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Abstract

Organizations sometimes face critical situations or crises that can induce severe consequences or even disasters
if wrong decisions are made. The bulk of crisis management research has relied heavily on case study methods
yet often with rhetorical or even inconsistent suggestions. With an exclusive focus on crisis prevention, the issue
of how organizations can maintain good performance when faced with critical situations has largely remained
unexplored. There is also an apparent lack of consideration regarding how aspects of organizational design and
task environment interact and affect organizational performance under critical situations. In this paper, we attempt
to address this issue from an open system'’s perspective and integrate techniques of computational modeling with
the analyses of two crisis cases, the Vincennes incident and the Hinsdale incident. The use of a computational
model with strong organization theory foundation has provided a systematic mechanism for abstracting empirical
information and generating theoretical results, thus complementing conventional case analyses, which thrive on
in-depth information but are often limited by the lack of analytical ability to provide theoretical insight that goes
beyond empirical descriptions. For the two crisis cases, the study shows, through detailed quantitative illustrations,
that the computer model can be very effective in predicting organizational performance and suggesting designs
that organizations can employ to mitigate the impact of crises. This study has demonstrated that our approach
of computational case analysis can be very successful in providing systematic and explicit guidance for effective
crisis mitigation both theoretically and empirically.
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1. Introduction

Today'’s organizations face increasingly complex and critical task situations. Some of those
situations, if not handled properly, can endanger organizational survival (Lagadec, 1981). It
is imperative for the management to ensure that disasters do not happen or that the impact of
critical situations be minimized (Roberts, 1990). A crisis is thus a critical situation that can
have severe negative consequences to the organization (Perrow, 1984). While the bulk of
research in crisis managementhas relied heavily on case methods and focused exclusively on
preventing crises, the focus is often limited, and conclusions are often inconsistent or vague.
Frequently, studies of crisis management have become listings of rhetorical suggestions that
lack both the theoretical background and the quantitative foundation with the issue of how
organizations could mitigate the impact when a crisis occurs remaining unanswered. There
is also an insufficiency of study from an open system’s perspective on how aspects of
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organizational design and task environment interact and affect organizational performance
in critical situations (Pearson and Mitroff, 1993).

Noting the limitations of solely relying on conventional case analyses, researchersin crisis
management have embarked on alternative approaches including computational modeling.
Such studies have ranged from building mathematical models for advising governmental
actions in political and military crisis situations (Havron and Blanton, 1977; Kupperman
and Goldberg, 1987; Rosenthal and Pijnenburg, 1991; Taylor, 1989), to designing train-
ing tools for managerial crisis prevention (Rolfe et al., 1998; Walker, 1995), and further
to relying on operations research for devising logistics systems for tackling food crises
(Arabmazar, 1983). While these studies have provided new insights into various issues of
crisis management, they have largely based themselves on operations research and game
theory approaches, instead of organizational theories, which, we believe, can provide a
much more relevant and stronger foundation to the field of crisis management.

In this paper, we attempt to address the fundamental issue of how organizations can
maintain good performance when faced with critical situations from an open system’s
perspective of organizations (Thompson, 1967). We do so by analyzing two crisis cases
through the integration of a theory-driven computer model. The two cases are: the Vincennes
incident (Rochlin, 1991; U.S. Congress, 1988), in which a civilian air-flight was mistakenly
shot down; and the Hinsdale incident (Pauchant et al., 1990), in which a fire caused a wide-
scale telecommunication outage. They are both well-documented crisis cases and are rich in
background information. The computer model we use builds on concepts of the contingency
theory and helps researchers to examine organizational performance under a wide variety
of organizational and environmental situations. With a high degree of balance in relevancy,
realism, and simplicity (Burton and Obel, 1995), the computer model employs the agent-
based modeling technique to allow cognitively capable individuals to interact with one
another in dynamic and realistic settings where time matters (Axelrod, 1997; Weiss, 1999).

In this paper, we will focus on how to provide both theoretical and empirical recommen-
dations for organizations to mitigate the impact of crises. This research goes beyond the
descriptive stage of conventional case analysis and provides more precise and applicable
answers to the issue of organizational decision making under critical situations. We hope our
research may point us to a new approach of computational case analysis and contribute to
the effectiveness of crisis management both qualitatively and quantitatively. We believe our
approach is not only an important step toward a more systematic and scientificimprovement
of the field, but also necessary given the increasing complexity of today’s organizations.

In the following sections, we will first present a description of the two crisis cases, which
will serve as the traditional case analyses aspect of this study. A theoretical background
from an open system’s perspective will be provided as a foundation for the formal computer
model and further analyses. After a description of the formal computer model, theoretical
insights will be generated through linking the cases to the computer model. Finally, we will
discuss some implications from the study.

2. Two Crisis Cases

In this paper, we examine two cases in which organizations were faced with critical situ-
ations. One case is the Vincennes incident (Rochlin, 1991; U.S. Congress, 1988), and the
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other is the Hinsdale incident (Pauchant et al., 1990). The data we have collected have
described background settings for these organizations and behaviors of these organizations
immediately prior to and during the crises, or critical situations. We choose these two cases
because there are rich data on them and they have also been studied from an organizational
perspective by other researchers. Analyses of the two cases will give us an in-depth look
into how real world organizations made decisions under critical situations. The informa-
tion from the cases also serves as a data source for the computer model, which this study
attempts to use to provide insight into the designs and decision making performance of the
organizations involved.

2.1. The Vincennes Incident

On July 3, 1988, the American warship, USS Vincennes, designed, armed, and trained as
they were for far-ranging “blue water” operations, was patrolling the restricted and shallow
waters of the Persian Gulf. On board the warship, operators, supervisors, and a commanding
officer were engaged in routine operations. Equipped with the most advanced radar system,
the Vincennes was capable of tracking and distinguishing friendly and potentially hostile
aircraft at ranges of tens of miles while having a variety of other combat maneuvers.
Restricted by the waters, however, this “billion-dollar bundle” was not much more able to
defend herself from mines and Iranian speedboats than a less powerful destroyer, and was
almost as vulnerable (Rochlin, 1991).

During the course of the patrol, the Vincennes got engaged in a surface action with
several Iranian armed boats while cruising in the Persian Gulf. During the fierce exchange
of fire, a civilian Iranian air flight happened to fly over the Gulf. Unfortunately, the signal
of the aircraft received by the crew on the Vincennes was incorrectly interpreted as of
military type sent from an Iranian F-14 fighter jet. Further, it was mistakenly reported that
the aircraft was descending toward the Vincennes ship when it was in fact still climbing
according to its usual flight plan. Captain Will Rogers Ill, the Commanding Officer (CO)
of the Vincennes, made the decision of firing two missiles in about a minute. The Iranian
aircraft, with nearly 300 people from six nations aboard, tumbled in flames into the Persian
Gulf. No one survived (Cooper, 1988; U.S. Congress, 1988; Rochlin, 1991).

Many critical questions were raised during the investigations following the Vincennes
incident regarding how such a tragic mistake could have happened. One report questioned
the level as well as value of the Navy’s training. It criticized the Navy for lacking sufficient
training in real fighting situations, instead substituting computer games and having “canned
exercises”, which left the crew unprepared, causing misinterpretation of data from the
radar system when faced with a real and highly stressful situation such as the Persian Gulf
(Cohen, 1988). Another report questioned the purpose of the Navy'’s training. It pointed out
that the Navy was not properly trained for low intensity conflict, but only for superpower
confrontation, and that their personnel as well as war machines were not suitable for the
Persian Gulf situation (Duffy et al., 1988). Yet another report accused the Navy of bias of
judgment in dealing with the Gulf situation (Watson et al., 1988); evidence of such bias were
found in the comment by Adm. William J. Crowe Jr., then Chairman of the Joint Chiefs of
Staff: “The rules of engagement are not neutral. They're biased in favor of saving American
lives.” Other reports pointed out that incorrect information received by the radar system
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regarding whether the aircraft was civilian or military caused the tragedy (U.S. Congress,
1988). Still others challenged the hierarchy of command on the Navy warship and argued
that the mistake occurred because the error was passed to the captain without sufficient
cross-checking and that a better coordination scheme might have avoided such a disaster
(Watson et al., 1988).

The analysis of the case shows that many possible factors may have contributed to the
cause of this accident. While an easy answer could be to call the organization to “fix all the
problems”, what specific factors may have caused the mostimpact and how the organization
can actually fix the problems and improve its performance amidst all the interrelated factors
in such a complex situation have remained unresolved.

2.2. The Hinsdale Incident

The incident started at the Hinsdale switching center, which is owned by the lllinois Bell
Telephone (IBT), and which also controls the telecommunication networks for the Chicago
area. Pressured by the ever increasing competition due to the deregulation of telecommuni-
cations industry, the IBT had reduced a substantial number of personnel over the years. All
switching centers as a result were not staffed during the non-regular hours and were instead
monitored remotely.

