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ABSTRACT 
Emergencies—whether natural or technological, random or 
human-induced—may bring profound and sudden changes to 
organizations, the built environment, and society at large. These 
changes create the need for reliable information about the 
emergency and its impacts, but also for decisions in response to 
the emergency. The tradeoff here is that time and effort devoted to 
seeking and handling information is time unavailable for planning 
and decision making activities. This paper reviews the design and 
intermediary results of a research program directed towards 
investigating the impact of the post-emergency environment on 
information foraging   behavior by emergency response personnel 
as they perform an emergency response task.  

Categories and Subject Descriptors 
H.1.2 [User/Machine Systems]: Human Information Processing, 
Human Factors 

General Terms 
Experimentation, Human Factors. 

Keywords 
information foraging, emergency response 

1. INTRODUCTION 
This paper reports on work to date in developing and testing a 
theory to explain how the immediate post-emergency environment 
shapes information seeking and handling (i.e., foraging) behavior 
by emergency response organizations.  

Emergency response operations are those activities undertaken by 
professional and non-professional personnel to help reduce 
economic or human losses following a highly disruptive event. 
Often enough, these operations take place in risky environments, 
where a premium is placed on an ability to think and act quickly 
and effectively. In order to manage what are sometimes large and 
complex operations, representatives of key agencies (such as 

police, fire, medical and hazardous materials) are assembled into 
groups called emergency response organizations (EROs), as 
shown in Figure 1. EROs work in a management-level capacity to 
identify and resolve problems that cut across organizational 
boundaries [1, 2], such as coordination of fire suppression 
activities with building evacuation activities [3]. Like other 
management-level collectives, they therefore occupy the ground 
between strategic and operational activities [4].  
 

 
Figure 1. Emergency Response Organization 

EROs have long been characterized as centers of information 
processing during response operations [1]. Indeed, protocols to 
guide their activities speak explicitly to this function [5]. A 
distinguishing feature of EROs is that they must process 
information as well as engage in decision making. The fact that 
they operate under time constraint—as well as possibly escalating 
conditions in the field—creates an incentive for them to conclude 
information processing as expediently as possible in order to 
begin mitigating actions [1].  

Prior studies strongly suggest sharp differences in patterns of 
human information processing and decision making when the 
environment in which these activities take place is characterized 
by dynamism [6, 7] and high stakes [8, 9]. The research program 
described here is investigating how the post-emergency 
environment shapes information foraging behavior within 
emergency response organizations. It consists of five main 
activities: development of research hypotheses and study design 
(Section 2); empirical work on examining expert/novice 
differences and the performance of a single expert group (Section 
3); and subsequent refinement of research infrastructure and study 
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design (Section 4). The paper concludes with some thoughts on 
how to extend the approach taken here to field settings, and more 
broadly to other situations where stakes are high and time is short.  

2. Study Design 
Development and articulation of research hypotheses are driven 
by prior research on information foraging theory [10, 11]. 
Information foraging theory is an attempt to explain how 
individuals (and, more recently, groups) seek and handle 
information, usually as part of a goal-directed activity. Contextual 
factors such as risk, time pressure [12] and distribution of 
information (i.e., whether it is common or unique) can influence 
how information foraging occurs [13-15]. Key terms and 
definitions used in the work discussed here are presented in Table 
1. The product of this phase of the work is a paper (currently 
under review) that develops hypotheses concerning the anticipated 
impacts of event severity and time constraint on information 
seeking and handling activities in emergency response 
organizations (EROs).  
 

Table 1. Key Terms and Definitions 

Term Definition 
time 
pressure 

Time pressure is the “subjective perception of 
stress or of being rushed.”  when a person feels 
stress associated with time constraint, time 
pressure exists [16] 

event 
severity 

a measure of immediate risks to humans and 
property at the location of the incident 

common 
information 

item known to all group members before the 
discussion [17, 18] 

unique 
information 

item held by one member before the group 
discussion [17, 18] 

information 
seeking 

“the purposive seeking for information as a 
consequence of a need to satisfy some goal” [19]. 

information 
handling 

the physical and mental acts involved in 
incorporating the information found into the 
group’s existing knowledge base [19].  

 

To test these hypotheses, different sources of data may be 
considered, each with its own benefits and drawbacks [20, 21]. 
Field settings offer potentially rich sources of data but are 
notoriously difficult to secure—particularly since 9/11. 
Additionally, the potential for finding and collecting data from 
some relatively homogeneous population of emergency events is 
slim indeed. Laboratory settings (including those in which 
computer agents serve as proxies for human actors) enable a 
degree of control not available in the field, but must compromise 
on realism to achieve this control. The decision to employ 
laboratory settings for this research program was driven by a 
desire for a more systematic observation of the phenomena under 
consideration, with the expectation that study results and methods 
would inform the development of field work further in the future. 

As suggested above, the environment within which ERO work 
takes place can be complex, dynamic and highly uncertainty. A 
series of computer-based simulations have been used to represent 
what are thought to be some of the more salient properties of this 
environment for information foraging and decision making  [22] 
(see Figure 2). These simulations have been under more or less 
continuous development for the past ten years [23]. They have 
been developed using historical cases of emergency events, 

modified in consultation with subject matter experts, and 
reviewed formally and informally by participants in various 
studies [24].  

