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Chapter 1: Motivation
This chapter is intended to take the reader through a motivational journey about the
relevance of this research. The purpose of this journey is to introduce the reader to the impact of
the topic that this study is addressing. The aim of this chapter is to motivate the reader to reflect
on how this research could relate to their own life, work, and learning journey, be it a formal
learning journey or an informal one.
The reader is encouraged to deliberate on every chapter of this study, including this one,
with reflective thoughts about their own experience dealing with emergencies and to complement
such reflective thoughts with critical thoughts about emergency situations that she or he has not
experienced. The author would argue that any reader has experienced or will experience more
than one emergency in their lifetime. That experience could occur either by being subject to an
emergency impact. Or it could be as taking part as a managing actor on the emergency impact on
others. Our journey from cradle to grave is a journey rich with both avoiding and responding to
emergencies. We start our life journey with the incident of successfully exiting our mother’s
womb with risks to both lives. The journey ends with an event where an individual will no longer
maintain circulating oxygen to their brain and other organs on their own. In both situations, and in
many in between, individuals are subject to hazards that they have different levels of vulnerability
to. Emergency management (EM) is arguably a continuous process that never stops. In this study,
the reader is invited to reflect on this continuous process of managing inevitable emergencies or
mitigating potential ones.
The author kept reflecting on examples related to his own experiences and learning
throughout the duration of this study. He is fortunate to have survived several emergencies
including a car accident that hospitalized him for several months during his early childhood. In

2
that situation, he had to be evacuated by an EMT helicopter, one of the early vivid memories that
he still keeps with a great feeling of gratitude. Having lived and traveled internationally and
witnessing a variety of emergency response systems and resources, the author might not have
been alive in a different environment with different emergency response system. Very recently,
the author was involved in a design process for a technology that is supposed to facilitate
emergency cesarean delivery preparation, the study that will be highlighted in further detail in
later chapters. In that study the author was introduced to some risks pertaining to medical
complications, human errors, or organizational errors that could lead to an unfortunate loss of the
mother, fetus, or both.
From these two examples, including conversations with some experts about the
emergency cesarean delivery facilitator (ECDF), the author got to witness some patterns that
could be relevant to other emergency management situations as well. In the ECDF project, the
author had to contribute to construct a conceptual model about how a cesarean delivery
emergency works; the very specific emergency situation that could be of lower likelihood of
occurring compared to the vast variety of other emergencies that a typical emergency room would
receive in any day. In conversations with subject matter experts in hospital management some
comments like this were observed: “The team alert functionality of the facilitator could be
relevant to our radiology and triage alerts” . Because of such specificity in the emergency
cesarean section example, it seemed to be that the pattern of functions and responses in cesarean
delivery is similar across different types of emergencies: response to a tsunami, a nuclear plant
disaster, a cardiac arrest emergency, etc.
Common patterns across other emergency management systems inside and outside
healthcare were inevitably noticed with every accident news piece the author read or incident
report he was exposed to during his learning journey as a developing human factors engineer. The
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reader is invited in this study to contemplate patterns of activities that might happen if they were
subject to a heart attack, a kidney failure, a car accident, an explosion, an airplane hijack, an
earthquake, or a kitchen fire. The author provides in this study an attempt to understand whether
or not his approach to model emergency management is a good representation of what could be
done in managing any of these emergencies.
Conceptual modeling was not the only focus of this study. More critical was to
understand if the modeling approach and the result of the modeling tool used to understand
emergency management is useful and under what contexts is it useful.
This is an exploratory study that was done to understand if the model developed is
representative and useful, and what opportunities this model could provide to the emergency
management world. Such exploratory study would have not been possible with traditional
engineering science or quantitative research methods.
After developing the model using informal conversations with experts, a qualitative
research method called grounded theory was used to capture the most relevant and important
issues pertaining to conceptual modeling in emergency management. Grounded Theory has been
used in social science research to build concepts and theories grounded by the data from the field
(Charmaz, 2006; Grbich, 2012). The author constructed a semi-structured interview to collect
impressions, comments, and open answers from experts to answer his research questions
pertaining the usefulness, representation, and learnability of the conceptual model he developed.
Last, not to assume that this study provides answers to all emergency questions, it does
not. Disasters happen in a setting of high uncertainty. Nassim Taleb in his book, The Black
Swan: The Impact of the Highly Improbable” explains that what distinguishes a Black Swan
phenomenon is a triplet: “ 1) rarity, 2) extreme impact, and 3) retrospective (though not
prospective) predictability.” (Taleb, 2007)