On Sunday night, May 8, 1988, with no personnel in the switching center, a fire broke out
in the Hinsdale switching center, due to combinations of fire causing conditions including
poor insulation of cables. What made things worse was that the fire alarm system in the
switch center, which had made numerous false alarms was still in use without any repair.
Suspecting of another false alarm, the personnel in IBT delayed their contact with the fire
department. When they finally discovered the fire, the interruption of telephone service
hindered their contact with the fire department. When the fire department finally arrived,
the center’'s power emergency system was not ordered by the managers from IBT to be shut
off until after several hours, thus prohibiting the fire department from working effectively.

This telecommunication outage severely affected local and long-distance communica-
tions for both telephones and computer networks, as the Hinsdale center was an aggregation
point for major telecommunication links. The estimated business loss and the repair costs
of the accident were set at $200-$300 million (Karwath and Barnum, 1991; Pauchant et al.,
1990). This outage also affected the normal operations of banks, restaurants, travel agencies,
paging systems, cellular phones, etc. Numerous lawsuits are still pending.

A variety of factors were suggested by researchers to be causing—and exacerbating the
effects of—the incident (Pauchant et al., 1990). The first factor was the absence of per-
sonnel at the switching center. Because of member unavailability, the organization lost the
decision-maker needed at the scene to handle the situation. The second factor was the lack
of information about the physical situations of the switching center. Without necessary in-
formation, the organization was not able to make correct decisions. The third factor was the
tight coupling of the resource access structure that defines who should process which infor-
mation. The segregated resource access structure made it impossible for the organization to
handle emergencies effectively when key members were not available. The fourth factor was
the high level of centralization but insufficient redundancy in the organizational structure.
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The organization was too lean and not mean enough in assigning decision making powers to
lower level members. The fifth factor was the reactive rather than proactive organization cul-
ture. Because personnel involved in the incident were passive, their responses to the incident
were slower, thus aggravating the incident. The sixth factor was the complex task environ-
ment. The task environment was complex but the organizational design was not comparable,
thus reducing the organization’s capability to make good decisions (Pauchant et al., 1990).

From the analysis of the case, it shows again that the organization is like an open system
with many entangled factors that may have contributed to the accident. While the case
analysis has pointed out the numerous problems, questions to how such factors interact and
how the organization may benefit from a more effective design in such critical situations
have remained unanswered.

3. Research Background

The above two crisis cases have repeatedly shown that organizations can face complex and
critical situations, which, if not handled properly, can resultin grave danger to organizations’
survival. It is the management’s responsibility to ensure that when organizations face such
critical situations—internal and external conditions that may result in severe performance
consequences to organizations—disasters do not happen or the impact of such situations be
minimized (Perrow, 1984). While numerous factors have been suggested as causes of the two
crises we have just described, suggestions based on such cases analyses often not only lack
theoretical foundation or quantitative backing, but are also inconsistent or even contradictory
with one another, which unfortunately are not uncommon in crisis management (e.g., Lewis,
1988; Presidential Commission, 1986; Vaughan, 1996). The lack of a systematic and theory-
driven approach toward crisis management research has also raised concerns among scholars
in the field (Pearson and Mitroff, 1993).

Looking back at the literature of organization science, we can also find controversies
and inconsistencies regarding how organizations should be designed to deal with critical
situations effectively. For example, some have suggested that organizations can buffer the
impact of critical situations and make fewer mistakes through loose coupling (Mintzberg,
1979; Thompson, 1967), or structural redundancy (La Porte and Consolini, 1991; Roberts,
1990). Hermann (1963), Staw et al. (1981), and Mackenzie (1978), on the other hand,
have pointed to the value of highly centralized but not necessarily redundant structures
in managing critical situations. Another suggestion has been that the impact of critical
situations can be reduced simply by giving personnel the right training (Perrow, 1984).
However, the work by Price and his associates (Price, 1977; Price and Mueller, 1981) has
suggested that training can reduce flexibility, which could impair the organization’s ability
to respond during critical situations. The list can go on and on.

We argue that such contradictions and inconsistencies can be resolved or at least alleviated
if we can examine both external and internal factors from an open system’s perspective,
because we believe there should be a systematicity to the underlying relationships among
these factors and their ability to relate to performance. We take the position from the
contingency theory that organizational performance is affected by organizational design,
task environment, operating condition, and critical situation (Baligh et al., 1990; Scott,
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1987) and that only a systematic examination of all those factors will provide precise and
consistent analyses for organizational performance under critical situations. Even though it
appears that we are examining a diversity of factors in the project, such factors are indeed
highly interrelated and should be studied within an integrative framework.

We also believe that the lack of a sophisticated method may be another contributing
reason for crisis management research to be in the current fragmented state. A highly
quantitative computer model coupled with the more traditional case analysis method in
crisis management may provide a feasible and necessary alternative. While case analysis
is able to provide in-depth knowledge to an already happened incident, it is nevertheless
plagued by the observer’s limited view or even bias, whether conscious or unconscious (Yin,
1994). With this, conclusions from case analyses are often contradictory to one another
due to their sensitivity to each individual researcher’s personal preferences. In addition,
studies relying on case analyses have also encountered the problem of being submerged
too deeply into the description of details to search for the overall pattern of the underlying
relationships. As a result, crisis management research has for the most part remained at
providing rhetorical or anecdotal evidence while failing to move on to a more quantitative,
coherent, and applicable stage.

Computer modeling, on the other hand, is strong on abstracting empirical information and
generating theoretical results. As an extension of human cognition, it can help researchers
reason through different perspectives and yield more systematic insight with its ability to
“control all the variables under consideration, manipulate them to uncover their effects
on dependent variables over time, examine all possible combinations and interactions of
variables, and examine the dynamic effects of the variables” (Lant, 1994: 196). Computer
modeling, therefore, can serve as a special type of virtual laboratory experiment that allows
the systematic exploration of complex systems in dynamic settings (Burton and Obel,
1984). Computer modeling techniques have been successfully implemented in a number of
organizational studies (e.g., Cohen et al., 1972; Harrison and Carroll, 1991; O’Leary, 1997;
Pete et al., 1995). Some scholars have even achieved great success with the implementation
of a theory-driven expert system in analyzing and designing organizations (Baligh et al.,
1990, 1996). With the application of computer modeling technique in crisis case analysis, or
what we may term as the “computational cases analysis” approach, researchers may be able
to generate better empirical and theoretical insights for mitigating crises in a systematic,
precise, and coherent way.

Indeed, a number of researchers have noticed the limitation of solely relying on conven-
tional case analysis and have started to apply various computational modeling techniques to
the field of crisis management. For example, some have used mathematical modeling for ad-
vising governmental actions in political and military crisis situations (Havron and Blanton,
1977; Kupperman and Goldberg, 1987; Rosenthal and Pijnenburg, 1991; Taylor, 1989).
Others have designed training tools for managerial crisis prevention (Rolfe et al., 1998;
Walker, 1995). Still others have relied on operations research for devising logistics systems
for tackling food crises (Arabmazar, 1983). These studies, however, have largely based
themselves on operations research and game theory approaches, instead of organizational
theories, which, we believe, can provide a much more relevant and stronger foundation to
the field of crisis management.
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4. Model Description

In this study, we have followed the tradition of organization theory-driven computer mod-
eling, in particular agent-based learning models (Carley and Lin, 1997; Glance et al., 1997;
Lounamaa and March, 1987). The computer model in this paper is extracted from the gen-
eral computational framework DY CORP (DYnamic Computational ORganizational Perfor-
mance framework) developed by Lin and Carley (1995). The DYCORP framework builds
on concepts of the contingency theory and examines the dynamic decision making behavior
of organizations under various situations. The framework can provide consistent and ex-
plicit explanations for a wide variety of issues regarding organizational performance. The
organizations modeled in the framework consist of cognitively restricted and task oriented
members. In the model, the organizational decisions are affected by a combination of fac-
tors such as the task environment faced by the organization, the trained decision procedure
used by each individual member, the communication and command structures in the orga-
nization, the resources and information accessed by the members in the organization, the
decision style adopted by the members, and the operating conditions under which these
members operate.

The design of this computer model has followed the call by Burton and Obel for a balance
of relevancy, realism, and simplicity in computational models (Burton and Obel, 1995). The
computer model has been tested repeatedly with human organizations and has been proven
to be both empirically valid and methodologically reliable (Carley, 1996; Carley et al.,
1998). While simple in design, the model provides a close resemblance to key real world
organizational features in terms of complexity, centralization and formalization (Lin and
Hui, 1999). It can sufficiently address the research question in concern and is powerful in
providing insights through balanced virtual experimental designs.

