unit,
a mobile command unit and a specialized chemical/hazmat unit. Concur-
rent with these activities, are the railroad company and the cargo company
acting in order to send staff to the location. These three organizations, the
rescue service, the railroad company and the transport operator, became
rapidly involved in these two incidents but with different perspectives.
The rescue services focus on the hazardous material and potential conse-

quences for the people in the area. In these incidents, the initial actions
from the various actors focused on approaching the situation from their
respective responsibility. The railroad company focused on providing a safe
area around the train, cutting the electricity and exploring the possibilities
to run traffic on the undamaged parallel rails. The cargo company focused
on the train driver and on the status of the cargo. The three organizations
have their particular share of the incident and could be seen as part-own-
ers of the incident. The initial work is carried out with limited coordination
between the actors and provides occasions for serendipitous interaction.

The concurrent and independent responses from multiple organiza-
tions affect the forming and establishment of a network of collaborating
actors. Due to the time-criticality of the situation and the need to reallocate
individuals to the location in order to make sense of the situation, a highly
coordinated response is difficult in the initial phase of response work. The
dispatching of actors to the accident location provides opportunities to
connect with other actors that have part responsibility in the subsequent
work. The unintentional meeting between the fire crew commander and
the railroad representative is here seen as serendipitous interaction that
creates connections between two important actors in the emergent net-
work of response actors. The fire crew commander explains:

“When we were walking along the train | met the railroad guy.

I didn’t order him to the location. He told me to hurry up because
his organization wanted the railroad to be reopened for traffic.

I told him to slow down this will take time. | also got his phone
number and typed-in the number and called and hung up, making
it quickly available at the time.”

In this case it resulted in an exchange of phone numbers. The contact man-
agement by the fire crew commander indicates that phone numbers to
other actors on the accident location are important. Neither of the actors
ordered the other to be on the location or knew the location of the other up
until that time. The actors had their unique task in relation to the accident
and the physical co-locatedness provided the serendipitous interaction
leading to an initial structuring of a network of actors for the subsequent
joint-work.
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5.2 INBOUND INTERACTION
The incident commander has the overall responsibility for an emergency
response operation and is highly dependent on experts from other organi-
zations to get a sense of control over the situation. In large-scale incidents
with a direct threat of toxic leak, the incident commander must act on
different time-scales [6] to comply with short-term issues as well as trying
to think ahead of the situation.

In addition to the directly involved organizations, within the first hours
a number of organizations arrived to the accident location, such as people
from the railroad company, the cargo-company as well as the media and
county authorities. The establishment of the command post by the fire
engineer and the role switch of the incident command role from the fire
crew commander to the fire engineer form new means to manage the
network of actors. The incident commander explains:

“The first on-location-contact | had was with the crew commander
and it did not work well over radio so | finally called him on his
mobile phone. We started to send out firefighters with indication
devices to monitor for potential leaks. Pretty soon additional people
from external organizations arrived and especially the railroad
company was very quick, half an hour in to the work and they had
five-six-seven people and it became messy, they are used to work
along rails and started to move freely. An electricity- guy started

to cut the power and | had to tell them quite sharply not to walk
close to the train. The police did also arrive quite fast but only with
a patrol with one guy.”

The sheer number of people, arriving to the accident location, put pressure
on the incident commander to determine what people should be at the
location and who should not be there. The incident commander explains:

“People that arrive, they approach you and there is much face-to-
face communication, In this situation everyone goes to the fire
trucks at the command post... that is not always good if something
critical would happen, but at the same time | need people close to
me because of their expertise, but it is difficult to determine who
should be close and who should leave [the command post.]”

The excerpt shows that people from the various organizations arriving
to the accident location present difficulties to the incident commander.
A problem is to make clear who are important to have close connection to
and whom should be kept at a larger physical distance. An incident com-
mander explains:

“You say to the command operator; make sure that these people
stay here at the command post so | can reach them when | have
time. An alternative is to take their mobile phone number.Soitis a
lot of phone talk.”

What is seen here is inbound interaction characterized by the face-to-face
communication with newly arrived actors. Inbound interaction includes
a mechanism to determine the needed proximity for the actor and if
the actor will become a legitimate actor in the response network. The
exchange of mobile phone numbers between the external actor (P) and the
command operator (CCO) form the mechanism to, on location, become part
of the contact network. The following excerpt shows an example of such
inbound interaction when an expert from the chemical company arrives
to the command post:

P: Malcom Larsen, ChemCo.

CCO: Peter... command assistant, you have to wait for
a few minutes for the incident commander.

P: Okay.
CCO: What is your phone number?

At the time of the expert’s arrival to the command post, the incident
commander is unavailable for conversations due to coordination issues
with a senior commander. The command operator asks the person to wait
and takes his phone number. Inbound interaction is not restricted to the
physical arrival of people to the accident location. There is also inbound
interaction when individuals make phone calls directly to the incident
commander or contacts the command operator at the command post. The
following excerpt illustrates this type of inbound interaction:
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CCO: Hey... the regional police in H-county is calling
and wants to talk to you.

IC: Take his number and tell him | will call back.

The excerpt shows that the incident commander is acknowledging the
legitimacy of the interaction as such but needs to postpone the conversa-
tion with the police due to the ongoing work. The request and the sub-
sequent exchange of phone numbers signals that the call will be made
by the incident commander when an opportunity for that conversation
is available to him.

The collection of phone numbers that accumulates as part of these
interactions are first scribbled on paper notes and later added to a grow-
ing list of numbers and names on a paper document. A selection of these
becomes available on the whiteboards on the outside of the command
vehicle, but they are not explicitly handed-out to the involved actors.