4
Such triplet characteristics come together in disasters that have changed how we perceive
the world since then. But they happen without being able to expect them before their occurrence.
Taleb provides a very interesting hypothetical thought experiment: If we had a legislator, Joe
Smith had put in effect and employment a measure that increases aircraft security for cockpit
doors by September 10th, 2001, all airplanes might have been saved from the catastrophe that
happened in New York and Washington in the tragic 9/11 events. Such a legislator would not
have statues in his name all over the nation as the one who saved the nation from the tragedy.
Very likely airlines would work to take him out of office after his costly legislation. (Taleb, 2007)
This example might give you an illustration of how the vulnerability in most catastrophic
disasters might not be easy to identify before the event happens. In no way does this study
promise a world free of disasters and mishaps, but it gives a promising attempt to have a common
language that the emergency management community can use to communicate better
requirements for protection and response systems. Perhaps this model will guide us as to how we
could provide better training and learning that increase our resilience to the next disaster. The
intention is to have a framework that helps us work together to identify and address our most
critical vulnerabilities.
The second chapter of this thesis provides a background of the relevant literature and
efforts in the field of emergency management theory and modeling. It also provides a detailed
overview of preliminary work related to the study. The third chapter presents the methodology.
The first part of the chapter describes the conceptual modeling tool used to build a comprehensive
emergency management conceptual model and presents the model that was developed for this
study. The model used a functional systems approach to comprehensive emergency management.
The second part of the methodology chapter states questions this study attempted to address. The
thesis questions are: 1) Is the proposed model an accurate representation of emergency
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management? 2) Would the proposed model be useful in practice? How so? 3) What is the
appropriate structure for such useful practice? The third and last part of the methodology chapter
details the methodology of using a qualitative analysis method called grounded theory to analyze
interviews with experts. The chapter concludes with results that were used to provide answers to
the study research questions. The fourth chapter examines how the data answered the research
questions. The fifth chapter provides a discussion and highlight conclusions from this thesis. The
fifth chapter furthermore proposes future work based on this study and other studies to assess
vulnerabilities in emergency management systems. Finally, the chapter concludes with
recommendations and conclusions from this study.
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Chapter 2: Literature Review and Preliminary Work
In this chapter background is provided about modeling emergency management (EM).
Two different paradigms are covered for a conceptual model of EM. One is based on progress of
events over time and the other is based on activities and functions performed with respect to EM.
This chapter covers challenges and needs pertaining to the existing paradigm and opportunities
identified in the other one.

The Theory of Emergency Management
Understanding Theory
The purpose of the following overview is to provide a context of the focus of this study
with respect to the theory from which it was developed. This section provides a brief explanation
about the theory of EM summarized from McEntire (2004).
There are a variety of definitions for the term ‘theory’ that would reflect different
opinions or meanings for the term. (McEntire,2004). For the context this paper is trying to
convey, a theory is “a collection of statements about a subject domain.” (Funk, 1983). According
to Funk, those statements could be presented in different forms. They could be presented in
natural language such as English, Arabic, or German. Or they could be in a formal
(programming) language such as C or FORTRAN. Another form could be in mathematical
equations, or a combination of some or all of these types of languages. Choice of language to
present such statements would affect the utility and acceptance of the theory in certain
communities. (Funk, 1983)
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Theory forms
There are several ways to present emergency management in a theory. An important
context for the study is to provide the following distinctions:
●

Normative theories represent what emergency managers ought to do.

Examples of ideas and models based on this type of theories are: “Comprehensive
Emergency Management”, “Integrated emergency management” framework, Incident
Command System (ICS), and National Incident Management Systems (NIMS). All of
these systems and frameworks provide theoretical foundations of what the ideal situation
should look like.
●

A Substantive Theory explains human behavior. Examples from the EM

field include theories about human behavior causing a terrorist threat, earthquake threat,
or explaining community behavior after disaster impact.
●

Micro theories explain specific social factors or address specific

situations or disasters. They could be powerful tools to predict in specific settings.
(Drabek, 2004)

In his review of theories relevant to emergency management, Drabek urges the disaster
research community to put the construction of a general theory of emergency management as a
“top priority”. (Drabek, 2004)
Do we need a theory?
For years, the traditional theory of emergency management was Comprehensive
Emergency Management (CEM), which served as an overly simplified yet useful presentation of
disaster phases. Some limitations of this theory are the lack of capturing socio-environmental
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factors (such as politics, culture, or economics). A single EM theory was found as a source of
identity to the emergency management field. Nevertheless, the existing theory does not explain
everything with respect to the phenomena it seeks to address. (McEntire, 2004).
A comprehensive approach for a theory that addresses emergency management is a
challenge as McEntire warns: “a theory that tries to explain everything may run the risk of
explaining nothing at all” (McEntire, 2004). However, he provides counter-arguments that such a
single theory could give the emergency management discipline direction and meaning. The
determining factor of the success or failure of such a theory is whether it provides contributions to
the scholarship or if it poses limitations to the discipline (McEntire, 2004). That is supported by
several scholars in the field. According to Trim (2004), an integrated and cohesive form is needed
in disaster planning. Currently, emergency management agencies find it a challenging to think in
general terms in order to learn how lessons from one field are applicable in another (Donahue,
2006). Such a challenge needs to be addressed in order to have a successful emergency
management theory that works in practice, because according to Donahue and Tuohy, “[e]ven
though disasters seem unique, solutions to them can be generalized” (2006).
Addressing challenges with EM theory
McEntire, in his review, provided a list of proposed recommendations pertaining to
improving the theory of emergency management (McEntire, 2004):
1. To build on existing emergency management research and theory rather than
discarding the theory of the past.
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2. To think critically about theoretical concepts and definitions; as an example, to seek
to define the term “Disaster”1.
3. To understand the drawbacks of using the notion of ‘Emergency Management’
compared to ‘disaster vulnerability management’. More detail about this will be
provided later in this chapter.
4. To recognize and acknowledge all kinds of hazards (technological, civil, or natural),
while understanding that we could control our vulnerability to hazards and events but
not necessarily the

hazards themselves.