Figure 1 is an illustration of the model showing how organizational performance is a
function of a variety of factors including task environment, organizational design, and oper-
ating conditions. For each factor, a number of aspects have been modeled in the DYCORP
framework. For this paper, we only look at a subset of the aspects for each factor, which we
think are directly related to the two crisis cases. The model is written in UNIX C. Further
technical information can also be found in Lin and Carley (1995) and other sources.

4.1. Modeling Task Problems

In the computer model, a ternary choice classification task is built for which organizations
have to make repeated decisions regarding a series of quasi-repetitive problems composed
of multiple factors in a distributed setting. Specifically, the organization must rely on nine
indicators from the dynamic environment to classify problems into one of three types (e.g.,
friendly, neutral, or hostile). No individual in the organization has access to all information.
Organizational decisions require that each member in the organization work on a subset of
information, reach a recommendation/decision through trained procedures, and pass his or
her judgment to the upper level manager (if any). Though highly stylized, this task can find
resemblance in real world settings that involve distributed decision making. For example,
in a manufacturing planning setting, the task can also be considered as consisting of a
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Figure L An overview of the model.

series of production proposals that require the organization to decide whether to produce,
hold, or reject the production of certain products based on information from nine indicators
such as financial status of the company, human resources, technology, customer preference,
etc. Because of bounded rationality, each member of the organization naturally can only
process a limited number of pieces of information while each one or two single indicators
may not provide a complete picture of the situation. Thus, an organization’s decision requires
coordination among various people who work with different indicators.

Because the organization does not have prior knowledge of the true nature of all the prob-
lems nor their distributions of the task environment, and the organization makes the decision
through coordination of members who have only partial information, thus the organization
can make misjudgments.

4.2. Modeling Individual Members

In this computer model, the building blocks are “agents”, which represent members of the
organization. To model each member, we create different “agents” in the program to allow
them to have botlearning memorieandaction capabilitiesEach member of the organiza-

tion at any given time can take one of the actions including asking for information, reading
information, making decisions (using trained procedures, either operational or experiential,
as will be described in more detail later), passing up decisions, and waiting. Because this
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Table 1 A summary of possible member actions in decision making processes.

Pre-required
Action action Time units Note

Al: Ask for information 1 Bottom-level members do not need to ask for
information as they have no subordinates and have
direct access to information.

A2: Read information Al |
A3: Make a decision A2 R For experiential procedure.
| For operational procedure (or take-the-middle-value
procedure)
3M For team majority voting, which includes

communicating with members, processing
information, and making a team judgment.

A4: Pass up a decision A3 1

A5: Wait 1 Once a member chooses to wait, he or she must wait
through the whole time unit.

Note: | = Number of pieces of informatio = Number of members in a team.

is a dynamic task, so each action takes certain time units. Certain actions cannot be taken
without pre-required actions and one member’s action may depend on the action of another
member. For example, in order to make a decision a manager must have first read the infor-
mation, which depends on whether his or her subordinates have passed up their decisions.
The relationships among these actions and their required time units are also summarized in
Table 1. Micro-level technical details are beyond the scope of this paper and may be found
in Lin and Carley (1995).

The estimate of time units for each action has been based on studies by Carley and
Prietula (1992) and Carley et al. (1998) involving human subjects. In their decision making
experiments, each subject’s keyboard actions were recorded and then the time spent on each
action calculated. Each subject processed 120 problems in about 40 minutes, which is about
20 seconds for each problem. For every problem, a subject read three pieces of information
in about six seconds, made an experiential decision in about 12 seconds, and passed the
decision to his or her superiors in about one to two seconds. For our study, we consider two
seconds as one time unit because if wexlbe the number of seconds in each time unit, we
have X + 6x 4+ x = 20, orx = 2. We use Carley and Prietula’s (1992) estimates because
the nature of our task is very similar to theirs. We hope this will serve as an empirically
based starting point for understanding the organizational behavior under a dynamic setting.

How and when each action is taken also depends on one’s position in the organizational
structure (for example, a bottom-level member may not need to ask for information), the
decision making procedure one uses (for example, a manager may have to wait more often
if his/her subordinates use the experiential procedure), the decision style the member has
(for example, a reactive member may not take any action if there is no request from the
upper-level manager even though information may be available), and the number of time
units left (for example, if the top-level manager has not received any recommendations
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from the lower levels and the time will soon expire in the next unit, he/she will then make
a random decision). This process goes on from the bottom-level analysts to the top-level
manager, who can make an organization decision or request more information from his or
her subordinates if time permits. After the problem is “over”, the top management’s final
decision is recorded as its organization’s decision and feedback is provided to the whole
organization. Each individual member’'s recommendation can be kept in a file and memory
updated if requested. A new problem then occurs.

A very rough illustration of how a base-level member functions is listed below, with the
phrases in the parentheses referring to the main components that these steps are related to,
which will also be described in more detail later:

Step 1. Should I proceed or should | wait for specific instructions (decision style)?

Step 2. Is there any new problem appearing (task environment)?

Step 3. What particular pieces of information should | process (resource access structure)?

Step 4. Is there any missing information or other unusual situation (internal operating
condition)?

Step 5. How should | process information and reach my decision (decision procedure)?

Step 6. Whom should | send my decision recommendation to (organizational structure)?

Step 7. Can | get the decision out before the time expires (time pressure)?

Step 8. Is there any feedback with regard to my decision (learning)?

Step 9. Step 1 again?

4.3. Modeling Organizational Designs

Organizational design has long been considered to have effect on organizational perfor-
mance. Literature in organization science has viewed organizational design from a variety
of perspectives. Including formal structures and task decomposition structures (Burton and
Obel, 1984; Mintzburgh, 1983), procedures for combining information or making decisions
(Panning, 1986; Radner, 1987), and informal mechanisms such as styles for approaching
problems in organizations (Scott, 1987; Sohal and Egglestone, 1994). The interest in or-
ganizational design is largely due to the fact that organizations can to some extent alter
their designs and the belief that a right design will enable organizations to better combat
the hostile environment. In this research, we follow this tradition and view the organization
as an open system (Thompson, 1967), in which (1) the task environment affects organi-
zational design, process, and performance; (2) organizational members interact with the
task environment and/or each other; and (3) the organization can learn. Organizational de-
sign is regarded as a combination of organizational structures, resource access structures,
trained decision procedures, and decision style. They make up the main components of an
organization in the model.

4.3.1. Organizational Structure. In the computer model, organizational structure is de-
fined as the formal flow of command and communication among members in the organiza-
tion. In this paper, we consider four different organizational structures: team with voting,
team with a manager, hierarchy, and matrix.
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(1) Team with voting—This is a totally decentralized structure in which the organizational
decision is the majority vote with each of the nine base-level analysts in the organization
having an equal weight. Each analyst examines information and makes a recommenda-
tion. This recommendation is the analyst's vote.

(2) Teamwithamanager—Thisis aflathierarchy inwhich all nine base-level analysts report
to a single manager. Each analyst examines information and makes a recommendation.
The manager examines these recommendations and makes the organizational decision.

(3) Hierarchy—This is a multi-level communication structure. Each of the nine base-level
analysts examines information and makes a recommendation to his or her immediate
middle-level manager. The middle-level managers in turn make recommendations to
the top-level manager. The top-level manager makes the final organizational decision.
There are three middle-level managers and one top-level manager in each organization.

(4) Matrix—This structure, like the hierarchy, is also a multi-level communication structure,
except that each of the nine base-level analysts reports to two middle-level managers.
The three middle-level managers in turn report to the top-level manager. The top-level
manager makes the ultimate organizational decision. There are also three middle-level
managers and one top-level manager in each organization.

4.3.2. Resource Access StructureThe resource access structure determines the distribu-
tion of raw (unfiltered) information to base-level analysts in the organization. Each analyst
can garner information on a particular (or a particular set of) characteristics of the task
problem. In this study, how each analyst can receive information depends on two specific
resource access structures: segregated or non-segregated.

(1) Segregated—In this structure, each base-level analyst has access to one task component.
There is no sharing of any component between analysts.

(2) Non-segregated—In this structure each base-level analyst has access to two or more
task components. Each task component is accessed by more than one analyst.

4.3.3. Trained Decision ProceduresDecision making procedure is defined as the way

in which organizational members are taught and trained to process information in solv-
ing problems. In this paper, we consider two such procedures: operational procedure and
experiential procedure.