5.3 OUTBOUND INTERACTION

When an accident is understood as a complex incident, the rescue ser-
vice activates an incident support staff organization. The structure for
this organization is pre- planned but nevertheless such activation is not
instrumental and immediate, but delayed due to the physical relocation
of people to the command centre. Further, the work of the support staff in
the initial phase is highly oriented to move ahead of the incident and get
an understanding of what, where and who are currently involved in the
already ongoing work. The chief of support staff explains:

“I became involved in the work quite soon. We did not get more
information than, that a train has derailed and there are a few
wagons with chemicals, they didn"t have more [information]
and would come back.”

Based on this information from the command centre, the chief of support
staff and one assistant started the work of activating the incident support
organization. One of their priorities became to establish a contact network.
The establishing of a contact network was managed not based on a pre-
defined sequence but more dependent on the experience of the two people

working in the incident support organization:

“Based on my experience of being a former chief of command cen-
tre and the knowledge from the time as an operator, we contacted
organizations that have chemical experts both in the region as well
as from the national units. So it was more or less just for us to start
up a contact network and inform that we have an accident. What
resources do you have if we need your help.”

In this work, a number of contacts were made with organizations that
had chemical expertise and resources that could be sent to the accident
location. Access to expertise in critical and complex incidents is necessary
and fundamental for the response work. The chief of the incident support
organization explains:

“A chemical accident is a tough situation where a number of actors
must be involved, the rescue services would fail if we had no access
to experts and the experts need to be on location and there will be
a set of phone numbers.”

As a result of the outbound interaction, a list of names and phone num-
bers is formed and documented continuously along with a time-stamp in
the command log only in use at the command centre. The list of names
and numbers forming the contact information includes notes regarding
on when to make contact. On a few entries in the command log, include
notes specifying the activities certain people were currently engaged in
at the moment of contact, such as that certain persons are on their way to
the accident location or that someone will attend the staff briefing. Out-
bound interaction is also evident in the work on the accident location. The
need to bring in additional actors in the work results in a search for phone
numbers that provide direct contact to such actors.

5.4 DYADIC EXCHANGE OF PHONE NUMBERS

The analysis of the three patterns of interactions has also identified how
mobile phone numbers are exchanged on a more concrete level. The domi-
nant form of mobile phone number exchange is that one actor, such as
the command operator, acquire a phone number by asking the mundane
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question “what’s your number?” to an external actor. We view this as the
number is taken by the emergency professionals, based on an understand-
ing that this particular actors phone number is of interest for the incident
command. The number is then included in the paper list forming a contact
structure and made available on a whiteboard at the accident site. The
acquisition of phone numbers is not just a practical solution to form a
contact list but also a social mechanism to signal that a certain individual
is an important actor in the response work.

A variant of the acquisition of phone numbers is provision of phone
numbers. This form is used when the phone number is not intended for
the individual that acquires the number but for some “third” individual not
part of the current dyadic exchange. The excerpt show how the policeman
asks for the IC phone number and declare that the number is for someone
else and will be passed on to a high-ranking commander in the police
organization.

PoLice oN-sITE: The phone number to you [incident commander] so
I can give it to the regional police commander.

The provision of phone numbers has consequences on the communication
structure and can lead to break-downs. The break-down is here conceptu-
alized as by-passed institutionalized order. The communication and inter-
action between people engaged in emergency response work follows to
some degree the philosophy of the hierarchical structure also known as
the incident command system [2].

However, the qualities of mobile phone technology allowing a direct
point-to-point communication is also providing opportunities to explic-
itly and publicly by-pass the institutionalized hierarchical system. The
following excerpt shows how the mobile phone number to the incident
commander (IC) has become shared and later provides disturbances in the
communication structure.

IC: Yeah...hi..IC Anneberg here..

IC: You have to talk with your paramedics commander, the ones you
have here...I have made a situation brief for them. Yes...but... you
will...but you will get it via your paramedics commander here...it is

unreasonable for me to have contact with the police and paramed-
ics on-site as well as their managers.

The phone number in this excerpt was delivered to the regional ambulance
commander that called the incident commander, despite the fact that the
paramedics were on-site.

6 CONCEPTUAL DESIGN

In the previous section the descriptive findings of the analysis of the emer-
gency response work is outlined. These findings show pattern of inter-
actions between the various actors in order to organize the emergency
response. Serendipitous, inbound and outbound interaction patterns are
part of the enactment process [27] of the collective sensemaking efforts.
The exchanges of mobile phone numbers are embedded in these interac-
tion patterns and influence the ability of making a professional interven-
tion.

Looking at mobile phone interactions in this context offers new insights
into design of information technology use for time-critical organizing. The
current use of mobile phones in emergency response work is to mediate
verbal communication. But as the findings show the use of mobile phones
also provide the ability to socially form and manage a network of actors
across organizational boundaries in response work and thereby improving
the capacity of enacted sensemaking [27].

These findings indicate that the mobile phone could become the infra-
structure for both verbal communication as well as information sharing
in emergency response work. As seen in the findings, emergency response
span across organization boundaries. This means that in the event of an
incident, the professional organizations would benefit of a common infor-
mation channel covering the involved actors for mediation and sharing of
non-verbal incident specific information. This means that symbolic record
of actions, such as status reports, maps and photos produced during the
intervention would become available for all the involved actors and orga-
nizations.