5. To establish an improved theory with a “multi-causal view of disasters” and to
appreciate the complexity of managing emergencies2.
6. To integrate and embrace all stakeholders and actors involved in the proces. This
includes government, non-profits, businesses, individuals, and city, state, and federal
governments.
7. To maintain reliance on the four phases of disasters (Preparedness, Mitigation,
Response, and Recovery). To benefit from established categorization of distinct
emergency management functions.
8. To support the theory by integrating research from all disciplines that contribute to
the field.
9. To provide special focus on critical topics such as human behavior, sociology of
disasters, environmental concerns, cultural, economic and managerial aspects,

1

McEntire defines a disaster as “the disruptive and/or deadly and destructive outcome or
result of physical or human- induced triggering agents when they interact with, and are
exacerbated by vulnerabilities from diverse but overlapping environments”.
2
Chaos and systems theories are suggested to maintain a comprehensive understanding
of disaster phenomena.
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political barriers, and positive and negative effects of technology in incident
management.
McEntire further emphasizes the need to see the “big picture” of disasters and EM
through combining findings from different fields and disciplines and to orient vulnerability as a
central concept of future theory of EM. (McEntire, 2004)

Guidelines for an emergency management framework.
Focusing on disaster management rather than emergency management
A very important issue to consider in developing a theoretical context is to understand
what the research community is focusing on. Should we distinguish between managing disasters
or managing emergencies? In his review of the status of emergency management theory,
McEntire explains two very important issues:
1. We, the research community, are really interested in disasters rather than
emergencies.
2. Emergency management might be a deceiving term. We do not have full control
of disasters. Hence McEntire considers it a misnomer and oxymoron to claim that
we are doing ‘emergency management’.
McEntire (2004) does not provide a suitable alternative for the terminology that is widely
accepted in the professional world. In this thesis, the author uses “disaster management” and
“emergency management” interchangeably as they have often been used in the literature across
various disciplines. Despite the popular use of “emergency management”, what the author implies
by the use of this term is: The process of managing a state of emergency induced by any disaster
in a meaning that includes all hazards (i.e. civil, technological, natural, or mixed).
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An approach centered around vulnerability
Vulnerability as a concept was found in the literature to be related to all kinds of
variables, actors, and phases of a disaster (McEntire, 2004). Reducing long-term vulnerability is
one of the required seven core capabilities in any entity engaged in mitigation under the national
mitigation framework (U.S. Department of Homeland Security, 2013).
Focusing on vulnerability in an emergency management theory provides many
advantageous and critical aspects: it relates to most of the disciplines that contribute to EM
scholarship such as geography, meteorology, engineering, anthropology, sociology,
epidemiology, psychology, homeland security, etc. Furthermore, such focus acknowledges that a
holistic approach to disasters should be taken. The concept of vulnerability is related to all types
of hazards: natural, technological, and civil. Furthermore, vulnerability is a concept that we could
control in a disaster when compared to hazards. McEntire, in his review of the status of the
theory proposed considering the utility of vulnerability to improve emergency management
theory. (McEntire, 2004)
McEntire’s proposal to focus on vulnerability is supported by the disaster management
main goals, which are “[t]o reduce, or avoid, the potential losses from hazards, to assure prompt
and correct assistance to victims, and to achieve fast and effective recovery.” (Bevilacqua et. al,
2013)
Systems Thinking Approach
Seeing the “big picture” of disasters and emergency management happens through the
help of findings combined from different disciplines (McEntire, 2004). However, day-to-day
operations induce focused, short-term, and narrow thinking that does not always consider the
whole system or look to components relationships enough (Donahue, 2006).

