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Abstract: Emergencies—whether natural or technological, random or 
human-induced—may bring profound changes to organizations, the built 
environment, and society at large. These changes create the need for reliable 
information about the emergency and its impacts, and thus require respond-
ing organizations to seek and process information from an evolving range 
of sources. By understanding how skilled versus novice response personnel 
search for information in emergencies, we may begin to understand how to 
support and train for skillful information seeking in situations characterized 
by risk, time constraint, and complexity. This study develops a hypothesized 
model of information-seeking behavior in emergency response and evaluates 
it using data from expert and novice groups addressing simulated emergency 
situations. The results suggest that experts maintain breadth in the extent of 
their information seeking, despite increasing time pressure. Novices, on the 
other hand, decrease the extent of their search under increasing time pres-
sure. Both expert and novice groups show a decreasing effort in information 
seeking; moreover, effort devoted to search for common and unique informa-
tion decreases over time.

1. Introduction

Emergencies—whether natural or technological, random or human-induced—
may bring profound changes to organizations, the built environment, and 
society at large. These changes create the need for reliable information about 
the emergency and its impacts, and thus require responding organizations to 
seek information from an evolving range of sources while tracking a possibly 
changing set of response goals.
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In emergencies, as in many other situations, information needs drive deci-
sion makers’ search for different types of information. Emergency situations 
differ from nonemergency situations in a number of ways, however [20, 22]. 
Time constraint forces decision makers to manage tradeoffs between the 
effort required to search and the anticipated value of information of various 
types. Indeed, in emergency situations, time spent on information seeking 
and other planning activities is time taken away from plan implementation. 
Emergencies also entail risks to life and property, adding to the need to make 
rapid but accurate decisions but also increasing the penalties associated with 
making the wrong decision or failing to make the right decision in a timely 
manner. Finally, emergencies may be complex, requiring coordination and 
shared responsibility across numerous organizations.

One approach to understanding how to train for and support skillful 
information seeking in emergencies is to examine differences in information-
seeking behavior between novices and experts. This paper begins by review-
ing the existing literature (Section 2) to develop a preliminary model of how 
conditions of risk, time constraint and emergency complexity may impact 
information-seeking behavior (Section 3). It then develops a set of hypoth-
eses (Section 3) concerning how expert and novice information seeking may 
differ under these conditions and explores answers to these hypotheses by 
examining information-seeking behavior by experts and novices in a simu-
lated emergency scenario (Section 4). The results are presented in Section 5 
and discussed in Section 6, along with possibilities for future work in refining 
the proposed model.

2. Background and Related Research

Various factors may impact group information seeking during decision mak-
ing. These include the degree of consensus of group opinion; whether the 
information is common, partially shared, or unique; public assignment of 
expert role; number of decision alternatives; decision deadline or time pres-
sure; availability of a group support system; demonstrability of a fact’s exist-
ence; and familiarity with the decision topic [7, 8, 18, 24, 25, 29, 30].

2.1. INFORMATION-SEEKING BEHAVIOR

Search may be characterized by its extent (i.e., how exhaustive is it) and 
nature (i.e., what is searched for) [6]. Information seeking is “the purpo-
sive seeking for information as a consequence of  a need to satisfy some 
goal” [34]. Prior work [11, 16, 19] suggests that information seeking is 
a process driven by information needs for the fulfillment of  particular 
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tasks. Information seeking can be said to consist of  setting goals, form-
ing a search set, refining the search set, locating the desired information, 
and reviewing or evaluating found information. The information-seeking 
process exists within a context, and is influenced by such factors as envi-
ronment, technology, individual characteristics, and task goals [26]. These 
influencing factors impact strategy selection, search efficiency, and search 
performance (i.e., the extent to which the search results satisfy the informa-
tion needs and task goals).