Implications for such system design is to avoid adding yet another
system and additional artifacts for the emergency response actors but
to make use of the technology that is already in use and base the design
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on the existing social organizing patterns. The key implications are: 1)
the design entity should be the fixed address to the actor, in this case the
mobile phone number, 2) the design should address the situated manage-
ment of phone numbers providing both social and technical functional-
ity. These two key issues have the potential of focusing the design of an
incident specific information channel that is publicly available for all the
actors that become part of the response network.

The following high-level description illustrates what such design could
materialize in. When new actors are included in the response network
through the exchange of mobile phone numbers they should also at that
moment have access to the incident specific information channel. The inci-
dent specific information channel should be available to all actors in the
rescue services via their network enabled personal communication devices
such as their mobile phones. Such information channel should only be
available in cases of an incident and during the response work. As long as
the response is ongoing, the incident specific information channel will also
be available. When the acquired phone number is added to the incident
specific information channel it could result in a message that is pushed to
the corresponding mobile phone and thereby provide authorization and
access. The addition of a phone number should be supported at all locali-
ties where mobile phone numbers are managed; at the command centre,
at the command post, and also via mobile phones of field personnel.

The incident specific information channel is envisioned to make use
of technologies such as full-capacity mobile web-browsers, real simple
syndication (RSS) and blogging functionality now becoming standard
features in consumer mobile phone products. Information systems previ-
ously restricted by organizational boundaries will be able to publish or
push information to the incident specific information channel. The infor-
mation made available in the incident specific information channel could
be accessed on mobile phones and when necessary, due to limitations of
the handset or for actors in non-field settings, be transferred to laptops or
other devices.

The suggested design contrasts solutions designed from a large-scale
medical emergency management perspective [11]. The design proposed
here in this paper is based on the idea that small-scale accidents can
quickly escalate to large-scale crises and that the response work in the
initial phases of an emergency have small-scale qualities. The focus on

mundane technology such as the mobile phone and using a bottom-up
perspective is targeting the issue that emergency response information
technology must be both technically scalable as well as socially scalable.
Further, in the study of the Katrina Hurricane relief work [5], it was shown
how dyadic interaction formed the basis for information sharing and col-
laboration across organizational boundaries. The study also presents that
introducing new technology for ephemeral response groups proved to be
difficult. In contrast, our design focuses on making better use of the tech-
nology already in place among the response actors.

The formation of the response network to provide both technical as well
as social connectedness is managed on the social level compared to more
technical level where the connectivity is provided on the device [14] seam-
lessly and automatically using for example Bluetooth. Our design does not
remove the social aspect of connecting actors but rather use the social con-
tract that the exchange of mobile phone number could be interpreted as.
The design implications presented here focus on the use of mobile phones
not only to maintain a social network in a symbolic meaning but also to
provide a materialized information infrastructure where mobile phones
mediate both network connectivity, social connectedness and information
sharing which is understood as key characteristics in enacted sensemaking
[27, 29]. However, the consequences of such design are difficult to project.
The flow of information in the incident specific information channel will
most probable put new demands on the actors. For example, expectations
to be continually updated and being accountable for actions beyond their
authority due to the visibility of collective actions. Further, technology
pre-structures how people are able to understand their world [29] and so
does also the design outlined here and the materialization of such design.
Alterations of such social patterns must be done with care.

7 DISCUSSION

In Sweden, the regional fire and rescue service organization has the com-
prehensive responsibility for incident response and management. A vast
number of computer systems have been designed, implemented and put
to use within these organizations. These systems are used by the organiza-
tional members and serve as the backbone support for the organizational
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processes. However, when a more complex incident has occurred addi-
tional actors and competences have to be acquired rapidly from outside
the organization. These actors are most often excluded from the organiza-
tional information systems and cooperation with these external actors has
to be through other means than through these systems.

In this paper it has been shown how actors use mobile phones to inter-
act, negotiate and establish the initial network of professionals in order
to meeting the threats posed by a major incident. Emergency response
organizing was analyzed from an enacted sensemaking perspective. Pat-
terns of mobile phone interaction were presented showing how they are
embedded in work of organizing socially connected actors part of the
response work resulting in an increased capacity for sensemaking[27].
Three interaction patterns were outlined: serendipitous, inbound and
outbound. These patterns have also been observed on other incidents but
on a smaller scale.

In serendipitous interaction mobile phone numbers are exchanged
face-to-face and only individually available. This was illustrated in the
case where two actors independently of each other were dispatched to the
incident by their respective organizations. In inbound interaction, various
actors offer their expertise to the response network and if their expertise is
considered as relevant in relation to the incident at hand they are accepted
as a legitimate actor in the response network. The challenge here is to bal-
ance the inbound interaction to central actors as for instance the incident
commander. Outbound interactions are of two kinds. First, when an actor
simply is informed. Second, when a resource is called in to be a legitimate
actor in relation to the incident. This can be either an actor with a specific
expertise such as the chemical expert who came to the two incidents. It
could also be an outbound reach to the regional police commander that
analyzes evacuation plans for the incident from a distance.

The significance of this paper is discussed from two perspectives. From
a practitioner perspective, i.e, fire and rescue service, is it shown that the
mobile phone is of crucial importance for the process of organizing the
work to meet the initial demands posed by the incident. The communica-
tion within the rescue service can be managed through the radio com-
munication system. However, communication with other organizations
has to be mediated through alternative channels such as mobile phones.
From a research perspective the contribution of this paper is the detailed

descriptions of the patterns of interactions of mobile phones in time-criti-
cal organizing. The ethnography may inspire design activities targeting
time-critical organizing. The conceptual design illustrates contrasting
views to previous studies that are related to the application domain of
emergency response systems as well as technical solutions for ad-hoc con-
nectivity. The results from this paper address on a general level, the design
of information technology for ephemeral work groups. Such groups are not
only found in emergency response or disaster relief work. Settings with
similar characteristics include physical restoration of telecom/power infra-
structures, and in general the work of field service technicians. However,
additional studies are needed to further generalize these findings.