12
Despite such a need to look into causal processes in a learning experience or to
understand EM in a systems thinking approach, systems thinking and learning science are, for
example not taught at any depth in the National Fire Academy according to a focus group
conducted with EM experts (Donahue, 2006).
Grounded approach
A very critical problem McEntire provided in his review of the status of EM theory is that
there is fundamentally a different focus between researchers and practitioners. The first group
focuses on research and theory. The second focuses on concerns related to real-world practices. If
emergency management theory is meant to help both camps, McEntire recommends to solve the
dilemma by having professionals introduced to new methods from one side and researchers
generating theory that is “grounded in reality” from the other side (McEntire, 2004).
Comprehensive approach
Capabilities in gathering and validating information about incidents should be
comprehensive, nation-wide, and possible to disseminate to those who can facilitate EM learning.
As well, institutionalizing the learning process from ‘lessons-learned’ reports is needed across all
levels of government. A critical requirement developed for EM lessons learned documentation
process as is to be able to capture all small and big events (Donahue, 2006).
A comprehensive and balanced approach between a generic and a hazard-specific focus is
needed in the field. Since the cold war, research has followed “fads of the profession” over time.
Focus changed between one type of hazards to another in the sequence of civil hazards,
technological hazards, natural hazards, and back to civil hazards arising from modern terrorism.
(McEntire, 2004)
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An Approach That Addresses Learning Challenges
Several structured means to learn from past incidents and prepare for coming ones have
been developed in the field of emergency management. A commonly used technique to document
incidents across many agencies is After Action Review (AAR) documents. This technique has
been practiced for over 40 years despite research that suggests that lessons learned from the
AARs are not practiced regularly, and when completed they are not implemented or distributed in
an effective manner. Over-reliance on such techniques might be harmful in the complex modern
demands of emergency management exercises. Responders are required to be able to manage a
dynamic process of learning in real time, to act and reflect rather than just apply what they learn
from past events. (Kaliner, 2013)
Kaliner claims that it is unlikely to have a substantial effect of an agreeable theoretical
model over practice. However, a substantial challenge is if organizational and individual learning
could increase through the existing practice of using AARs. Kaliner proposes the use of
“organizational learning capabilities” as essential capabilities for emergency preparedness. From
Peter Senge’s book The Fifth Discipline: The Art and Practice of the Learning Organization,
examples of the proposed learning capabilities include systems thinking, dialogue, shared vision,
personal mastery, and mental models. (Kaliner, 2013) This view is supported by Donahue and
Tuohy’s recommendation that AAR’s need to be translated into new concepts delivered by
analysts who have dual experience in both the in-depth expertise incident management and
response domain and the learning science domain. (Donahue &Tuohy, 2006).
Other than the issues stated above with respect to AAR are other important weaknesses in
disaster exercise design and execution:
1. Lack of proper balance between what is known and unknown. Some exercises
utilize very basic scenarios that do not allow responders to experience
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unexpected events to gain the skill of handling such unforeseen circumstances.
Some other exercises are at the other end of the spectrum: very far-fetched.
2. Lack of realism that masks complexity. Simplifying what responders and
incident managers are required to do could lead trainees into underestimating
resources or effort needed to complete required tasks.
3. Fear of failure in the exercise. Unclear exercise objectives or understanding of
expectations lead trainees into fearing to act and fail in the eyes of trainers who
have the “right solution” in mind for the scenario.

In conclusion to this understanding, Donahue and Tuohy recommend radical
improvements in training, comprehensive capability for lessons-learned collection and validation,
and incentives for such capability to be activated across all layers of government. They highlight
a very important issue with regard to the learning process: Vulnerability. The process is
vulnerable to be hindered by short-term distractors, workforce turnover, political priorities, etc.
Attention to such vulnerability can be made with vertical commitment across all levels and
agencies of emergency management (Donahue &Tuohy, 2006).

Modeling emergency management
One of the main purposes of a theory is to” clarify terms by providing sound academic
definitions” (McEntire, 2004). Such purpose is not yet fulfilled in EM as there is confusion in
both practice and theory about conceptual terms and functions in the EM field. According to
Donahue and Tuohy, “[t]he same functions are described using different terms in different
disciplines and parts of the country. Or the same terms are used to describe different things. This
leads to a lack of understanding, or a false sense of understanding” (Donahue &Tuohy, 2005).
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A model, which is “the structure in which the statements of the theory are interpreted as
true” (Funk, 1983), could be presented as “charts that show theoretical links between different
variables or relationships in or among groups” where some of these models describe the
transformation of inputs into outputs in a system. Some other models show how individuals or
organizations relate to each other. A famous example of such a model in the EM field is the
Incident Management System. (McEntire, 2004)
From the literature covered in this chapter so far, it can be concluded that a systemsthinking-based approach to model emergency management could potentially help the emergency
management field in two different directions:
1. Practical direction: An improved model could help to transform academic theories and
knowledge about emergency management into tacit knowledge and practices that
increase learning and address needs stated by emergency management practitioners.
2. Theoretical direction: An improved emergency management model could provide a
context to improve the evolving theory itself. A proper model could facilitate creating
better definitions of theoretical concepts. Such a model could facilitate grounded
validation of the theory if it could capture emergency management functions as practiced
in reality.

Existing approaches in modeling emergency management
Temporal (Time-based) Phases as building blocks of emergency management
framework
Representing disaster management has been mainly guided by a paradigm that is timebased, utilizing a common approach to build frameworks and models using phases as building
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blocks for the model. This section provides the reader with an overview of how emergency
management is currently represented and why this approach does not fully fulfill contemporary
needs of both EM practice and research communities.
In social science research, it is very common to use phases or “life cycles” when
constructing frameworks and models. The origins of the model can first be found in an explicit
description on various disaster phases developed by Lowell Carr in 1932 in a representation of
the socio-physical nature of a disaster. (Neal, 1997)
In the past 40 years the most commonly used model in the emergency management
practice in the United States is a framework composed of four phases: Mitigation, Preparedness,
Response, and Recovery. This “Four Phases” framework was proposed to be used by disaster
management and local emergency managers by the national governors association. (Neal, 1997;
Baird, 2010)
The “Four Phases” framework has been the foundation of classification in emergency
management practice and research for the last 50 years. It has been used in research to get
systematized and codified results. Scientists use it in order to organize and explain their data. As
well, practitioners break down their tasks into these main four phases. (Neal, 1997)
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Figure 1: Four main phases of disaster management as proposed by the National Governors
Association report in 1979. Adapted from: (National Governors Association 1979; Baird, 2010).