Information seeking has also been characterized as dynamic and non-
linear [12, 32], “analogous to an artist’s palette, in which activities remain 
available throughout the course of information seeking” [12]. Information 
seeking is not merely a step-by-step process: the loops of feedback and itera-
tive activities happen anytime. Interaction between search processes, search 
outcomes, and the external context leads information seekers to adaptations 
that are reflected in their search patterns. Previous studies do not clearly 
explain how such changes happen over time, and how certain variables may 
impact these changes.

2.2. GRMOUP INFORMATION EXCHANGE AND USE

Prior work on information-seeking behavior has focused on how information 
seeking by individuals is influenced by environmental, technical, or personal 
characteristics [11, 16]. In a group context, decision makers from different 
professional domains can contribute their knowledge and cooperate to solve 
a task, and thus benefit from a larger pool of knowledge than might indi-
vidual decision makers. The assumption is that group discussion will lead to 
the introduction of more relevant information. However, while availability 
of information is likely to be a prerequisite for high-quality group decisions 
[24], availability itself  does not necessarily induce optimal decisions. This 
may be seen in how various types of information are used. From the perspec-
tive of group members, information may be common (if  it is known to all 
group members before the discussion), partially shared (if  it is known to part 
but not all group members), or unique (if  it is held by one member before 
the group discussion) [7, 8, 25]. However, group members tend to discuss and 
think more about common information (i.e., information originally known 
to all group members) and less about unique information (i.e., information 
originally known to only one or a few members) [8, 29].

The relationship between information availability and group performance 
varies due to within-group processes. While information recall and informa-
tion exchange lead to more information being used by groups, only when 
group members access, store, and utilize the information will it actually show 
its value in the decision-making process. These three activities are an integral 
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part of every step in decision making, though their relative importance may 
change depending on the stage of the decision-making process.

2.3. TIME PRESSURE

In an emergency response situation, time is critical, since any time spent on 
decision planning is unavailable for decision execution. Time pressure may 
impact information-seeking behavior during decision making and problem 
solving in a number of ways [1, 9, 23]. Time pressure may impact decision 
makers’ working rate and their confidence in judgments [1]. Under time 
pressure, decision makers may speed up their information processing and 
be more selective in choosing information to be processed. As time pressure 
increases, they may switch to simpler information search strategies and deci-
sion rules [33].

The impacts of time pressure on group information-seeking behavior 
may manifest in two ways. First, the information needs of the group will be 
more focused and the priorities of the information processed will change. 
Information seeking will be more directed towards task-related information 
in such situations [18]. Second, as with individuals, group members will use 
an “acceleration and filtration” strategy [18] by eliminating some options, 
accessing a smaller proportion of information, and accelerating their search 
by spending less time handling each item of information accessed. A hierarchy 
of these strategies exists in people’s reactions to time pressure. Acceleration 
will be the first response to time pressure, and selection will most probably 
appear as the second reaction when acceleration is insufficient. If  selection is 
still not sufficient, people switch information search strategies to meet their 
information needs within the time constraint [2].

Severe time constraint may lead decision makers to rely on informa-
tion that is already on-hand. The group members’ intention to enlarge the 
information pool would interact with their adoption of  a filtration search 
strategy across the different stages of  the decision-making process. The 
benefit of  obtaining new information may not outweigh the risk of  time 
delay under severely time-constrained conditions. The counterbalance 
of  these two effects will determine which takes the dominant position in 
information seeking.

2.4. TASK DIFFICULTY

Task difficulty or complexity [10, 14, 31] can be defined in terms of the 
objective task characteristics contributing to the multiplicity of goals and 
ways to accomplish the goals [5]. Complex tasks are difficult by their nature, 
but difficult tasks may not always be complex. The point is that certain tasks 
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can be difficult (i.e., require high effort) without necessarily being complex; 
in contrast, some tasks are difficult because they are complex.