(1) Operational procedure—When organizational members use this decision making pro-
cedure, they have stored standard operating instructions on which they base their judg-
ment. This procedure forces members to weigh each piece of information equally and
make an unbiased judgment. For example, if a base-level analyst uses the operational
procedure to process three characteristics of a problem represented as “1” (friendly),
“2" (neutral), and “3” (hostile), he/she will evaluate each piece of information with the
same weight and then come up with a middle decision “2” (neutral) as his/her judgment
of the current problem, regardless of what organization members may decide or what
previous experience may be.
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(2) Experiential procedure—When organizational members use this decision making pro-

cedure, they will accumulate historical information of past problems through learning
from feedback. In their memories, they keep building up links that connect each possible
incoming pattern of information to the frequency with which that pattern is associated
with a particular outcome. Based on that information, personal judgment is made. The
weight of each piece of incoming information will then depend on how it contributed
to what outcome that occurred most in the past. For example, if a base-level analyst
uses the experiential procedure to process three characteristics of a problem represented
as “1” (friendly), “2” (neutral), and “3” (hostile), he/she will use the three pieces of
information as an index and search through his/her memory to find the correct decisions
made for a similar pattern of information in the past. If in most of the time in the past,
the three pieces of information resulted in that the problem as a whole was hostile,
he/she will then report a “3" (hostile) as his/her judgment for the current problem. After
the problem is over, the member can then learn from the feedback regarding the true
nature of the problem and use this feedback to update his/her memory.

4.3.4. Decision Styles.Decision style is defined as the attitude adopted by members in the
organization for engaging decision making processes. Organizations with different informal
mechanismstend to have different decision styles (Scott, 1987; Sohal and Egglestone, 1994).
In this paper, we focus on two distinctive decision styles—proactive or reactive.

(1) Proactive—Members tend to actively participate in decision making processes when-

(@)

ever possible, even when there is no request from the upper management for doing so.
Within a proactive organization, each member asks for information, reads information
if there is information, makes a decision based on the information, then passes up the
decision. This process repeats until atime limit expires. Each member’s process (except
the top-level manager’s) can be interrupted when he or she receives a request from a
superior for a decision. The member will respond to the request by passing up a deci-
sion based on whether there is a previously made decision (when the member has not
previously made a decision the member continues with the current action). There are
minor differences among the top-level manager, middle-level managers, and analysts.
The top-level manager cannot be interrupted (since there is no superior), and an analyst
can not ask for information (since there is no subordinate), while a middle-level man-
ager can be interrupted as well as ask for information. Further, the top-level manager
has the power to decide which decision will be used as the final organizational decision.
Reactive—Members tend notto engage in decision making processes unless being asked
by the upper management or when the time is to expire. Within a reactive organization,
each member continues reading information (if there is any) until a time limit expires or
the member is told by the top-level manager to stop. Allmembers other than the top-level
manager can be interrupted by a request for a decision from an upper manager. Upon
receiving a request, a member will stop reading information (if not finished yet), make

a decision, and pass up the decision. Unlike a proactive member, a reactive member
will not make a decision and pass on the decision unless being requested to do so by
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his or her manager. Again, there are differences in styles among the top-level manager,
middle-level managers, and analysts, as described in the last paragraph.

4.4. Modeling Task Environments

Organizations are open systems and so the nature of the task environment affects organiza-
tions (Aldrich, 1979). Organizations frequently have to tackle the hostility of the environ-
ment and survive under critical external conditions. In many current organizational theories,
task is treated exogenously as the problem to be solved (Mackenzie, 1978) or “the sources
of inputs” (Dill, 1958). In this research, task environment is viewed as a collection of choice
selection problems faced by the organization. The two aspects of task environment that we
will focus on in this research are: how task components are interrelated (decomposability)
and how outcomes of tasks are distributed (concentration). These factors are related to
task complexity. Table 2 has listed the detailed modeling of the task environments based
on the manipulation of the two dimensions. Again, how the problems are composed and
distributed are unknown to the organizational members, who have to learn through trial and
errors.

Table 2 Modeling task environments.

Environment characteristics Manipulations and outcomes in the model

Concentrated decomposable

Formula 2 =T14+T24+T3+T44+T54+T6+T74+T84+T9

Possible outcomes 1 (Friendly), 2 (Neutral), 3 (Hostile)

Cut-off values 1if¥ <13;2if13< £ <17;3if¥ > 17

Distribution of problems Friendly: 625; Neutral: 7647; Hostile: 11411

Dispersed decomposable

Formula 2=T14+T24+T3+T44+T54+T6+T7+T8+T9

Possible outcomes 1 (Friendly), 2 (Neutral), 3 (Hostile)

Cut-off values 1if <16;2if16< £ <19;3ifX > 19

Distribution of problems Friendly: 6751; Neutral: 6181; Hostile: 6751

Concentrated non-decomposable

Formula T=TIxT2xT3x24+T4xT5x24+T6x T/ xTI9x2+T8+T9
Possible outcomes 1 (Friendly), 2 (Neutral), 3 (Hostile)

Cut-off values 1if£ <20;2if20< £ <23;3ifX > 23

Distribution of problems Friendly: 1131; Neutral: 3321; Hostile: 14631

Dispersed non-decomposable

Formula T=TIxT2xT3x24+T4xT5x24+T6xT7/xTI9x2+T8+T9
Possible outcomes 1 (Friendly), 2 (Neutral), 3 (Hostile)

Cut-off values 1iff <33;2if33< X <49;3if X > 49

Distribution of problems Friendly: 6488; Neutral: 6648; Hostile: 6547
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DecomposabilityDecomposability measures the interrelationship among task components.
Problems of coordination may potentially occur if organizational design does not take
the task environment decomposability into consideration.

(1) Decomposable—The components of the task problems are not related to each other
and the task problem can be solved with the independent processing of the task
components.

(2) Non-decomposable—The components of the task problems are related to each other
and the task problem can not be solved with the independent processing of the task
components.

Concentration Concentration measures the distribution of the true nature of all possible
problems. Organizations in a concentrated task environment generally face one aspect
of the general problem and therefore are in a more narrowly defined niche. In contrast,
organizations in a dispersed task environment face all aspects of the general problem and
are in a more generalized niche.

(1) Concentrated—Problems of a hostile nature are most likely to occur in the task
environment.

(2) Dispersed—Problems of all possible natures (friendly, neutral, and hostile) are
equally likely to occur in the task environment.

4.5. Modeling Time Pressure

Because organizations operate in a dynamic environment and organizational actions take
time, so itis necessary to model time resources. Time constraint is important to consider also
because it will create or magnify critical events (Orasanu and Salas, 1992). In this model,
time pressure can be classified as low, moderate, or high depending on how much time
organizations need to make decisions in relation to how much time is actually available.
Specifically in the model, the number of time units allowed for organizations to make
decisions under the low time pressure ranges from 41 to 60. In contrast, the number of
time units allowed under the high time pressure ranges from 1 to 20. Under a medium time
pressure, the number of time units allowed for organizations to make decisions ranges from
21 to 40.

4.6. Modeling Operating Conditions

Organizations do not always operate as designed, thus causing operational malfunctioning.
It is important to consider such subnormal operating conditions because they can cause
ambiguities and uncertainties that may subsequently degrade organizational performance
(Carley and Lin, 1997; March and Olsen, 1976). In this study, operating condition is defined
as the state of the organization with respect to information uncertainty such as missing in-
formation and incorrect information or member malfunction such as member unavailability,
communication breakdown, and member turnover.



ORGANIZATIONAL PERFORMANCE UNDER CRITICAL SITUATIONS 291

Within DYCORP the user can vary the degree of severity for such subnormal conditions.
Three levels of severity can be examined—Ilow (1 subnormal condition occurs), medium
(2 subnormal conditions occur), and high (3 subnormal conditions occur). In reality, multiple
types of subnormal conditions may co-occur, but within DYCORP only a single type of
subnormal condition can be examined at a time. In this study, we used the average value
of organizational performance under different types of subnormal condition to predict the
performance of real organizations when facing multiple subnormal conditions.

For each organization, the locations of subnormal conditions are chosen randomly before
each decision cycle.

(1) Missinginformation—It occurs when either one or more pieces ofincominginformation
essential for solving a particular problem is not available.

(2) Incorrect information—It occurs when either one or more pieces of incoming informa-
tion essential for solving a particular problem is erroneous.

(3) Communication breakdown—It occurs when one or more base-level analysts is unable
to report to a superior because the communication channel is unavailable between them.

(4) Member unavailability—It occurs when one or more base-level analysts is not available
and so does not report his or her decision to his or her manager.

(5) Member turnover—It occurs when one or more base-level analysts leaves the organi-
zation and is replaced by one or more new analyst.

4.7. Modeling Critical Situations

Organizations sometimes face critical events that would have severe consequences if not
handled properly. Critical events can be imposed onto organizations by both external and
internal environments of the organization. They have frequently been shown to pose serious
threats to organizations’ survival (Carley and Lin, 1995; Perrow, 1984; Staw etal., 1981). The
computer model defines a critical situation as occurring when the external task environment
is of a hostile nature and the internal operating conditions are subnormal (i.e., information
uncertainty or member malfunctioning). A critical situation, by this definition, is also a
particular problem within the domain of problems faced by the organization, which if not
handled properly may cause severe consequences. A critical situation can sometimes be
called a crisis. A crisis is different from a disaster in that a crisis may not result in a huge
loss if handled properly, while a disaster refers to a situation in which the damage has
already been done.