8 CONCLUSIONS

This paper has discussed time-critical organizing and investigated mobile
phone interactions in this organizing. The analysis shows how the mobile
phone not only have an important function as a communication device but
also how the mobile phone numbers are used in organizing and making
sense of the emergency. The analysis outlined three patterns of interac-
tions where dyadic exchanges of mobile phone numbers could be seen as
embedded in the enactment process of the collective sensemaking activi-
ties. High-level design implications have been discussed to illustrate the
implications for future systems aiming to improve emergency response
organizing.
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ABSTRACT

A major challenge of mobile information technology use in time-criti-

cal work settings is to balance the temporal impact on the work practice
caused by the technology. This paper presents results from an investigation
of the tension between information technology use and temporal aspects
in the time-critical work of emergency response. This paper contributes to
previous research on the inter-related relationship between the temporal
aspects of the work practice and the use of information technology. Results
from a study based on participatory analysis indicate how technology can
be designed and introduced to comply with temporal aspects in a work

practice characterised by rigid temporal structures.

KEYWORDS

Temporality, Field experiment, Participatory analysis, Emergency response work

T INTRODUCTION

Emergency response and crisis management has in the last few years
become an arena for major investments in sophisticated information
technology. Recent man-made disasters such as the World-trade center
disaster and natural disasters such as the one partly caused by the Katrina
hurricane, have shown that the modern society is still far from being able
to make suitable responses to crisis and emergencies. As a consequence
of a few extreme events, significant efforts are now being made to design
various emergency management information systems that can support
and improve the work on organizational levels and inter-organizational
levels in case of emergencies or crisis.

Such initiatives exist on almost all levels in society, in local counties,
regions as well on national levels. Independently of the scale of the emer-
gencies or crisis, these systems are designed to provide improved situa-
tion awareness, improved coordination and information sharing in order
to support competent actions by a range of emergency response actors.
To accomplish such ability, information systems must target the needs
on both a strategic emergency management level as well as to provide
support for the time-critical work by the first responders on an operative
level.

Studies of the time-critical, mobile and distributed organization of
emergency response have shown the importance of providing infrastruc-
ture redundancy (Balachandran, Budka, Chu, Doumi,Kang,2006), designing
information systems that have role-based functionality (Turoff, Chumer,
Van de Walle, Yao, 2004) and the needs to provide integration between
the mobile and stationary information systems (Meissner, Luckenbach,
Risse, Kirste, Kirchner, 2002). However, very few studies focus on the use
of information technology from the operative field workers perspective
and the challenges of designing information technology use for operative
time-critical response work. In a recent article by Marcus and Gasperini
(2006) it is shown how the lack of a user perspective had significant nega-
tive consequences on the use of an emergency-response system in a police
organization.

The design and implementation of information technology for crisis
and emergency response must address the field operative challenges of
technology use. Failing to do so will not only have consequences on the
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field operative level but also reducing the overall value of such technol-
ogy. As will be outlined in this paper, the major challenge in introducing
information technology in field-operative settings is not to make the tech-
nology work, but to work with the technology. This paper reports from
a study exploring the tension between information technology use and
time-criticality in emergency response work.

The research question addressed in this paper is as follows: How could
we design IT that complies with the time-critical dimensions of mobile
work?

This paper is organized as follows; the next section will presents related
work where temporal aspects of information technology use have been
studied. Then will the organisational setting be presented and how this
study form part of alarger technology change project. The method section
will outline the data collection activities and how the data was analysed.
The result section will present findings and detailed empirical data. This
will be followed by discussion and conclusions.

2 RELATED WORK

In the efforts of designing information technology use for time-critical
work, a significant focus is required on the temporal aspects of such work
in relation to the use of information technology. This section will outline
related studies on temporality and information technology use.

Time is a core aspect in human activities. The notion of temporal struc-
turing is one way of conceptualizing time as an enact phenomenon in
organizations (Orlikowski & Yates, 2002). In a study of distributed com-
munity-based project work it is illustrated how people experience time
through the shared temporal structures they enact continuously in their
everyday practice (Orlikowski & Yates, 2002). People produce and repro-
duce a range of temporal structures that shape the temporal rhythm of
their ongoing actions. Examples of temporal structures are lunch breaks,
project deadlines, and scheduled meetings.

Investigation of temporal rhythms and information searching in medi-
cal work has shown that information searching should not be viewed as a
separate task from other work activities (Reddy & Dourish, 2002). Instead,
information seeking should be understood as an integrated activity that

shapes and is shaped by the everyday work of medical workers. By outlin-
ing large-scale and fine-grain temporal structures in work the study illus-
trates how specific tasks are seamless and interwoven part of work and by
that shape and is shaped by the work rhythms (Reddy & Dourish, 2002).
This means that people create temporal structures as means to accomplish
their work and that work produces temporal structures. When people cre-
ate temporal structures, they become also dependent on them. People
shape their own work in relation to the temporal structure, such as working
overtime to meet a deadline, or by re-scheduling a deadline. This means
that temporal structures in general are negotiable. A study of mobile work
among home-care professionals explored how individual, collective and
social rhythms provided means to negotiate and modify work schedule in
order to cope with expectations and workload (Nilsson & Hertzum, 2005).