Task difficulty is related directly to attributes that increase informa-
tion load, information diversity, and/or rate of  information change as 
follows [5]:

1. The presence of multiple potential ways to meet a desired goal

2. The presence of multiple desired goals to be attained

3. The presence of conflicting interdependence among ways to multiple goals

4. The presence of uncertain or probabilistic links among ways and goals

In emergency situations, task difficulty can be regarded as a function of time, 
risk, available resources, and changing sub-goals. Decreasing time and risks in 
the environment increases the rate of information change. Decreasing available 
resources requires additional information processing. As available time decreases, 
available resources—which are likely to be distributed over geographic space—
also decrease, thus making certain solutions infeasible. Emergency responders 
must therefore devise alternative (possibly improvised) ways to solve the prob-
lem [25]. Third, multiple and possibly evolving goals increase information load. 
Given some criterion for efficiency (e.g., planning and executing within the 
decreasing available time), possible solutions need to be evaluated against it. In 
such cases, task difficulty grows according to the decreasing available resources 
and the decreasing feasible courses of action. Information processing require-
ments will increase substantially if the connection between potential decisions 
and desired outcomes cannot be established with sufficient certainty.

2.5. EXPERTISE

An expert could be a person with domain-specific knowledge or task-related 
experience, or both. Expertise can improve group performance by increasing
each member’s ability and judgment; task experience can improve group 
performance by facilitating problem recognition and utilization of relevant 
knowledge [13, 17].

The discovery of expert/novice differences has been instrumental in 
uncovering skills and knowledge that enable high performance. Such study 
has been found in a variety of areas, from individual physics problem solv-
ing [15, 28] to group decision making in complex tasks [1, 4]. Experts are 
expected to spend less time on a problem, to memorize more relevant infor-
mation, and solve the problem faster than novices [6, 15, 28]. Moreover, 
expert/novice differences are also manifested as differences in confidence 
[28]. In time-constrained situations, experts may be more efficient in infor-
mation filtering (i.e., separating relevant from irrelevant information) and 
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exhibit more confidence about their choices. For example, a study on the 
decision making of air commanders in a dynamic environment under very 
limiting time constraints reveals that experienced commanders tend to make 
fewer decisions within a given time interval, and process additional informa-
tion better than less-experienced commanders [1].

Differences are also expected in the information-seeking behaviors of 
experts and novices [27]. Experts’ information-seeking behaviors are well 
organized according to sets of basic units while novices’ are characterized 
by depth-first and breadth-first search, suggesting that experts utilize known 
facts more effectively than novices, since in the same circumstances novices 
may need more cues to solve a problem.

3.  A Model of Group Information-Seeking Behavior 
in Emergency Response

Prior work on information seeking and the impact of  risk, task complexity, 
and time pressure on the behavior of  decision-making groups in emergen-
cies is here integrated into a preliminary model (Figure 1). When decision 
makers at some time t are faced with a future deadline at time T, every 
minute spent on planning is one less minute available for plan execution. 

Extent of search

Size of search space

T

0 1 t T
Time

Time available for implementation

Task difficulty

Figure 1. Model of information-seeking behavior.



 GROUP INFORMATION-SEEKING BEHAVIOR  61

Simultaneously, material and personnel resources available for responding 
to the event decrease, since they will typically have to be dispatched from 
one location to another. The number of  plans (or courses of  action) invol-
ving these resources decreases, thus reducing the size of  the search space. 
As a result, a greater percentage of  the resources—and therefore a greater 
percentage of  the space—can be searched over time. In contrast, both 
the passage of  time and the reduction in available resources contribute to 
increasing complexity and risk, thus making the problem of how to respond 
harder to solve. Consequently, response personnel are forced to “make do” 
with resources that are or can be made available in time. Task difficulty is 
inversely related to the number of  available resources and the number of 
potential solutions.

The hypotheses that follow from this model are described below. Also 
included are hypotheses pertaining to the impact of expertise on informa-
tion seeking, as well as hypotheses concerning the seeking of common versus 
unique information by groups.