4.8. Modeling Organizational Performance

Performance has been discussed in almost every piece of research on organizations. How-
ever, there is little consensus regarding the definition of, or criteria for, organizational
performance. Organizational choice and decision making accuracy are vital to almost all
activities in organizations (Scott, 1987). In this research, we regard organizational perfor-
mance as organizational decision making accuracy. In the computer model, organizational
performance is operationalized as the percentage of the organizations’ choices that match
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the true state of the task environment, i.e., the accuracy of decision choice. Being accurate
also means that the organization correctly classifies outcomes and thus is able to reduce the
severity of what actually happens relative to the severity of what potentially could happen.

4.9. \Virtual Simulation Experiments

Based on the above descriptions, the computer model in this study consists of a variety of
different modules: organizational designs (4 predefined organizational structures, 2 prede-
fined resource access structures, 2 predefined trained decision making procedures, and 2
predefined decision styles), task environments (4 predefined task environments with dif-
ferent combinations of decomposability and concentration, 3 levels of time pressure, and
3 types of problems in terms of friendly, neutral, or hostile), and operating conditions
(6 predefined types including the normal condition and five subnormal condition).

With this computer model, the researcher can examine the performance of differently
designed organizations under various conditions by specifying variables corresponding
to those predefined modules. For example, to examine the performance of a hierarchy
organizational structure, the researcher can set the variable for organizational structure to 3.
Once all variables are entered into the computer through the screen, the computer model will
generate a series of random problems from the specific task environment and go through the
process of decision making as specified by the organizational design, task environment, and
operating condition, each of which is described in the earlier part of the section. Performance
is then calculated for that particular organization under that particular setting.

For each of the two crisis cases studied in this paper, the current organizational design,
internal operating conditions, and the environmental setting are first setin the model through
a coding process which will be explained in more detail later. With the variables specified
and entered into the computer model, 1,000 randomly drawn problems from the particular
environmental setting are presented to the organization. Performance is recorded as the per
centage of correct decisions made for problems whose nature was critical (hostile external
conditions and subnormal internal conditions). After the virtual computer simulation exper-
iment with the current configuration, trials are then made for variations of organizational
designs, internal operating conditions, and levels of time pressure to see if performance can
be subsequently improved. The numerical results of different performance are then trans-
lated into levels of performance. Specifically, a low level of performance is represented
by a percentage of less than 43%, a medium level of performance is represented by a per-
centage of greater than or equal to 43% but less than or equal to 70%, and a high level of
performance is represented by a percentage of greater than 70%. These threshold values
are obtained based on an earlier study in which 69 real world organizational cases were
analyzed (Lin, 1994). Of the 69 real organizational cases, there are 15 organizations rated as
low performers during critical situations, 29 organizations rated as medium performers, and
25 organizations rated as high performers. We then ordered the corresponding performance
measures predicted by the formal computer model from the lowest to the highest, and cat-
egorized the smallest 15 into low (ranging from 33% to 43%), the middle 29 into medium
(ranging from 43% to 70%), and the largest 25 into high (ranging from 70% to 100.00%)
performance levels.
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Figure 2 An illustration of the process of computational case analysis.

With these virtual experiments, both current organizational performance and future or-
ganizational performance under new designs can be predicted. Figure 2 has also outlined
an illustrative process of the above virtual experimental design.

5. Results and Analyses

In this paper, we look at how the computer model can predict performance in these two
crisis cases and provide theoretical and systematic guidance for future crisis mitigation
and organizational redesign. Though this analysis is exploratory, it does provide good
opportunities to see whether the configurations of the model can reflect those in real world
organizations, and to search potential avenues for further theoretical and methodological
development in crisis management.

How theoretical insights can be derived depends on the effective linkage between the
cases and the computer model. In this study, such a linkage is provided through a code
book, which abstracts the key elements of the crisis cases into operational components of
the computer model. The code book is listed in Appendix A. In the code book, the coding
of variables regarding organizational design, task environment, and operating condition are
described. The code book also contains rules for coding variables under usual conditions,
though in this paper we focus on variables under critical situations.

In the coding of the two crisis cases, we took a qualitative approach to measuring or-
ganizational performance under critical situations. This is because we do not have enough
information on the “true state” of the task environment in the two cases. We measured
performance based @cttual severity of inciderandpotential severity of incidenActual
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severity of incidenis the impact of the incident relative to the average severity of crises in
that industry. An incident is considered more severe (1) if an incident of similar magnitude
(loss of life, cost of response, loss to environment) is unlikely to occur in that industry or
(2) if the magnitude of this incident is greater than the impact of other crises in the industry.
Potential severity of incident the possibility of avoiding the escalation of the incident

to its largest possible magnitude after the first sign of impending incident is detected. We
categorized cases according to the nature of the incident classified by Perrow (1984: 344).
Based on the two criteria, organizational performance in critical situations takes into ac-
count both actual and potential severity of the incident. An organization is said to have a
low organizational performance when the severity of the incident is high and the potential
of the incident is low or medium. In such a case, the organization did not handle the incident
as well as it could have or even made the situation worse. In contrast, an organization is
said to have high performance when the severity of the incident is low and the potential of
the incident is medium or high. All other cases are defined to have a moderate or medium
performance.

In order to increase the reliability of the analyses, the two cases were also coded by
another student. The percentage of inter-coder agreement for the two cases was around
95%. In others words, of all the items, 95 percent of them were coded the same by both
coders.

5.1. The Vincennes Incident

In the Vincennes incident, all available information shows that the Vincennes warship crew
was in a typical military hierarchical structure, with the captain at the top, supervisors in the
middle, and radar operators at the bottom. The radar operators were in a segregated resource
access structure, with each one monitoring one piece of radar equipment that detected one
characteristic of an aircraft. The Vincennes, like most other military organizations, was
strictly trained according to rule books, and members used operational decision making
procedures. Members of the Vincennes were very fast and active in response to problems,
and reported whatever they found; thus they were considered proactive. Because of the
intense local conflict, the Vincennes was constantly under external threat, and was thus in
a concentrated environment. The factors determining the nature of environment, in terms
of different pieces of information that the Vincennes used to make decisions regarding the
nature of the threat, were decomposable. During the incident, the Vincennes was again facing
an external threat, which would have resulted in severe consequences to the safety of the
warship, if not correctly handled. One serious internal subnormal operating condition also
occurred during the external threat, as one radar operator misinterpreted key information
regarding the nature of the Iranian air-flight. Further, the Vincennes was under extremely
high time pressure, and had to make a decision quickly if it was to avert an air-strike if the
aircraft was indeed hostile. Given the causes and severity of the disaster, the organization
suffered a low level of performance as the case analysis would indicate.

A further analysis of all the factors in the computer model would predict that with
the current configuration of the organization and environmental setting, a low level of
organizational performance (41.43%) would indeed be the case in the Vincennes incident.



ORGANIZATIONAL PERFORMANCE UNDER CRITICAL SITUATIONS 295

Table 3 Model predictions and recommendations for the Vincennes incident.

Organizational factors Actual configuration Model suggestion 1 Model suggestion 2
Organizational structure Hierarchy Hierarchy Hierarchy
Resource access structure Segregated Segregated Segregated
Training Operational Operational Operational
Decision style Proactive Proactive Proactive

Internal operating condition Incorrect information Incorrect information Normal

Time pressure High Medium Medium

Performance observed in the case Low ? ?

Performance predicted by the model Low (41.43%) Medium (58.47%) High (71.04%)

Note: A bold-faced factor indicates a change from the original configuration.

This echoed the finding from the case analysis. However, the model suggests that with the
level of time pressure reduced from high to medium, while holding other factors constant,
the organization can have its performance increased to 58.41% or a medium level. This can
be further improved to high performance (71.04%) with the elimination of the incorrect
information under the medium time pressure, while holding other factors constant. The
model also reveals that shifting to a matrix structure does not significantly improve the
performance, contrary to some investigator’'s suggestions from other angles. Instead, two
factors stand out: time pressure and incorrect information. This may be attributed to the fact
that in a real time situation, efficiency of decision making may become more critical.

Given the model’s predictions, we can suggest to the organization involved (i.e., the
Navy) that it could avoid or mitigate the impact of such an incident. First, time pressure
can force organizations to make immature decisions if the decision making procedure is
severely constrained by time resources. The organization should try to reduce the workload
of the operators and enhance their abilities to make faster decisions through adoption of
advanced equipment and effective operational training methods, thus mitigating the im-
pact of time pressure. Second, the model would recommend that the organization spend
much effort eliminating subnormal operating conditions, in this case, incorrect informa-
tion. Advanced technologies may reduce the chance of subnormal operating conditions,
they, however, cannot eliminate human errors. A summary of the model’s prediction and
specific recommendations for this case are listed in Table 3.