The introduction of information technology has impact on the temporal
structures in work. A study of temporal effects of information technology
on temporal organizing in emergency medical work shows that distinct
information technologies have varying effects on temporality of work
and that temporal effects of the same information technology vary across
work groups (Shen, Yoo, Lyytinen, 2005). Mobile phones are one example
of such distinct information technology with its own temporal logic in
terms of temporal urgency (Shen, Yoo, Lyytinen, 2005). The study showed
that the mobile phone did improve communication between people in the
medical setting but also that the mobile phone resulted in a demand of
an instant response with limited consideration to the social context. This
phenomenon was termed temporal urgency (Shen, Yoo, Lyytinen, 2005)
and understood as an effect cause by the technology.

However, rhythms in work affect also the possibilities to use mobile
information technology. In a study of police work by Pica & Sorensson
(2005) it was shown that the work rhythms had significant impact on
the use of mobile information technology. The study of police work also
showed that time and safety-critical aspects of such work have conse-
quences on the ability of using information technology. The notion of
rhythms of interaction was outlined to conceptualize “the alternation in
intensity of communication through and with mobile technologies as exer-
cised by officers each and every day” (Pica & Sorensen, 2005). The analysis of
rhythms of interaction shows that in intense incident-specific situations,
the mobile technology becomes to some extent obtrusive and requires to
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instantly transforming from ready-to-hand to in-the-pocket. The rhythms
of work as part of operative police work put important focus on usability
issues not commonly found in other use-settings. This problem is partly
supported by studies of workforces involved in physical demanding work
where interaction with digital artefacts is highly challenging due to the
use context (Kristoffersen & Ljungberg, 1999).

In some work domains the temporal structures are negotiable whereas
in other work settings, such as in emergency response work and police
work. They are more rigid and less negotiable. Such temporal rigidity has
been explored in relation to the need to improve accountability in emer-
gency response work (Landgren, 2006). That study outlined four sequential
work rhythms, each having its specific temporal structures. The rigidity of
these temporal structures presents challenges when designing informa-
tion technology for emergency response work.

The study outlined in this paper aims to add to the knowledge from
studies of information technology and the impact of temporal aspects
from specific work settings (Kristoffersen & Ljungberg, 1999; Shen, Yoo,
Lyytinen, 2005; Pica & Sorensen, 2005) by using the conceptualisation
of emergency response work presented by Landgren (2006). The work
rhythms and temporal structures of emergency response work are in this
paper used to explore the tension between information technology use
and time-criticality in emergency response work.

3 RESEARCH SETTING

The work presented in this paper is part of a larger project involving the
study of information technology implementation in a fire & rescue service
in a Sweden. This paper covers the initial phase of this project with the
main focus on making initial assessments of the challenges of introducing
information technology on a field operative level.

The fire & rescue service in focus in this study consists of ten full-time
fire stations with about seventy firemen stand-by 24 hours a day as part
the operative incident response force. In addition to this, the organization
has a command centre with two command operators, one mobile com-
mand unit and two incident command support units. The operative units
respond to over 6000 alarms annually. The organization has in the last

few years started to make attempts to provide information technology
to support the operative field units in the response work. As a first step
was route navigators installed in the response vehicles to improve the
correctness in alarm addresses and route information for the operative
units. Lately, a new initiative was formulated focusing on the introduction
of mobile devices in order to improve incident specific information in the
early phases of operative emergency response.

As a first phase in this initiative the organization formed a joint-proj-
ect aiming to make initial studies of the challenges in introducing mobile
information technology on the operative level. A test team was formed
within the organization including one fire crew consisting of six firemen
and one fire crew commander. The test team participants’ age range was
from 28 to 54 years of age and all were employed as full-time firemen.
They did not only have different levels of knowledge and competence in
using office computer software, but they expressed in initial meetings also
different levels of interest in having the work supported by information
technology.

In order to study the challenges of mobile information technology in
operative work, a low-fidelity prototype was designed. The design was
informed by prior ethnographic studies of emergency response work. The
prototype had the functionality to mediate information covering incident
information and incident location specific information on three different
levels including; map, aerial photo over the surroundings and two building
blueprints. The information was pulled from a web-server when the user
clicked on the links in the web-based user interface. The information deliv-
ered by the low-fidelity prototype corresponds to the similar information
that commercial systems deliver.

4 METHOD

The methodological approach adopted in this study was qualitative and
inspired by the work on participatory design (Blomberg, J. L., & Hender-
son, A.1990) in generally and specifically the use of artefacts as triggers
(Mogensen & Trigg, 1992). In this approach, artefacts are used to trigger
analysis of the current work practice for the purpose of change (Crabtree,
2003). The focus of the analysis is here shifted from the designed artefact
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itself (i.e. the prototype) to the work practice and possible improvements.
The data collection activities in this study are presented below and
cover; observation, interviews, workshops and a field exercise.

4.1 DATA COLLECTION

The author made a series of workplace visits to the particular fire crew
prior to introducing the prototype. These visits were organized as full-work
day participation which also included following along on alarms. These
initial visits provided opportunity to make observations and get a sense
of this group’s particular work practice and social setting. The observations
where documented in field notes and later transcribed. The field notes were
analysed and compared with earlier ethnographic studies Hammersley &
Atkinson, 1995) of emergency response work (Woods, 1972,; Jiang, Hong,
Takayama, Landay, 2004; Landgren, 2005). As part of the workplace visits
a series of group interviews were conducted. The objective with the inter-
views was to investigate the fire crew’s assumptions of technology use in
relation to the expected benefits. Three semi-structured interviews were
conducted as group interviews (Patton, 1990) and each interview session
took one hour. All interviews were recorded and transcribed.