3.1. H1: EXTENT OF SEARCH

The extent of search by groups could be considered from two perspectives. 
First, from the objective perspective, the size of the search space decreases 
over time because group members have fewer information sources to explore 
when approaching the deadline and thus are more likely to exhaust available 
sources. Second, from the subjective perspective, group members accelerate 
their search by spending less time examining each information source, lead-
ing to hypothesis H1.1:

H1.1: As time to implement decreases, the extent of search increases.

Domain knowledge and prior relevant experience can provide experts 
with a higher capability to deal with the emergency than novices. Under time 
constraint, experts are more confident in selecting the most relevant infor-
mation and making decisions with a small amount of information, while 
novices may have to examine more information sources to enable decision 
making, leading to hypothesis H1.2:

H1.2: The search extent of novice groups will be greater than that for expert groups.

3.2. H2: NATURE OF SEARCH

The information-seeking process in emergency response is time critical. 
For two successive stages in the decision-making process (i.e., considera-
tion set formation and final choice selection), information-seeking activities
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are likely to be more concentrated in the first stage than in the second one. 
As available time decreases, group decision makers are likely to devote 
more time to evaluating on-hand information and finalizing decisions, thus 
decreasing information-seeking activities. However, a preference for common 
information and the increase in time pressure may make search for common 
information increase but search for unique information decrease, leading to 
hypotheses H2.1 through H2.3:

H2.1:  As time to implement decreases, search for common and unique information 
decreases.

H2.2: As time to implement decreases, search for common information increases.

H2.3: As time to implement decreases, search for unique information decreases.

The impact of time pressure is likely to be less for experts than for nov-
ices. Experts process additional information better than novices, and are less 
likely than novices to change their information-seeking strategies under time 
constraint, leading to hypothesis H2.4:

H2.4:  As time to implement decreases, search for information (both common and 
unique) by groups of experts will change less than search for information by 
groups of novices.

4. Model Evaluation

We now turn to the design of a study used to investigate the proposed model 
of group information-seeking behavior in emergency response. The simu-
lated emergency scenarios used in the study are described first, followed by 
the data description and the measures used in the model evaluation.

4.1. EXPERIMENT ENVIRONMENT

The data were drawn from a series of studies on group decision making in 
simulated emergency response scenarios [21]. Both novice and experienced 
groups of participants convened to work on two separate emergency response-
related cases. Each group had five participants: one group coordinator (CO) 
acted as a facilitator and principal communicator with the decision support 
system and the others each represented one of four emergency services; i.e., 
Police Department (PD), Fire Department (FD), Medical Officer (MO), and 
Chemical Advisor (CA). The group’s task was to allocate resources to the 
incident location in order to meet the goals of the emergency response. The 
layout of a typical experimental session is shown in Figure 2. All experimental 
sessions were videotaped for later transcription and analysis.
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Each group had two ways to access information during the emergency 
response process:

1. Track the information via the computer support system

2. Acquire information from group members via conversations

Figure 3 shows the interface of the computer support system used by the 
CO in Case One Phase Two. The map at the left displays the locations of 
resources and the incident location (“Z”). Group members obtained infor-
mation for a site by clicking on its icon. A list of the equipment available at 
the site was displayed in the lower left. Some information was unique: each 
non-CO member could view only the resources at the sites controlled by that 
role. For example, FD could learn about sites that had firefighting equip-
ment, but not about sites that had medical equipment. Messages were also 
tailored to the individual services, and could only be seen by the representa-
tives of those services. Some information was global: all members had access 
to a description of the incident and all members could access information on 
resources (such as gymnasiums and supermarkets) that were not controlled 
by a particular service. Also, the CO had accessibility to information about 
all sites. In Figure 3, sites O, Q, L, and M are alternate resources; all other sites 

Figure 2. Layout of the experimental session.
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(sites A to K, N, and P) are controlled by individual services. Individuals there-
fore had incomplete information locally but complete information globally.