5.2. The Hinsdale Incident

In the Hinsdale incident, the organization involved was lllinois Bell Telephone (IBT),

which owns several telecommunication switching centers, including the one at Hinsdale that
controls the telecommunication networks of the Chicago area. Due to economic cutbacks,
the organization had to become lean, and was organized hierarchically, with almost no
redundant communication links between different levels of the organization. Each baseline
operator in the switching centers of the organization was working in a segregated resource
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access structure, also due to cost concerns. The members were trained according to standard
procedures, and thus mainly used operational decision making procedures. The members
in the organizations were not well prepared and were slow in their response to problems;
thus they were reactive. The organization had been operating in a type of concentrated
environment, and there were frequent external threats, in terms of causing communication
outage. In addition, the pieces of information relating to such communication crises, such
as physical conditions, safety regulations, were interrelated, thus the task environment
was non-decomposable. During the incident, the organization was under external threat,
which would result in severe consequences for the organization (as later showed through
the huge losses). The incident was caused by several subnormal operating conditions. No
personnel were available during the operating hours of the switching center, also, when the
first signal was detected, the communication channel between the switching center and the
management in the headquarters was not put through until some later time, after the incident
had developed into a disaster. This incident was under time pressure, but the level of such
time pressure was not extreme, and the organization should have been able to make quick
decisions if it had not wasted much time. Given the causes and severity of the incident,
the organization also underwent a low level of performance, as the case analysis would
indicate.

Based on the available information regarding this incident, the computer model would
predict a relatively low performance by the organization, which was also shown in the
incident (42.01%). This has again confirmed the finding from the case analysis. However, the
model suggests that with the elimination of the member unavailability and communication
breakdown, while holding other factors constant, the organization can have its performance
increased to 44.90% or a medium level. This can be further improved to a slightly higher
performance though still at the medium level (52.72%) if the organization adopts a matrix
communication structure with a non-segregated resource access structure. The model further
reveals that the organization can achieve much higher performance (86.73%) with a radical
shift of training from operational to experiential and problem solving attitude from reactive
to proactive while keeping the normal operating conditions and the old organizational
structure. Finally, the model shows that the above shifts of training and attitude would have
even a stronger effect (98.15%) if they are coupled with the change of the organizational
structure to a matrix form, the resource access structure to a non-segregated form, and the
time pressure to a low level.

With the help of the model’s predictions, we can suggest to the organization involved
(i.e., IBT), that there are ways to reduce the impact of the incident through organizational
redesigning. First, the model would recommend the organization to eliminate subnormal
operating conditions, in this case, member unavailability and communication channel break-
down. Second, the organization should have a more complex form in order to handle the
complex task. Reducing costs is important, but preventing a crisis of this scale is more
vital. A more complex form can also reduce the risk of communication channel breakdown,
especially when the potential impact of an incident is severe. Third, the model would sug-
gest that the organizations have more experiential training and encourage members of the
organization to be more proactive in handling emergency situations. Finally, the organi-
zation should also be more prepared and more active when approaching problems, thus
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Table 4 Model predictions and recommendations for the Hinsdale incident.

Organizational Actual Model Model Model Model
factors configuration suggestion1  suggestion 2 suggestion 3 suggestion 4
Organizational Hierarchy Hierarchy Matrix Hierarchy Matrix
structure
Resource access Segregated Segregatddn-segregated Segregated Non- segregated
structure
Training Operational Operational Operational Experiential Experiential
Decision style Reactive Reactive Reactive Proactive Proactive
Internal operating Member Normal Normal Normal Normal
condition unavailability &
communication
breakdown
Time pressure Medium Medium Medium Medium  Low
Performance observed Low ? ? ? ?
in the case
Performance predicted Low (42.01%) Medium Medium High High (98.15%)
by the model (44.90%) (52.72%) (86.73%)

Note: A bold-faced factor indicates a change from the original configuration.

reducing the impact of time pressure. A summary of the model’s prediction and specific
recommendations for this case are listed in Table 4.

5.3. Summary

The above analyses have demonstrated that with the integration of computer modeling
and case analysis, both empirical and theoretical insights can be provided in a much more
systematic, precise, and coherent way. For the two crisis cases, our study suggests, through
a series of quantitative illustrations, that there are a number of redesigns the organizations
can employ to significantly mitigate the impact of crises. The study has shown that our
approach of applying organization theory-based computer techniques into case analysis
can be a highly successful new approach in providing systematic and explicit guidance for
future crisis management.

6. Discussions

This study has explored the computational case analysis approach through the use of com-
puter modeling in crisis case analyses and generated some interesting insights for crisis
mitigation. With the organization theory-driven formal model tailored for the individual
cases, we have showed that even though critical situations may affect organizations’ perfor-
mance, organizations can employ effective new designs to lessen such impacts and maintain
high performance. While this research is still exploratory in nature, we hope findings from
this study will create new interests for further theoretical and methodological development
in this area.
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This research has once again advocated examining various interrelated factors from an
open system'’s perspective. Our study suggests that it can be misleading to draw conclusions
based on one or two factors. This is especially important to note in conventional case meth-
ods, where the analyses often focus on limited aspects due to the researcher’s constraints.
Our study also demonstrates that computer models, though simplified, can be very effective
in predicting the performance of real world organizations and providing a solid theoretical
foundation for policy recommendations with regard to crisis management.

Some of the findings generated from the computer model regarding how to mitigate
crisis impact have echoed what other researchers of the two cases have suggested: better
communication, enhanced training, loose structure, etc. It is indeed the purpose of the
computer model not to replace but to complement what researches in crisis management
have been working on through case analyses. These consistent findings may also serve
as another validation test of the computational model. The beauty of the computer model
is that it can provide many what-if analyses that are backed by sophisticated quantitative
reasoning, which are not affordable in conventional case analyses. Further, it has gone
beyond traditional case analysis methods and the sole reliance on common senses by building
on organizational theories and modeling key features of organizations, thus generating more
scientific and rigorous conclusions. It has not only enhanced organization theorists’ as well
as practitioners’ ability to make more sensible and precise outcome predictions thus moving
beyond the traditional contingency approach (Schoonhoven, 1981), but also provided a more
proactive method for mitigating the escalation of disasters by informing the organization
of alternative designs and associated risks.

This research has demonstrated that there may be a middle ground for case analysis
and quantitative analyses, even though there have been polarized views, with one group
searching for grand theories of management while discarding findings from individual case
studies (e.g., Donaldson, 1985) and the other group dismissing the existence of any regularity
beyond individual cases (e.g., Numagami, 1998). We believe that while conventional case
analyses thrive on in-depth information, they are often limited by their lack of analytical
ability to provide theoretical insight that goes beyond empirical descriptions. Computer
modeling, on the other hand, is strong on abstracting empirical information and generating
theoretical results. With the application of computer modeling technique in case analysis
and the adoption of the computational case analysis method, both methods’ strengths can
be combined and so rich empirical and theoretical insights can be provided in a systematic,
precise, and coherent way.

This study has also provided an opportunity to test the applicability of computer modeling
for real world organizations. Real world organizations are the source of the theoretical
model, and in turn, the formal model has been found to account for much of the behavior
and performance of the organization as shown through the analyses. The computer model
encompasses theories for crisis management. From the formal model, we can get much help
regarding how to alleviate crisis impact and improve organizational performance. Though
this is an early step, the analyses suggest that the linkage between theory and reality is not
just an ideal objective, but is actually possible.

In this study, one issue that is not examined but may have significant influence on the
choice of organizational design, is cost. For example, in the Hinsdale incident, the concern
of cost has largely decided the outcome of the highly centralized and lean structure of the
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organization. Thus, there is always a tradeoff between the potential risk the organization
faces and the cost the organization is willing to incur. We believe this warrants future
considerations, even though other studies have specifically discussed this issue in a different
setting (Lin and Carley, 1997).

While this paper applies computer technique to case analysis, we should view the results
with some proper caution. Computer simulation, like any other research method, has its
own limitations. As a special form of laboratory study, it has to confront the question of
generalizability from a specifically defined setting. For example, the classifications used in
the model may be oversimplified to catch some aspects of the organizations in the two cases.
Also, in this study we only used two decision procedures, operationally trained procedure
and experientially trained procedure, to categorize the organizations’ training for decision
making method, while in fact some organizations may have a certain combination of both of
these procedures. In our future research, we may be able to build a model that can allow us
to capture more features of organizations. In the decision making procedure case, that may
mean a wider variety of more individualized and dynamic decision procedures at different
levels of the organization and under different time frames.