While there is almost no consensus in the research literature or technical reports with
respect to definitions of these four phases (Baird, 2010; Neal, 1997), the following definitions are
provided from the National Response Framework Glossary provided by the Federal Emergency
Management Agency (FEMA, 2008):
Mitigation: Activities providing a critical foundation in the effort to reduce the loss of
life and property from natural and/or manmade disasters by avoiding or lessening the
impact of a disaster and providing value to the public by creating safer communities.
Mitigation seeks to fix the cycle of disaster damage, reconstruction, and repeated
damage. These activities or actions, in most cases, will have a long-term sustained
effect.” (FEMA, 2008)
Preparedness: Actions that involve a combination of planning, resources, training,
exercising, and organizing to build, sustain, and improve operational capabilities.
Preparedness is the process of identifying the personnel, training, and equipment needed
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for a wide range of potential incidents, and developing jurisdiction-specific plans for
delivering capabilities when needed for an incident.
Response: Immediate actions to save lives, protect property and the environment, and
meet basic human needs. Response also includes the execution of emergency plans and
actions to support short-term recovery.
Recovery: The development, coordination, and execution of service- and site-restoration
plans; the reconstitution of government operations and services; individual, privatesector, nongovernmental, and public-assistance programs to provide housing and to
promote restoration; long-term care and treatment of affected persons; additional
measures for social, political, environmental, and economic restoration; evaluation of the
incident to identify lessons learned; post incident reporting; and development of
initiatives to mitigate the effects of future incidents.
The four phases model has served as a heuristic device for EM research and practice.
There has been a systematic analysis of disaster management over the second half of the 20th
century that utilized the four phases as a cornerstone for useful academic and practical findings.
However, despite this representation having its own benefits in guiding practice and research, it
has its own limitations: defining and refining the use of these phases has not reached a level of
maturity or acceptance by researchers or practitioners. It was also proposed that it might be a
hurdle to achieve effective response as it may force or encourage managers and responders to
think in a linear form. (Neal, 1997)
A very critical issue that is facing both practitioners across various emergency
management fields and researchers is that the phases are not yet universally defined. The same
terms are used for different concepts, and the same concept is denoted by different terms across
different disciplines. (Neal, 1997; Baird, 2010)
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Such challenges could lead to miscommunication and deficiency in learning or
developing effective scientific concepts. Due to these factors, reconsidering phases of disaster
was proposed by Neal to facilitate theoretical clarification of disaster management. (Neal, 1997)

Functions as building blocks of an emergency management framework
The Comprehensive Emergency Management CEM framework, based on the Four
Phases described above, has been used as a sequential model where each phase fills in what the
previous phases fail to do. However, there are disasters where the sequence of events does not
follow in the order of these phases. Hence, it could be confusing if the cycle of phases represents
the temporal rather than functional aspect of disasters. (Thorvaldsdóttir, Asce, and Sigbjörnsson,
2014)
Motivated by that deficiency, Thorvaldsdóttir, Asce, and Sigbjörnsson (2014) developed
the concept of Disaster-Function Management (DFM) that is based on classical management
theory and fulfills criteria for a disaster paradigm set by McEntire et al. (2002). The criteria state
that a disaster paradigm is to incorporate the following: “triggering agents, functional areas,
actors, variables and disciplines pertaining to calamitous events” (Thorvaldsdottir, 2014).
In their paper, Thorvaldsdottir et. al. introduced eight functions defined by their
objectives (Table 1). Their functions were supported by examples of actors responsible for each
function in natural disaster management situations. For example, engineers, academics, and
hydrologists are considered actors for the disaster-risk analysis function, whereas in disaster risk
mitigation, actors would be engineers, urban planners, governments, and the public.
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Functions

Objectives

Disaster-risk analysis

“To understand disaster its risk components and
context”

Disaster-risk mitigation

“To measurably reduce known disaster risk”

Operational preparedness

“To prepare future operations for dealing with future
disasters”

Impact operations

“To react to demerging processes prior to, during, and
after impact”

Rescue operations

“To save lives of those caught in damaging processes”

Relief operations

“To provide temporary relief of suffering to those
affected”

Recovery operations

“To implement final measures to bring a community to
normalcy”

Systematic learning

“To systematically learn from recent events and
implement changes”

Table1: Disaster core functions for Disaster-Function Management (DFM) as described by
Thorvaldsdóttir, et. Al. (2014). Adapted from: (Thorvaldsdottir, 2014)