Groups were given 50 min to plan and execute courses of action to 
accomplish the goals of the response. In other words, every minute spent on 
decision planning was one less minute available for decision execution. As 
time passed, certain resources therefore became infeasible. Simultaneously, 
the situation was likely to escalate, so that problem difficulty increased due 
to increasing situation severity and decreased response capability. Decision 
support was provided to some groups when certain resources became una-
vailable but alternate resources could be used. The system recommended 
procedures that had to be assembled to form a solution. Participants elected 
either to accept, reject, or modify these procedures. Unsupported groups 
received no assistance on either case.

4.2. PARTICIPANTS

Novice participants were college students enrolled in undergraduate busi-
ness or engineering programs, while expert participants were students at the 
U.S. National Fire Academy. Both novice and expert groups were randomly 

Figure 3. Computer interface for simulated emergency in Case One.
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assigned to the support or no support condition in each case, with each 
group providing two observations via a balanced incomplete block design. 
The number of observations in each condition is shown in Table 1.

4.3. TASKS

Two simulated emergency cases drawn from actual accidents were used in 
this study. Case One concerns a cargo ship fire with an oil spill; Case Two 
concerns a collision between two ships with a resulting chemical emission. 
Each case solved by the group has two phases. In Phase One, the group is 
told only to plan for the activities necessary to address the emergency and 
is given 20 min to do so. The group then works to develop courses of action 
to address the emergency situation and submits these, along with the goals 
they wish to achieve, through the CO. Following a brief  pause, Phase Two 
begins: the group is informed that certain resources have become unavailable 
but that other, nonstandard resources (specified on-screen) can be used. The 
time-constrained element of the experiment is also introduced: participants 
are told that activities have to be planned-for and completable within 50 min, 
at which time an event with potential for catastrophic impact is anticipated 
to occur. Given the nature of the Phase Two time constraint, it is essential 
that participants account simultaneously for planning and execution times. 
Phase Two (and the case) conclude once the CO has submitted the group’s 
courses of action and corresponding goals. Each participant then fills out a 
questionnaire assessing their individual opinions about the course of action 
submitted in Phase Two. This sequence is repeated for Case Two. Participants 
then fill out a questionnaire assessing their professional qualifications 
and overall impression of the experiment. An informal debriefing session 
concludes the experiment, which lasts approximately 2 h.

4.4. DATA SOURCES

Data used to analyze group information-seeking behavior are stored in 
computer logs that contain records of which resources were examined by 

TABLE 1. Number of observations under each condition.

Expert Novice

Case 1 Support 3 2
No support 4 2

Case 2 Support 3 2
No support 4 2
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which group members at which time. When a group member clicked on a 
site to discover what resources were available, the site label and time of click 
were written to the log file, along with other data such as the session, group 
and participant role. All records are time-synchronized for analysis. Sample 
records from one log file are shown in Table 2. Stream indicates the category 
of  each event in the logs. Records concerning the information-seeking 
process are identified with a p (for process) in the Stream column, and are 
here the object of analysis. (Records denoted with m mark the boundary 
between cases and phases; records with a d mark the point at which decisions 
were made.) As an example, the second record shows that participant CA in 
group A of session NFA1 clicked site C at 7:33:36 p.m. (148,132 ticks, where 
1 tick equates to 1/60 s).

Of interest in this study is information-seeking behavior in situations 
requiring executing and planning at the same time. Consequently, data from 
Phase Two are used in the analysis.

4.5. MEASURES

Four measures are used in addressing the hypotheses, as shown in Table 3. 
The extent of  search (M1) is measured by the proportion of  search 
space explored (i.e., the proportion of  all sites clicked by a group). The 
nature of  search is measured by three parameters: the number of  clicks 
on common information sites (M2), the number of  clicks on unique 
information sites (M3), and the number of  clicks on both common and 
unique information sites (M4). M2, M3, and M4 reflect the effort devoted 
to locating common, unique, and all information in the information-seek-
ing process.

According to the measures defined above, the hypotheses proposed are 
summarized in Table 4.

TABLE 2. Sample records from the log file.