Regardless of how sophisticated the coding scheme is and how reliable we believe the
coding can be, the study is constrained by the fact that the information describing the
two crisis cases is mainly second-hand and can contain bias by the researchers who have
collected the data. Thus, the testability of the case information for the model may be limited.
Some other limitations also exist as the study has a strong flavor of structural equivalence,
thus ignoring many individual variations. Despite those limitations, however, we believe
this paper provides us with an opportunity to explore the power of computer techniques in
advancing theoretical understanding in an exciting and important field.

Appendix A: Coding Scheme for Cases

1 INDUSTRY
Thisitemrefersto the industry to which the organization that triggered the incident belonged.
The industries are labeled as follows:

(1) Chemical—Chemical industry

(2) Navigation—Navigation industry

(3) Aviation—Aviation industry

(4) Railroad—Railroad industry

(5) Oil—Oil industry

(6) Nuclear—Nuclear industry

(7) Mining—Muining industry

(8) Space—Space industry

(9) Entertainment—Entertainment industry
(10) Construction—Construction industry
(11) Agriculture—Agriculture industry
(12) Religion—Religion industry
(13) Communication—Communication industry
(14) Military—Military industry
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2 YEAR
This item refersto the yearin which the incident occurred. Itis on a categorical scale ranging
from 1900 to 1992.

3 SOURCE

This item refers to the source(s) used in this research as data, which includes published
books, journal articles, magazine articles, newspapers, and television news. It is on a cate-
gorical scale with one or more integers. The numbers correspond to the order of citations
in the references.

4-7 USUAL ORGANIZATIONAL DESIGN
These items refer to the usual organizational structure, resource access structure, trained
procedure, and decision style in the organization prior to the incident.

4 USUAL ORGANIZATIONAL STRUCTURE

This item refers to how communication usually flowed in the organization prior to the
incident. It is in the following categories: team with voting (TE), team with a manager
(TM), hierarchy (HR), matrix (MX), and other (OT).

(1) TE—Team with voting. Communication links are predominantly lateral. There is no
commander or supervisor. Final decisions are collective.

(2) TM—Team with a manager. Communication links are predominantly lateral. There is
a commander or supervisor. The commander or supervisor is responsible for making
final decisions.

(3) HR—Hierarchy. Communication is predominantly vertical, going between organiza-
tional levels. There is no overlap in the chains of command in the structure. The top-level
is the key decision making body and has the most power.

(4) MX—Matrix. Communication is predominantly vertical, going between organizational
levels. There is overlap in the chains of command in the structure. The top-level is the
key decision making body and has the most power.

(5) OT—Other. Any structure that does not fit into any of the four other categories.

5 USUAL RESOURCE ACCESS STRUCTURE
This item refers to the task access structure of the organization prior to the incident. Itis in
the following categories: segregated (SR), non-segregated (NS), and other (OT).

(1) SR—Segregated. Inthis structure, each member directly responsible for daily operation
processes a basic component of the task. There is virtually no overlap or sharing of the
components among them.

(2) NS—Non-segregated. In this structure, each analyst has access to two or more task
components. Each task component is accessed by more than one analyst. There is some
overlap of the components among them.

(3) OT—Other. This covers any other resource access structure that is not listed above.
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6 USUAL TRAINING SCENARIO

This item refers to the type of operation procedure used by members involved with the part
of the organization that caused the incident. It is how personnel are taught or learn to solve
problems. It is in the following categories: no training (NO), operationally trained (OP),
and experientially trained (EP).

(1) NO—Untrained. Inthis training scenario, the members of the organization immediately
responsible for the daily operation simply have no or little training by the organization
for the type of operations involved. Hence, they virtually guess.

(2) OP—Operationally trained. In this training scenario, the members of the organization
immediately responsible for the daily operation have been taught to follow strict routine
procedures.

(3) EP—Experientially trained. In this training scenario, the members of the organization
immediately responsible for the daily operation mainly follow their previous learned
experience of similar problems.

7 USUAL DECISION STYLE
This item refers to the way members in the organization engage in decision making. Itis in
the following categories: proactive (PR) and reactive (RE).

(1) PR—Proactive. In this decision style, the members involved in the organization tend
to engage in decision making processes whenever possible.

(2) RE—Reactive. In this decision style, the members involved in the organization tend not
to engage in decision making processes until being asked or until absolutely necessary.

8 FREQUENCY OF SIMILAR INTERNAL OPERATING CONDITIONS

This item refers to previous occurrences of similar (subnormal) internal operating conditions
that could have caused similar incidents within the organization since the beginning of the
industry or the beginning of the 20th century. It is on a Likert scale: low (LO), medium
(ME), and high (HI).

(1) LO—Low frequency. Such frequency is less than or equal to once.
(2) ME—Medium frequency. Such frequency is more than twice.
(3) HI—High frequency. Such frequency is more than five times.

9 FREQUENCY OF SIMILAR INCIDENTS CAUSED BY THE

ORGANIZATION PRIOR TO THIS INCIDENT
This item refers to previous occurrences of similar incidents within the organization since
the beginning of the industry or the beginning of the 20th century. It is on a Likert scale:
low (LO), medium (ME), and high (HI).

HI, ME, LO are defined as above.

10 USUAL PERFORMANCE OF ORGANIZATION
This item refers to the historical performance of the organization prior to the incident. It
measures the organization’s decision making performance across all types of internal and
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external conditions. It can be determined by considering the frequency of subnormal internal
operating conditions that have occurred before and that could have resulted in an incident,
the frequency of similar incidents, and the reputation of the organization in local society. It
is on a Likert scale: low (LO), medium (ME) and high (HI).

(1) LO—Low usual performance. This is determined if the organization had a combination
of poor reputation, low productivity, and more than a few prior accidents.

(2) ME—Medium usual performance. This is determined if the organization had a combi-
nation of average reputation, productivity, and few prior accidents.

(3) HI—High usual performance. This is determined if the organization had a combination
of good reputation, productivity, and almost no previous accidents.

11/12 TASK CHARACTERISTICS
These items refer to the characteristics of the task encountered by the organization. Task
here refers to the usual daily work performed by the organization. Task characteristics can
be measured decomposability and concentration of the task.

They are on a categorical scale with decomposable (DE) and non-decomposable (ND)
for Item 11, and Dispersed (DP) and Concentrated (CN) for Item 12.

11 DECOMPOSABILITY
This item refers to whether the components of the task are independent. That is, whether a
work can be processed on one sub-task regardless of what is happening on another sub-task.

(1) DE—Decomposable. In this task environment, the components of the task can be
processed independently.

(2) ND—Non-decomposable. In this task environment, the components of the task are
dependent on each other to be processed.

12 CONCENTRATION

This item refers to whether different potential outcomes of the task are equally likely to
occur in the organizational environment. If the potential outcomes are equally likely to
occur, then the task is dispersed (DP). If certain potential outcome is more likely to occur
than others, then the task is concentrated (CN).

(1) CN—Concentrated. In this task environment, certain potential outcome, in particular,
of a critical nature, of the task is more likely to occur in the organizational environment.

(2) DP—Dispersed. In this task environment, all potential outcomes of the task are equally
likely to occur in the organizational environment.

13-16 ORGANIZATIONAL DESIGN UNDER CRITICAL SITUATION
These items refer to the organizational design during the incident. The organizational design
includes organizational structure, resource access structure, and training scenarios.

13 ORGANIZATIONAL STRUCTURE UNDER CRITICAL SITUATION
This item refers to how communications flow in the organization during the incident. It is
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in the following categories: team with voting (TE), team with a manager (TM), hierarchy
(HR), matrix (MX), and other (OT), each is defined as in Item 4.

14 RESOURCE ACCESS STRUCTURE UNDER CRITICAL SITUATION

This item refers to the task access structure of the organization during the incident, as de-
fined as in Item 5. It is in the following categories: segregated (SR), non-segregated (NS),
and other (OT).

15 TRAINING SCENARIO UNDER CRITICAL SITUATION

This item refers to the type of trained procedure employed by individual(s) involved in
the incident, as defined as in Item 6. It is in the following categories: no training (NO),
operationally trained (OP), and experientially trained (EP).

16 DECISION STYLE UNDER CRITICAL SITUATION

This item refers to the way members in the organization engage in decision making pro-
cesses, as defined as in Item 7. Itis in the following categories: proactive (PR) and reactive
(RE).

(1) PR—Proactive. In this decision style, the members involved in the organization tend
to engage in decision making process whenever possible.

(2) RE—Reactive. In this decision style, the members involved in the organization tend not
to engage in decision making process unless being asked or unless absolutely necessary.

17-22 INTERNAL OPERATING CONDITION THAT TRIGGERED THE INCIDENT
These items refer to the factor(s) within the organization that triggered the incident; they
can be classified broadly as either human errors or technical failures. Multiple factors can
be allowed. Items 17, 18 and 19 are about information uncertainty. Items 20 and 21 are
about member malfunction. They are all on a categorical scale: yes (YE) and no (NO).