In their paper, Thorvaldsdottir et. al. compared disaster functions against CEM phases to
address some gaps in the phases model. For example, systematic learning, pre-impact operations,
and risk analysis were believed to be addressed in their functions but was found missing or not
clearly stated in any of the CEM phases. (Thorvaldsdottir, 2014)
One of the strengths of this approach is that each core disaster management function
above has a clear objective that acts as an output that starts with the definition of disaster. The
definition of disaster used in Thorvaldsdottir et. al which they adopted from the UN international
secretariat for disaster reduction, is “[a] serious disruption of the functioning of a community or a
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society involving widespread human, material, economic or environmental losses and impacts,
which exceeds the ability of the affected community or society to cope using its own resources”.
Their theoretical argument is that a function’s output should relate to the definition of a disaster
(Thorvaldsdottir, 2014).
Their use of classical management theory was done through creating EM system building
blocks that relate to the overall system objectives. Thorvaldsdottir et. al (2014) explain:
Classical management theory states that management by objectives
(MBO) as a concept is an integrated management system to manage an
organization by aligning the entire managerial effort with specific performance
goals (Ghuman, 2010).
Using objectives changes the question from “In which phase does an
activity belong?” to “Which objective(s) does the activity meet?” or more
importantly “Which activities are needed to meet specific objectives?” For
example, the question “In which phase is public education performed?” is not
relevant. “What is the objective of a public education project?” is. A public
education project could address many objectives in a single package: to
understand risk (e.g., teaching people about hazards and consequences), to
mitigate risk (e.g., teaching people to fasten bookshelves to walls), or to prepare
people for disasters (e.g., teaching people to make a home emergency kit to use
when disasters strike).”
Transferring basic principles into a model
The DFM approach introduced a different perspective to the field. It created a
theoretically significant approach to define concepts. Thorvaldsdottir et. al argue that it is
“important to not only define risk but also define risk in context with other functions.” To support
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that argument they introduced some basic interrelationships in between most of their proposed
core functions. As an example, the relationship between impact and risk core functions was stated
as follows: “Was the risk appropriately defined based on the actual impact?”. (Thorvaldsdottir,
2014)
They recommended further work to verify such core disaster functions and
interrelationships between them. An alternative model for the disaster life cycle is yet to be
developed, but such a model is suggested to focus on core functions of disaster management.
(Thorvaldsdottir, 2014)
This chapter covered the theory of EM with respect to these considerations: 1) the
meaning of a theory 2) types of theories could be generated about any specific field, 3) why a
theory in emergency management is required, and 4) existing challenges and needs for an
improved EM theory. The chapter then followed with coverage of guidelines for a comprehensive
emergency management framework that was found in the literature. These guidelines are:
1. An EM framework should focus on disaster management rather than emergency
management. If the latter term is used, it should be made clear what it is meant by it to
avoid confusion (McEntire, 2004).
2. Such a framework should be centered around the concept of vulnerability (McEntire,
2004).
3. Such a framework should use or facilitate the use of systems thinking (McEntire, 2004;
Donahue, 2006).

4. Such a framework should be grounded by reality of practice of EM (McEntire, 2004).
5. Such a framework should provide a comprehensive approach to all hazards and relevant
disciplines (McEntire, 2004; Donahue, 2006).
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6. Such an approach should address existing EM learning challenges and issues (Donahue,
2006; Kaliner, 2013).

The objectives of this research were to develop and validate such a framework. The following
chapter describes how these objectives were addressed.
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Chapter 3: Methodology
To meet its objectives, the study included two main parts. The first part developed a framework
that describes CEM using informal interviews, discussions, case study reviews, and personal
analysis of such resources. The second part evaluated the framework using subject matter experts
(SME’s). That analysis produced a qualitative understanding about the usefulness and
applicability of the framework and recommendations for future work. See Figure 6.

Figure 6:An overview of the thesis research. This overview layout the research in two parts and
describes its activities and results. Proposed future work that can build on this thesis is stated
following the two parts of the thesis.
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A comprehensive functional emergency management model
This section gives an overview of a model that was developed using IDEF0 to address
issues and follows guidelines covered in the second chapter of this thesis. The model was initially
developed from the following requirements:
1. The model shall contain no more than 6 functions. This requirement was generated to
ensure simplicity of the model and to comply with IDEF0 guidelines.
2. The model shall be comprehensive to any management function pertaining to a disaster at
any stage/phase of it.
3. The model shall be inclusive in its relevance to any type or magnitude of a disaster or
emergency (these two terms are being used interchangeably).
4. The model shall demonstrate outputs that relate to outcomes or performance indicators
that emergency management practitioners are interested in.
Requirements 2 and 3 were considered to meet guideline 5 for a comprehensive EM
framework that was mentioned in the literature review. The guideline requires providing a
comprehensive approach to all hazards and relevant disciplines (McEntire, 2004; Donahue,
2006). Requirement 4 was considered to meet guidelines 2, 3, 4, and 6. These guidelines relate to
having a CEM to be framework centered around the concept of vulnerability, facilitate use of
systems thinking, being grounded by reality of practice of EM, and address existing EM learning
challenges and issues (McEntire, 2004; Donahue, 2006; Kaliner, 2013).
While developing the model, another important guideline was given in personal communication
with the author’s advisor, which is:
5. The model shall provide a higher level that shows interactions between the
disaster/emergency itself and disaster/emergency management actions.
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Preliminary work
The tool selected to build the framework was the Integration DEFinition For Functional
Modeling (IDEF0) modeling language (National Institute of Standards and Technology, 1993).
IDEF0 was chosen because it is a functional modeling tool that can be grounded by reality,
facilitate systems thinking, and be explicit in what outcomes and outputs the system shall focus
on. Such attributes are in line with the EM framework guidelines covered in the previous chapter.
IDEF0 is a Federal Information Processing Standard (FIPS) that was based on the Air
Force Wright Aeronautical Laboratories Integrated Computer- Aided Manufacturing (ICAM)
Architecture, Part II, Volume IV - Function Modeling Manual (IDEF0) published in 1981.
(National Institute of Standards and Technology, 1993; US Air Force, 1982). This modeling
language is used to represent a system or enterprise with structured graphical representations. It
allows analysts to model system functions (activities, actions, processes, operations), functional
relationships, and data (information or objects). It provides the ability to show relationships
between functions and how information and data flow between different functions.(National
Institute of Standards and Technology, 1993)
The National Institute of Standards and Technology (NIST) has adopted this modeling
language as a standard for the following objectives (NIST, 1993):
1. To provide a means for completely and consistently modeling the functions
(activities, actions, processes, operations) required by a system or enterprise,
and the functional relationships and data (information or objects) that support
the integration of those functions;
2. To provide a modeling technique which is independent of Computer-Aided
Software Engineering (CASE) methods or tools, but which can be used in
conjunction with those methods or tools;
3. To provide a modeling technique that has the following characteristics:
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a. Generic (for analysis of systems of varying purpose, scope and
complexity);
b. Rigorous and precise (for production of correct, usable models);
c. Concise (to facilitate understanding, communication, consensus and
validation);
d. Conceptual (for representation of functional requirements rather than
physical or organizational implementations);