Session Group Participant Stream Time Ticks Tape_T Event

NFA1 A CA m 7:33:12 p.m. 146,676 164835 “BeginC1P1”
NFA1 A CA p 7:33:36 p.m. 148,132 171262 “C”
NFA1 A CA p 7:33:44 p.m. 148,596 172035 “G”
…
NFA1 A CA d 7:45:51 p.m. 192,245 292784 “Ga,1,0100”
NFA1 A CA m 7:45:51 p.m. 192,255 292800 “EndC1P1”
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5. Results

5.1. EXTENT OF SEARCH

All hypotheses are investigated for each case. The starting time of the session 
is 0 min and the ending time is 50 min. Data for evaluating the hypotheses 
are presented in Figures 4 through 9. In each figure, the horizontal axis 
represents time, which means the range of the time allowed for the task 
(i.e., 50 min). As Phase Two of each case progressed, the available time to 
implement decreased from 50 to 0 min. The groups had to consider the time 
remaining for execution since dispatching the available resources to the inci-
dent location takes some time. Dispatching time varies due to the distances 
between the resources’ locations and the incident location. For example, in 
Case 1 (see map in Figure 3) the nearest sites to the incident location Z are O 
and Q, from which the resources can be delivered to Z within 5 min; the fur-
thest site is I, from which the resources can be delivered within 23 min. Thus 

TABLE 3. Information-seeking measures.

Aspects
of seeking 
behavior Variable Name Description

Extent of 
search

M1 Extent # minute
#

of sites clicked within every
of sites available within everry minute

100%

Nature of 
search

M2 #Common Average number of clicks on alternative resources 
within every minute made by each group

M3 #Unique Average number of clicks on non-AR sites within 
every minute made by each group

M4 #Total Average number of clicks on all sites within every 
minute made by each group

TABLE 4. Summary of hypotheses.

Name Testing hypotheses

H1.1 M1t1 < M1t2, t1 < t2
H1.2 M1E < M1N

*

H2.1 M4t1 > M4t2, t1 < t2
H2.2 M2t1 < M2t2, t1 < t2
H2.3 M3t1 > M3t2, t1 < t2
H2.4 |M4t1 − M4t2|E <|M4t1 − M4t2|N t1 < t2

* E – Expert groups, N – Novice groups.
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at the beginning of a phase (Time 0), all 17 sites in Case 1 were reachable 
for the group. As time passed, the reachable sites decreased. At Time 28, for 
example, resources at Site I could not be used in a feasible course of action 
since Site I was out of range. At Time 46, the remaining time to implement 
is only 4 min; even the resources at the nearest sites (O and Q) cannot be dis-
patched to the incident location Z. The size of the search space after Time 
46 became 0. The change of the size of search space over time is shown in 
Figure 4. Decreased search-space size reduces the number of potential solu-
tions, and further makes the task more difficult to complete.

All possible courses of action that can be taken using the available 
resources to meet the response goals are calculated and shown in Figure 5. 
In Case 1, the number of courses of action drops after the first 20 min of 
the task. At the beginning (Time Zero), there are 41,739 possible courses of 
action for implementation; at Time 20, the number of courses of action drops 
to 261. Case 2 is similar in this regard. The difference is that at the beginning 

Figure 5. Number of courses of action over time in (a) Case 1 and (b) Case 2.

20

18

16

14

12

10

8

6

4

2

0

20

18

16

14

12

10

8

6

4

2

0
0 5 10 15 20 25 30

Time Timeba
35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

Case 1 Case 2Size of
Search Space

Size of
Search Space

Figure 4. Size of search space over time in (a) Case 1 and (b) Case 2.



 GROUP INFORMATION-SEEKING BEHAVIOR  69

there are 980,128 possible courses of action, which are 23.5 times the number 
in Case 1, making Case 2 more complex in this sense. As discussed previ-
ously, task difficulty is inversely related to the number of potential solutions. 
The reductions in the number of courses of action lead to reductions of the 
number of potential solutions, thus increasing the task difficulty.