17 MISSING INFORMATION
This item refers to any information that is not available or complete when needed to make
decisions regarding organizational operations.

18 INCORRECT INFORMATION
This item refers to any information that is incorrect when needed to make decisions that
were related to the organizational operations.

19 COMMUNICATION CHANNEL BREAKDOWN

This item refers to a situation in which one or more communication channels within the or-
ganization is impaired when needed to make decisions that are related to the organizational
operations.

20 MEMBER UNAVAILABILITY
This item refers to a situation in which one or more members of the organization are not at
post when needed to make decisions that are related to the organizational operations.
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21 MEMBER TURNOVER

This item refers to a situation in which one or more fully trained members of the organi-
zation are replaced by new personnel, when needed to make decisions that were related to
the organizational operations.

22 OTHER
This item refers to any other factor that may have caused the incident that is not listed above.

23 DURATION OF INCIDENT DEVELOPMENT
This is the period from the beginning of the incident to the end of the incident. The begin-
ning of the incident is the point when the first signal of the incident was detected by the
organization or later discovered by researchers. The end of the incident refers to the point
when the incident was under control and ceased to further develop. It is on a Likert scale:
short (ST), medium (ME), and long (LN).

The categories are:

(1) ST—Short. The duration of the incident was less than one day.

(2) ME—Medium. The duration of the incident lasted for more than one day but less than
seven days.

(3) LN—Long. The duration of the incident was more than 7 days.

24-27 INCIDENT IMPACT

These items refer to the impact of the incident, which can be measured in terms of (1) direct
monetary cost, and (2) the magnitude and length of the impact of the incident on local
economy, environment, and human life. They are on a Likert scale: low£.0Q)medium

(ME) = 2, and huge (HG)}= 3 (for magnitude); short (ST3- 1, and long (LN)= 2 (for
length).

The overall impact of the incident is measured according to the sum of impacts on dif-
ferent aspects as measured through Iltems 24 to 27. It is on a Likert scale with Low (LO),
medium (ME), and high (HG). If the sum of different impacts is in the range 15-18, then
the overall impact of the incident is huge (HG). If the sum of different impacts is in the
range 11-14, then the overall impact is medium (ME). If the sum of different impacts is in
the range 7-10, then the overall impact is low (LO).

24 DIRECT MONETARY COST
This is the direct monetary cost of the incident to the organization. This can be estimated
from the nature of the incident and the documents describing the incident.

(1) LO—Low Cost. The direct monetary cost of the incident is less than 1 million dollars.

(2) ME—Medium Cost. The direct monetary cost is greater than 1 million dollars but less
than 25 million dollars.

(3) HG—Huge Cost. The direct monetary cost of the incident is greater than 25 million
dollars.
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25 TO LOCAL ECONOMY OR INDUSTRY
This is the impact of the incident on the local economy or on the industry to which the
organization belongs, both in magnitude and length.

Magnitude

(1) LO—Low Impact. The incident has caused local economy or industry little damage.
Such damage is usually measured by the fact that the local economy and/or operation
of industry is not affected.

(2) ME—Medium Impact. The incident has caused local economy or industry to suffer
some damage. Such damage is usually measured by the fact that the local economy
and/or operation of industry is somewhat affected.

(3) HG—Huge Impact. The incident has seriously disrupted local industry and/or has
caused the local economy to move into a recession.

Length

(1) ST—Short. The impact to the local economy or industry has lasted less than six months.
(2) LN—Long. The impact to the local economy or industry has lasted more than six
months.

26 TO LOCAL ENVIRONMENT
This is the impact of the incident on the local environment, both in magnitude and length.

Magnitude

(1) LO—Low Impact. The incident has caused little damage to the local environment.

In such a case, there has not been much environmental concern or actual ecological
damage by the incident.

(2) ME—Medium Impact. The incident has caused some damage to the local environment.
In such a case, the incident has raised some local environmental concern or has incurred
some actual ecological damage.

(3) HG—Huge Impact. The incident has caused great ecological damage to the local envi-
ronment. Such damage can be measured by the broad environmental concern or huge
ecological damage by the incident.

Length

(1) ST—Short. The impact lasted for less than half a year.
(2) LN—Long. The impact lasted for more than half a year.

27 TO HUMAN BEING
This is the physical impact of the incident on human beings involved, either local residents
or other. This impact is measured in both magnitude and length.
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Magnitude

(1) LO—Low Loss. In the incident, there were either (a) less than 5 dead or, (b) less than
10 injured or, (c) less than 1000 people physically affected (e.g., evacuated).

(2) ME—Medium Loss. In the incident, there were either (a) more than 5 dead or, (b) more
than 10 injured or, (c) more than 1000 people physically affected.

(3) HG—Huge Loss. In the incident, there were either (a) more than 50 dead or, (b) more
than 100 injured or, (c) more than 10,000 people physically affected.

Length

(1) ST—Short. The impact on human being has lasted for less than half a year.
(2) LN—Long. The impact on human being has lasted for more than half a year.

28 ACTUAL SEVERITY OF THE INCIDENT RELATIVE TO THE INDUSTRY

This is the degree of the severity of the incident relative to the average incident standard for
that industry, which can be measured either (1) in terms of how rare are similar incidents
in the industry or (2) in terms of how severely the incident affected the industry. Note that
the more severe the incident the more rare. It is on a Likert scale: low (LO), medium (ME),
and high (HI).

Lagadec (1981) has also provided some classification scales in terms of death toll for
industries such as navigation, military, mining, railroad, aviation, chemical, and construc-
tion. For example, during the 20th century, the average death toll from large scale incidents
in the navigation industry is above 1,500; in the military industry, 6,000; in the chemical
industry, 500; in the railroad industry, 60; in the aviation industry, 30; and in the construction
industry, 100.

Also, according to Lagadec (1981: 175) the average monetary cost of alarge scale incident
is above $25 million.

In this research, we look at the incident impact as a whole. Also, the larger the scale of
the incident, the lower is the probability that the incident would occur in the industry.

(1) LO—Low severity. An incident of this scale and impact is not rare in the industry; that
is, it has occurred more than five times in the history of the industry.

(2) ME—Medium severity. An incident of this scale and impact is somewhat rare in the
industry; it has occurred only a few times in the history of the industry.

(3) HI—High severity. An incident of this scale and impact is very rare in the industry; it
almost has never occurred before in the history of the industry.

29 POTENTIAL SEVERITY OF THE INCIDENT
This is the possibility of avoiding the escalation of an incident when the first sign is detected,
or whether the incident would escalate quickly or slowly into a catastrophe.

This is determined by the nature of the incident. We adopt Perrow’s (1984: 344) classifi-
cation scale, except that we put space incident in the category of high catastrophic potential
(having low chance to avoid escalation) instead of the category of low catastrophic potential
(having high chance to avoid escalation).
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Itis on a Likert scale: low (LO), medium (ME), and high (HI).

(1) LO—Low catastrophic potential. The escalation of an incident can be largely avoided
after the first sign of the incident. Agricultural incidents, construction incidents, mining
incidents, railroad incidents, religious incidents, military incidents, and entertainment
incidents are in this category.

(2) ME—Medium catastrophic potential. The escalation of an incident can be somewhat
controlled given the first sign of the incident. Chemical incidents, oil incidents, and
navigation incidents are in this category.

(3) HI—High catastrophic potential. The escalation of incident almost cannot be avoided
once the incident has begun. Nuclear incidents, space incidents, communication inci-
dents, and aviation incidents are in this category.

30 ORGANIZATIONAL PERFORMANCE UNDER CRITICAL SITUATION
This measures the performance of the organization during the incident. This performance
is measured on a series of decision choices that were related to the incident faced by
the organization. According to the definition of organizational effectiveness, organizational
performance can be largely determined by the outcome of organizational operations, such as
the incident impact during a critical situation. However, there are a few exceptions when the
nature of the incident dominates the outcome of incident, thus affecting the organizational
performance measure. So, in this research, we consider not only the severity of the incident
relative to the industrial standard, but also how the organization has mitigated incident
impact given the nature of the incident. We have also looked into the decision making
process, and the researcher’s or other observers’ comments on the incident.

Thus, we code the performance of organizations during the incident based on both AC-
TUAL SEVERITY OF INCIDENT and POTENTIAL SEVERITY OF INCIDENT. Itis on
a Likert scale: low (LO), medium (ME), and high (HI).

(1) LO—Low performance during incident. It is determined by the combination of a high
severity of incident and a low or medium catastrophic potential.

(2) ME—Moderate performance during incident. It is defined between the range of low
and high performance.

(3) HI—High performance during incident. It is determined by the combination of a low
severity of incident, and a medium or high catastrophic potential.
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