e. Flexible (to support several phases of the lifecycle of a project).
NIST strongly recommended this standard for projects that require a modeling technique
that would be used for any of the following:
●

Analysis, development, re-engineering, integration, or acquisition of information
systems.

●

Business processes analysis.

●

Software engineering. (National Institute of Standards and Technology, 1993)
IDEF0 was adopted by the U.S. Air Force to address the need to increase manufacturing

productivity using systematic application of computer technology during the 1970s. The IDEF0
language produces functional models. Functional models are “Structured representation of the
functions, activities or processes within the modeled system or subject area” (National Institute of
Standards and Technology, 1993).
This language is considered to be a comprehensive method to represent a variety of
processes and operations with any level of detail. It is simple to use and promotes consistent
usage and interpretations. It also facilitates communication enhancement between users,
developers, and systems analysts. There are several computer graphics tools that can be used to

28
apply it and it has been test-proven through its deployment in government agencies , private
institutions, and the Air Force. (National Institute of Standards and Technology, 1993)
IDEF0 Language
This section provides a brief description of the IDEF0 language in order to understand the
model that was created for this study. The reader is encouraged to refer to the cited report (US Air
Force, 1982) or the NIST standard for a detailed in-depth explanation of the language. IDEF0
symbols and the most important concepts are described in Table 2.
Graphical

Interpretation

representation
Box

A function, an activity or a process that transforms inputs to
outputs. Functions are described with phrases that start with a
verb. (e.g. Make a sandwich).
Functions in this study represent any of the following:
(activities, actions, processes and operations) which is
consistent with how IDEF0 was used in a certain emergency
management modeling study (Bevilacqua, 2012)

Arrow

Data or objects that are related to one or more functions. The
relationship between a function and an arrow depends on which
side the arrow enters to or exits the box that represents a
specific function.
Inputs: Concepts transformed by the function to outputs.
Represented by an arrow entering a box from the left.
Outputs: Products of the function. Represented by an arrow
exiting a box from the right.
Controls: Concepts manipulating the quality or state of the
function. Represented by an arrow entering a box from the top.
Mechanisms: Means used to perform the function.
Represented by an arrow entering a box from the bottom.
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Diagram

One or more functions interacting with each other at the same
level of detail. Each diagram usually contains between 3 and 6
boxes.

Diagram name

Description of the system.

Diagram number

A code that shows the level of detail and relationship of the
diagram within the model.
·

The Top-level diagram is called A-0 (A minus zero). It

usually contains one function of interest with top-level inputs,
controls, outputs, and mechanisms (ICOMs). That function is
called A0.
·

The A0 diagram describes the A0 function with detailed

child functions (A1, A2, A3, …).
·

The A1, A2, Ax diagrams could contain detailed child

functions: (A11, A12, A13, ...), (A21, A22, A23,..) ,
(Ax1,Ax2,Ax3,..) respectively.
·

There can be as many diagrams as needed under any

function. The level of depth depends on needed detail to be
captured in the model.
Order of boxes
in any diagram

The order of boxes from left to right does not necessarily
imply time sequence.

Table2:IDEF0 language symbols and concepts. Source: (US Air Force, 1982)

To represent any function, IDEF0 could be used to model at the simplest level with the
following elements: A box that defines the action, function, or process; an input; output; control;
and mechanism (ICOM) (Figure 2-a) Any action or function could have one or more ICOMs on
each side (Figure 2-b).
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(a)

(b)
Figure2: IDEF0 Basic elements. adapted from: (US Air Force, 1982)

A process can be simply and consistently defined through its ICOMs. The way to interpret any
IDEF0 activity or function is as follows: An action is performed by mechanisms that transform
inputs to outputs, subject to controls.
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To illustrate the capacity of this language to capture detail at any level, an illustrative
example follows, one of modeling a simple process of making a peanut butter and jelly (PB&J)
sandwich.
To make a PB&J sandwich (function) a cook and kitchen counter are used (mechanisms)
to transform food ingredients, plate and utensils (inputs) into a PB&J sandwich , soiled utensils,
and some waste (outputs) subject to the constraints and limitations of the environment, consumer
preferences, cook factors, and resource inventory state (controls). The IDEF0 A-0 diagram of the
PB&J model is shown in Figure 3.