Two workshop seminars were organized in order to present and
demonstrate the functionality of the prototype. Further, as part of the
workshops, the individuals in the fire crew were guided in how to inter-
act with the prototype in a hands-on fashion, using a pre-engagement
walkthrough approach. Such approach is intended to introduce the users
to a system and provide opportunities to familiarize the users to the core
features (Crabtree, A. 2003). The workshops took place in a classroom at
the local fire station. The conversations at the workshops were recorded
and partially transcribed.

An incident exercise was arranged to study the use of the prototype in
the intended use context. The exercise consisted of an automatic alarm at
a nearby factory. The focus of the exercise was to provide data to explore
aspects of the current work practice that could affect the use of informa-
tion technology as part of such work. In this field exercise, the fire crew
used two tabletpc’s with GSM/GPRS/UMTS internet-connection. The
fire crew commander used one device in the front seat position during
transportation. The three firemen of the search & rescue unit, sitting in the
passenger compartment used the second device. The fire crew commander

used the device during the entire exercise whereas the search and rescue
unit only used the prototype during the transportation phase. The use of
the prototype was recorded using a handheld video camera. The video
recording was 17 minutes in length.

4.2 ANALYSIS
The field notes from the participant observation were read several times,
transcribed and analysed in relation to prior ethnographic studies of emer-
gency response work. Data from the group interviews and workshop was
analysed by organizing the data into a set of themes addressing specific
concerns the participants expressed regarding information technology.
The data from the video recording was transcribed and the clips anal-
ysed using interaction analysis (Heath & Hindmarsh, 2002). The video was
analysed against the work rhythms and temporal structure outlined in the
study by Landgren (2006). The analysis was done according to the following
procedure. First, the video sequences from the field test was identified and
mapped to the corresponding work rhythm in the model. Each sequence
was then analysed to verify how the actions taken by the fire crew were
corresponding to the temporal structures in the model. In contrast to areal
incident, this field test included only the first two work rhythms but all the
temporal structures in these rhythms. Second, the sequences from each
work rhythm were then analysed to explore the order each information
object was viewed and the time spent on each information object. Third,
the conversation between the firemen and the fire crew commander was
examined by mapping the verbal conversation to the interaction with the
prototype.

5 FINDINGS

Inthe interviews, the fire crew expressed expectations that; the technology
could improve their understanding of a particular accident location, the
technology could improve the safety of their work, and finally the technol-
ogy could support rapid intervention. By having access to location specific
information directly when the fire crew starts to respond to an emergency,
they could become better prepared and by that, be able to make a more
competent intervention.
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However, in the workshops two major concerns were identified in
how to achieve these expected benefits. The fire crew expressed concerns
regarding limited interaction time-window and the mobile use of the
technology.

LIMITED INTERACTION TIME-WINDOW: Some firemen expressed concerns
that the transportation time to incidents in the local district is too short
for the first responding unit to actually having time to use the system.
The command centre always makes an effort to dispatch the unit that is
understood to have the shortest time for arrival. In most cases, this means
that fire crews in one local district most often are the first responders in
their home district.

Additional units from neighbouring districts serve as backup or
reinforcements. Such units have a longer transportation time and less
knowledge about the location. This temporal aspect, which could affect
the interaction window presents some concern, as is shown in the follow-
ing excerpt.

FIREMAN 3: | am a bit worried... | mean ... | wonder if we will have
time to use the system when we have the incident in our own
district. Will we be able to use it in such a short time?

FIRE CREW COMMANDER: From my point of view, this is the informa-
tion I am trying to consider and is valuable even when we have the
incident in our district.

FIREMAN 3: What | see is that as the first responding unit in our
district the time could be too limited but when we go as additional
unit in a different district where we have no knowledge about

the premises, there on such incidents | see a big value with this
information.

The excerpt shows that even if the time-window for interaction is con-
densed, the fire crew commander argues that the information still is
important and has significant value even when the incident is located
in their home district. However, this does not reduce the importance to
acknowledge the concern of the condensed interaction time-window. A
suggestion was made in the discussion that secondary units have in most

cases longer distance to the accident location and thereby a longer trans-
portation time. They would therefore be in better position in using and
benefit of the information provided by the system. The temporal aspects of
the mobilization of units and specifically the temporal structure of trans-
portation affect the opportunities for system use.

MosiLe usk: The work conducted by a fire crew on the accident location
is to a large extent physical work where the use of hand-tools and heavy
equipment are primary means to intervene in the emergency. Such physi-
cal work presents some limitations on introducing additional devices that
the fire crew should or could bring along. Mobile devices mediating inci-
dent specific information does not necessary have a place in such work.
The following excerpt presents the fire crews reflection on this issue.

FIREMAN 1: Are we supposed to bring it with us out of the vehicle?

FIRE CREW COMMANDER: Should | bring it with me? Honestly,

I think... would access the information enroute to the accident
location...if | need more info...then you guys have to start the
work and | can stay in the vehicle a minute or so.

FIREMAN 2: It should not be a thing that one must bring along
and keep track of.

FIRE CREW COMMANDER: | cannot walk around with this too. It is
difficult already as it is today with two radio devices and a mobile
phone. Sometimes | use the command centre channel when |
intended to talk on the local radio channel. This happens.The
urgency when we arrive, with people that need my attention

and so make it difficult to add an additional device.