With the increase in task difficulty, the number of sites explored by group 
participants shows a decreasing trend in both Cases 1 and 2 (Figure 6). The 
decreasing trend is more obvious during the period when the number of 
courses of action drops dramatically (i.e., from Time 0 to Time 20). After 
that the number of sites does not vary greatly. Figure 6 also shows that novice 
groups explored more sites than expert groups during the first period.

The extent of search is computed according to the number of sites 
explored and the size of search space at every minute (Figure 7). On average 

Figure 6. Number of sites explored by expert and novice groups over time in (a) Case 1 and 
(b) Case 2.

Figure 7. Extent of search between expert and novice groups over time in (a) Case 1 and (b) 
Case 2.
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in Case 1, the extent of search by novice groups is 20.9% and the extent of 
search by expert groups is 11.0%. In Case 2, the extent of search by novice 
groups is 16% and the extent of search by expert groups is 10.7%. Novice groups
have a higher extent of search than expert groups. Moreover, the higher 
extent is obvious in the first period of time (before Time 25). Near the end 
of the task expert groups show a 100% extent, which means they clicked 
all available sites at that time while novice groups show a 0% extent, which 
means they gave up the information search.

5.2. NATURE OF SEARCH

Group participants’ search behavior for common, unique, and all informa-
tion is shown in Figure 8.

Search for all information (both common and unique) displays an obvi-
ous decreasing pattern in both cases. Search for common information also 
shows a decreasing pattern in both cases. However, the search trend for 
unique information is not consistent: it decreases in Case 1 but persists 
almost at the same level in Case 2. The average number of clicks on each type 
of information in both cases is listed in Table 5. In Case 1, there are more 

Figure 8. Clicks on common, unique, and all information sites over time in (a) Case 1 and 
(b) Case 2.

TABLE 5. Mean number of clicks on different types of information.

Case 1 Case 2

Total 3.24 2.95
Common 1.11 1.37
Unique 2.13 0.36
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clicks on unique information than on common information; the reverse is 
true in Case 2: there are fewer clicks on unique information than on common 
information.

Information search differences between expert and novice groups are 
shown in Figure 9. The number of clicks by novice groups is higher than for 
expert groups. Novice groups clicked more frequently in the first period of 
time and their number of clicks dropped fast as the deadline approached. 
Expert groups clicked quite often at the very beginning of the task, but most 
of the time they clicked at a relatively consistent level.

5.3. SUMMARY OF RESULTS

In summary, the extent of  search displays a decreasing trend as time 
to implement decreases, and novice groups exhibit a higher extent of 
search than expert groups do. The only exception is in the last several 
minutes, when novice groups gave up their search and expert groups 
still explored all available sites, though there were only one or two sites 
available. As to the nature of  search, the number of  searches for all 
(both common and unique), common, and unique information decreases 
as time to implement decreases. Novice groups clicked much more for 
information acquisition than expert groups did during the first 25 min. 
As time passed, the number of  clicks by novice groups converged with 
the number of  clicks made by expert groups. These results are summa-
rized in Table 6.

Figure 9. Clicks on information sites by expert and novice groups over time in (a) Case 1 and 
(b) Case 2.
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6. Discussion

The results suggest that the extent of search does not increase over time. On 
the contrary, the extent decreases as time to implement decreases, though 
this decreasing trend is not obvious in expert groups. As discussed in Section 
3, it was assumed that the decreasing size of the search space and the accel-
eration strategy the groups adopted in time-constrained situations would 
lead to an increase in search extent. However, two other factors likely may 
have impacted search behavior. First, task difficulty increases over time in 
emergency response. The number of potential courses of action decreases 
over time, leading to a decrease in the number of potential solutions. Because 
task difficulty is inversely related to the number of potential solutions and 
positively related to the risks involved in the emergency response, the task 
will become more difficult over time. This increased difficulty leads groups to 
spend more time processing and evaluating on-hand information. Moreover, 
when the task becomes harder, both expert and novice groups tend to be more 
purposeful [28]: that is, the scope of their search tends to shrink in order to 
meet response goals. Second, considered in a broader framework of informa-
tion-seeking behavior, the activities of information search, processing, and 
use are weighted differently in the different stages of the emergency response 
process. Groups’ efforts will be devoted to locating information more at the 
beginning of the decision-making process for later filtration and final choice.