The ERO’s task in the simulation is to decide which resources to 
allocate to an incident in order to meet response goals. To do so, 
they must seek and handle information, both from the simulation 
and from each other. In Figure 2, the map at the left displays the 
locations of resources and the incident location (“Z”). Group 
members obtain information for a site by clicking on its icon. A 
list of the equipment available at the site is displayed in the lower 
left. Some information is unique: each member can view only the 
resources at the sites controlled by the member’s service. Other 
information is common: all members have access to a description 
of the incident and to information on resources that are not 
controlled by a particular service. The group coordinator had 
access to information about all resources. 

Groups of five individuals take part in each run of the experiment, 
with one individual for each of four services (fire, police, medical, 
chemical mitigation) plus one coordinator. Audio/video 
recordings of the group are taken as it works, and logs collected of 
their direct interactions with the computer interface.   
 

 
Figure 2. Interface to Simulation 

 

3. Interim Results 
The research hypotheses are tested by identifying instances of 
information seeking and handling by each member of the group 
over time. The data are produced by identifying information 
seeking events from the log files (an automated procedure) and by 
identifying information seeking and handling events from 
transcripts of the conversations (a manual procedure in which 
independent coders are provided with instructions for identifying 
and classifying events of interest). Each seeking or handling event 
has three attributes: the information item being sought or handled; 
the member doing the seeking or handling; and the time of the 
event.  

In the early stages of this work, expert/novice differences were 
examined through experimentation with undergraduate 
engineering and business students as novices, and professional 
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first responders enrolled in an incident management training 
course at the US National Fire Academy as experts. For this study 
[25], we examined information seeking behavior as reflected in 
interaction with the computer interface (i.e., foraging events in the 
conversation transcripts were not identified).  

In this first version of the simulation, all decisions had to be 
submitted at once, and participants had to account for both 
planning and execution times. Once decisions were submitted, the 
simulation concluded (i.e., participants received no feedback on 
the results of their decisions). 

The results show that expertise had a significant impact on effort 
given to locating both common and unique information: novice 
groups clicked on more sites than expert groups did (see Figure 3 
for a plot of these activities over time). The difference in 
preference for unique over common information, however, was 
not significant: both experts and novices were equal in the extent 
to which they queried the system for unique over common 
information. 

 
Figure 3. Average Common & Unique Clicks 

Following these experiments, we developed methods for 
identifying information seeking and handling activities as 
reflected in conversations among group members. As a pilot for 
implementing the new coding scheme, we returned to the National 
Fire Academy data sets and coded the conversations for 
information seeking and handling activities for one group. We 
then created a data set that merged computer-based and 
conversation-based data streams. Figures 4 and 5 show the results 
for the group. Figure 4 shows the count of seeking and handling 
activities for each five minute interval over time. In roughly the 
first half of the experiment, seeking and handling occurred equally 
frequently, after which time the group engaged in more handling. 
Figure 5 shows the combined seeking and handling activities for 
common versus unique information. Foraging for unique 
information generally exceeds foraging for common information 
until the 45 minute mark, after which the trend reverses. 

 
Figure 4. Seeking versus Handling 

 
Figure 5. Foraging for Common versus Unique 

With the conclusion in the development of measurement 
instrumentation (most importantly, instructions for reliable coding 
of information foraging activities from the conversation 
transcripts), the simulation has been substantially redesigned, 
permitting far more interaction and feedback between participants 
and the simulated event [26]. Participants make decisions, receive 
feedback on those decisions via information on level of event 
severity, and can then take subsequent action. Tunable parameters 
in the current version of the simulation are initial event severity 
(expressed as a percentage of maximum event severity), time 
constraint (i.e., the speed at which the simulator clock runs), 
distribution of information (i.e., which information items are 
common versus unique), resources available for response and 
uncertainty associated with the effectiveness of those resources .  

Experiments with this latest simulation have been conducted  with 
emergency response personnel in The Netherlands, and coding 
and analysis of the data from those experiments is underway. 

4. Concluding Comments 
This research is intended to lead to improved understanding of the 
impact of the post-emergency environment on information 
foraging by responding organizations. By employing a laboratory 
study approach, it offers the opportunity for close examination of 
information foraging, but is highly dependent upon the use of 
synthetic environments for representing the response 
environment. Accordingly, this work has involved considerable 
development of these environments and of associated research 
instrumentation. The results of this work suggest differential 
effects of expertise on information foraging. Current work is 
directed towards examining the impact of time constraint and 
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event severity on information foraging within a more dynamic 
simulated environment. 

In the context of the Collaborative Information Behavior 
workshop, we hope to engage others in discussing different 
approaches to the development of process-level theories of 
information foraging. We are particularly interested in discussions 
of research instrumentation that can support researchers in 
examining these phenomena in a wide range of domains. In the 
longer run, we are working towards building computational 
models that can be run in order to simulate the information 
foraging behavior of the groups under study. 
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