The above excerpt illustrates how the fire crew is elaborating on the issue
whether the device should be kept in the vehicle or brought along for
mobile use on the accident location. The temporal urgency in the initial
response work has impact on the ability to bring along the technology. The
excerpt shows how the fire crew commander is exploring how the need
of using the technology can be negotiated in relation to the need of rapid
intervention. What is shown here is a potential conflict between imme-
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diate physical presence on the accident site and the value of continued
interaction after arrival to the accident site.

5.1 RAPID INTERACTION DURING MOBILIZATION

In the first excerpt from the field exercise, it is shown (Picture 1) how the
three firemen in the ISR-unit (Interior Search and Rescue) sitting in the
passenger compartment collectively use the prototype. However, only two
(F1 & F2) of the three firemen were using the prototype and talking. The
third fireman was watching without actively interact in the conversation
or the computer interaction. The fire crew commander (FCC) is positioned

in the front left seat.

Photos from field experiment

TIME' ACTOR CONVERSATION COMMENTS / GESTURES
There you see where Looking at a map over the
oo:o1 FI: ) .
the factory is. factory and local surroundings.
00:03 F2: Is it this one? pointing with the pen
00:04 F1: No, this one. pointing with finger on screen

00:04 F2: Okay...

Clicking on a new information

0o0:05 F1: Use the aerial view. tab, accessing an aerial photo
oo:11 Fl: | barely see it from here.
00:13  F2: You enter there.

00:14 F1: Yes...

0016 F2: You can drive in here
and turn way there!

00:19  Fl: Use the entry floor...zero level.
Very loud radio communication over the open-radio channel
interrupts the ongoing interaction. Eventually The fire crew
commander adjusts the volume and the exercise continues.
You have not receive it, Clicking on‘a new /nfgrmat/on

oo:31 FI: e s tab, accessing the building
you didn’t click. :

blueprints.

00:44 F2: It is rotated...the last one is still.

00.48 F: No, there is the alarm panel. Pointing on screen.

00: FCC: We have radio channel 86 adam..

49 *adamis the radio channel.
008 Fl: look here check this..here we Pointing on screen
& ’ enter to the alarm panel...there. g '

01:00 F2: Hmmm.
The alarm panel is located five

oro2 Fl: meter that way. At number one
approximately.

o1:07 F2: Yes..there somewhere. Pointing on screen.

01:09 F1: There yes. Pointing on screen.
Alarm panel, it is actually .

o114 F2: printed here. Pointing on screen.

0116 FI: It is just behind..just behind
the door.

o1:20 F1: Then, it just to check what diffe- Counting sections.

rent types of... one, two, three.

Table: Rapid interaction

"Minutes and seconds
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The excerpt shows that the firemen spent 1 minute and 20 seconds from
the point when they got seated before they had navigated through the
information in the prototype, from the schematic overviews and down to
the detailed building blueprints. This time-period includes also approxi-
mately 20 seconds of interrupting radio traffic, not part of the exercise.
They used three different information objects; the map, the aerial photo,
and entry level building blueprint. Each new information object was more
detailed than the previous potentially extending the length of time spent
on each information object. The recording shows that the map was visible
approximately 5 seconds, the aerial photo for 20 seconds and the building
blueprint more than 35 seconds.

5.2 CONVERSATIONAL RESOURCE

In the second excerpt from the field exercise, the fire crew commander
asks if the other firemen have looked at any potential risks. Here we see
a more collective use of the prototype between the fire crew commander
and the rest of the fire crew. The fire crew commander initiates the dis-
cussion about risks and one of the firemen starts to read aloud the risk
information.

TIME' ACTOR CONVERSATION COMMENTS / GESTURES

03:12 FCC: Have you checked for risks.

Currently looking at the

. . i+
03:13 F1: Where do you find it? building blueprints

03:15 FCC: Object info.

03:16 F1: Object info?
Clicking on a new information
03:17 F2: We have not read that. tab, accessing object info and
risks.
03:18 F1: Lets have a look...so.

03:22 FCC: Two storey building.

Holding the device using left
hand for a better reading
angle.

03:26 F1: Lets see.

Two storey building, three
thousand six-hundred .
03:27 F2: square meters, personnel Reading loudly.

sixty, smoke ventilators.

Clicking on the information
03:30 F1 tab to access building
blueprints.

Smoke ventilators...there is
03:33 F1: a room...there a room with
hazard material.

Table: Conversational resource

"Minutes and seconds

The above excerpt shows how the textual content in the prototype results
in an initiative to read aloud in order to share the information with the
entire fire crew. The textual information includes both building specific
properties as well information regarding potential hazard material. Infor-
mation understood as particular important by the fire crew.

The excerpt also shows how the fire crew commander asks the firemen
if they have seen the location of the alarm panel. The location of the alarm
panelis the prioritized arrival point in cases of automatic-fire alarms, which
was the case in this exercise alarm. The excerpt shows how the informa-
tion mediated by the prototype works as a conversational resource in order
to reach an understanding of the location. The fire crew commander has
access to the same information as the firemen but still we see verbal com-
munication where references are made to the information mediated by
the prototype in order to make sense of the specific incident location. The
above conversations also indicate that the firemen and the fire crew com-
mander on several occasions were using different information objects that
required adjustment in order to see the same information objects.

The time spent on interacting with the prototype and talking about
building specific properties was around 45 seconds. During this time the
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firemen used a three-step sequence, starting with building blueprints,
switching to building info and the switching back to building blueprints.