Another interesting finding is that little change has been observed in the 
nature and extent of search behavior of expert groups over time. Experience 
on prior emergency cases provides experts with skills to approach a similar 
emergency task. Striking changes in the extent of search only happened 
at the very beginning and very end of the process. An explanation for the 
high extent of search at the beginning of the process is that risks involved 
in the escalating catastrophe drive experts to learn more facts to eliminate 
uncertainty. An explanation to the high extent of search near the end is the 
extremely small size of the search space (one or two sites only). Under such 

TABLE 6. Summary of the results.

Hypotheses Description Results

Extent of search H1.1 M1t1 < M1t2, t1 < t2 Rejected
H1.2 M1E < M1N Supported

Nature of search H2.1 M4t1 > M4t2, t1 < t2 Supported
H2.2 M2t1 < M2t2, t1 < t2 Rejected
H2.3 M3t1 > M3t2, t1 < t2 Supported
H2.4 |M4t1 − M4t2|E < |M4t1 − M4t2|N t1 < t2 Partially supported
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condition, even with severe time constraints it is easy for groups to click 
all sites in a very short time. Novice groups, as expected, explored a higher 
proportion of the available sites and sought more information than expert 
groups did during the emergency response process. Figure 10 shows a revised 
model incorporating the data from the present study.

In the simulated environment used here, the size of the search space and 
the number of potential courses of action decrease over time, thus increasing 
task difficulty. The extent of search does not show a consistent increasing 
trend. A number of explanations are possible. In general, the extent of search 
is likely to decrease in an emergency, but striking changes may be expected 
at the beginning and the very end, owing either to surprise at the event’s 
sudden onset or the urgent need to complete the response before some dead-
line. Such changes will therefore be influenced by the risk arising from the 
environment and time pressure imposed on the decision groups.

7. Conclusion

Emergencies create the need for reliable information about the initiating event 
and its impact on society and the built environment. Response personnel may 

size of search space

feasible actions

common info.

unique info.

0 5 10 15

Time

20 25 30 35 40 45 50

Figure 10. Revised model of information-seeking behaviors.
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have to coordinate to seek and process information in a timely manner in 
order to make informed decisions about how to meet goals for the response. 
Understanding group information-seeking behavior is thus critical for improv-
ing group performance in emergency response situations. A computer-simu-
lated environment was used to develop refinements to an initial model of how 
risk, time constraints, and expertise can influence group information-seeking 
behavior. The results suggest that both expert and novice groups display a 
decreasing trend for the extent of search as time to implement decreases, and 
novice groups exhibit a higher extent of search than expert groups do. Searches 
for both common and unique information decrease over time.

One suggestion of this research is that time pressure impacts patterns of 
information seeking both for expert and novice groups. Information from the 
same resource may not be the same as time passes; meanwhile, groups spend 
a decreasing amount of time and effort on information seeking. The cost 
of spending limited effort on unavailable information resources may be too 
high for emergency response groups. A second suggestion concerns the effort 
groups devote to seeking unique and common information. Novice groups 
may spend more effort locating both unique and common information than 
expert groups. So under the condition in which unique information is critical 
for decision making with time constraint, decision support systems may be 
of great value for decision makers in targeting search.

Future work in this area includes the consolidation of the proposed 
model of information-seeking behavior and the investigation of the combined 
impacts of time, expertise and decision support on group information-seeking 
behavior. It may also be advantageous to examine how learning takes place 
during information seeking in emergencies [30], thus contributing further to 
our knowledge of the factors that contribute to differences in expert/novice 
performance.
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