5.3 SITUATIONAL ASSESSMENT IN INITIAL INTERVENTION

In the third excerpt from the field exercise, the fire crew commander is
involved in a conversation with a representative (CR) from the company as
is shown in picture 2. Information mediated by the prototype is here used
to support the fire crew commander’s initial situation assessment.

TIME' ACTOR  CONVERSATION COMMENTS/GESTURES PICTURE

What sort of things do you Pointing at the

09:14  FCC: have up there? building blueprint A
on the screen.
Radio call from the firemen
09:16 informing that they are at
the top floor.
It is the location to count
09:25 CR:

all the garments

09:29  FCC: Garments.

Itis aloading station up
there and we send it all _—
09:30 CR: down through pipes on Pointing on screen. B

the other side of that wall.

09:36  FCC: Okay.

Where do you....where do

00: ECC: you store the hazardous Switching view to
9:39 ’ material...it says you have objectinfo.
2000 litres.
Yepp, it is stored in the Pointing with his
09:50 CR: room thirty meters down hand down the

this hall on the right side. corridor.

Table: Situational assessment

"Minutes and seconds

Picture A Picture B

The excerpt shows how the prototype is providing means to make the situ-
ation assessment based on information covering both building layout and
hazard material. The company representative provides location specific
knowledge, which helps the fire crew commander in understanding not
only the building specific structural properties but also the very activities
taking place in the factory. The conversation in this excerpts shows how
the initial question addresses the location of the triggered smoke sensor
and how the conversation later is focused on the location of the hazard
material stored on the ground level.

6 DiISscUsSION

The findings from the field exercise indicate that the prototype was suc-
cessful as a triggering artefact in exploring the challenges in using infor-
mation technology in emergency response work.

The results from this study show that the initial concerns regarding
interaction time-window to a large extent did not obstruct the situated use.
The technology did not alter the work rhythm or imposed new temporal
structures as in the case with mobile phone use in the medical setting
(Shen, Z., Yoo, Y., & Lyytinen, K. (2005). In contrast to this, it was here shown
how the prototype supported the fire crew to make sense of the accident
location, and did not add tasks that conflicted with the work at hand.

The interaction with the prototype was rapid and focused. The pre-
viously concerns regarding potential limitations of the interaction-time
window were not evident in the result from the evaluation. The fire crew
focused in the first interaction cycle on improving their understanding of
the physical dimensions of the location and building. In the second interac-
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tion-cycle, focus was put on risks and hazard material. The field exercise
shows that the two interaction cycles were fairly short but still delivered
resources for the collective verbal conversations. Further, the mobility of
the technology became a resource for the fire crew commander in the situ-
ation assessment activity. The problem of making place for the technology
(Kristoffersen, S. & Ljungberg, F1999) was not evident. Rather the technol-
ogy mediated specific resources for the conversation between the fire crew
commander and the company representative.

The tension between information technology use and temporal aspects
in time-critical work is more complicated than just claiming that informa-
tion technology have a temporal impact. The results from the field exercise
are interesting in relation to the two major concerns expressed by the fire
crew in the workshops prior to the field exercise. In the workshop, the
fire crew expressed concerns whether or not there could be a mandatory
requirement to use the technology. The situated use in the field exercise
shows thatitisrather a question of need to use. The excerpts show how the
fire crew made use of the technology in relation to their current situation.
The results of this study indicate that the design of information technology
for time-critical work should avoid features that could lead to temporal
urgency and thereby obstruct the work. Such features are highly related to
mandatory tasks of using the supporting information technology.

The findings in this paper are based on data of only one field exercise.
One could argue that there is a great difference between a field exercise
and a real’ incident. This is true to some extent, especially on an incident
where a fire crew arrives to a factory that is on fire. However, in many
small-scale incidents, there are no clear visual signs of the accident and
significant time is spent on finding the emergency when arrived to the
incident location. The field exercise presented in this paper is therefore
to a large extent a good representation of what could take place on a real
incident. The true complexity of a full-scale emergency response operation
is not accounted for in this study, which to some extent limits this study
in respect to the complexity of several involved actors (Grudin, 1988) that
would have been the case in a real incident.

This paper contributes to previous research by further exploring the
inter-related relationship between temporal aspects of work practice
and the use of information technology. Previous studies have shown that
information technology have impact on the temporal aspects (Shen, Yoo,

Lyytinen, 2005), whereas in this paper it is shown how technology can be
designed and introduced to comply with these temporal aspects.

The results presented in this paper will provide input for the continual
work with the local fire and rescue services. The results cannot easily be
generalized, across domains or organizations, especially against the limita-
tions of this study. However, the descriptions of the reflections and situated
use of information technology could provide insights to better address the
complexity of designing information technology for time-critical work set-
tings. According to Guba & Lincoln (1989), instead of striving for generaliz-
ability, studies based on an interpretative approach could instead aim to
“facilitate transferability judgments on the part of others who may whish to
apply the study to their own situations” (Guba & Lincoln, 1989, p242)..

7 CONCLUSION

This paper has explored the tension between information technology
use and time-criticality in emergency response work. The study outlined
in this paper is part of initial assessment activities in of the challenges
in using information technology in field operative emergency response.
The work presented in this paper is part of a larger project involving the
study of information technology implementation in a fire & rescue service
in a county. However, this paper covers the initial phase of this project
with the main focus on making initial assessments of the challenges of
introducing information technology on a field operative level. The results
presented in this paper contributes to research and practice by showing
that information technology use could support emergency response work
without having a temporal impact such as temporal urgency caused by the
technology. There is a need to balance the tension between information
technology and time-criticality of work, by providing a design that avoids
temporal urgency caused by the technology.
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