Figure 3: IDEF0 Diagram A-0 is a high level representation of making a PB&J sandwich

If further detail is needed, a child diagram for A-0 can be created. That diagram is called
A0. (Figure 4). Functions A1, A2, A3, and A4 interact with each other through the
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interrelationships between them. The shadows behind boxes A2 and A3 mean that there is a
detailed diagram for each one of them. The complete detailed model can be found in Appendix C.

Figure 4: IDEF0 Diagram A0 represent a second level representation of making a PB&J sandwich
Its usage in emergency-related modeling

Disciplines in which the IDEF0 language could be used are very diverse . It has been
used to model emergency-related processes and its application in emergency management has
been highlighted in a relatively recent study in Italy by Bevilacqua, Ciarapica and Paciarotti
(2012).The IDEF0 technique was found to be able to “provide a clear view of the whole system, a
communication system between emergency actors, a rich information source and a structured
base for the re-engineering”. In their study the technique was used to model civil protection
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department activities with respect to general management of risk on both local and national
levels. (Bevilacqua et al., 2012)
This study was very important as it relates to concerns with existing comprehensive
emergency management modeling techniques covered in the previous chapter. Some worthy-tomention highlights about it were (Bevilacqua et al., 2012):
1. Emergency system analyst, developers, and users had enhanced communication using
IDEF0 representation.
2. IDEF0 provided a consistent and complete model for functions that was used in
“public information chain in an emergency and the relationships and data that support
the integration of those functions.”
3. IDEF0 provided an easy-to-understand description of a system because of its ability
to provide systematic and sequential representation. It is important to note that IDEF0
does not necessarily explicitly represent the sequence of system functions. However,
Bevilacqua et al. used IDEF0 in a special way to represent sequence. This approach
allowed them to omit flow diagrams and only use IDEF0 to capture both sequence
and detail in the system of interest.
The study was done for business process re-engineering (BPR) and gave a good
indication of how several IDEF0 features were useful to model an emergency process in its as-is
and to-be forms in an interactive manner that allowed different stakeholders to analyze and
improve the process. However, the study did not approach emergency management theory or
modeling from a comprehensive perspective and was targeted to facilitate performing BPR on the
specific application of interest.
Another related application, the initial motivation for this study, was the use of IDEF0 to
model an emergency cesarean delivery (ECD). The author contributed to the modeling effort
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at Oregon State University3. The project was targeted to develop a product for the preparation for
an ECD. A prototype ECD Facilitator (ECDF) was developed to summon the team, gather
relevant patient and equipment information the team would require, and guide the team to prepare
both the patient and operating room in order to start the operation in a timely manner.(Lee,
2007;SBIR.gov, 2012)
The ECDF project included interviews and focus groups with cesarean delivery SME’s in
order to model the process Using IDEF0. The model was then used to develop requirements for
the ECDF.
Figure 5 shows an ECD IDEF0 diagram for the ‘Prepare team’ function A31.

Figure 5: An ECD IDEF0 Diagram for ‘Prepare team’ function

3

The study was part of a subcontract for NIH SBIR grant awarded to Bauer Labs LLC
(NIH grant contract number: 1R43MD007121-01A1).
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The IDEF0 Emergency Management Model
IDEF0 was used in the in this study to model the EM functions. The initial IDEF0 toplevel diagram and some of its child diagrams were drafted using informal interviews, discussions,
case study reviews, and personal analysis of such resources. The initial framework was reviewed
through informal interviews with experts and reviews of case studies of emergency management
incidents.
In order to refine the initial framework, the author considered the following questions:
●

Is there any activity or function missing from this level?
○

●

Would such activity be contained by any of the existing activities?

What is the purpose of this activity in terms of its transformation of inputs to outputs?
○

Are there any missing resources that the activity needs to use?

●

Are there any factors that influence the quality of the outputs of this activity?

●

Are there any factors that contribute to the state of this activity in terms of how it is
performed or when it starts?

●

What are the means used to accomplish the activity in terms of human resources,
equipment, tools, etc.?

●

Is there more detail or abstraction necessary for the framework?

●

How do the existing activities interact with each other? Would any of the ICOMs of one
activity match to an ICOM of another activity?

●

Could the failure in a case study be pinpointed within one of the existing activities or
their relationships (ICOMs)? If not, what is the missing activity or missing relationship
that would have mitigated or prevented such failure?
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Using these questions the finished framework was constructed. A brief description of the
model is provided here. The A-0 diagram was developed to allow a top-level representation of an
emergency management system (Figure 7).

Figure 7: A-0: Comprehensive emergency management system. Diagram showing the Proposed
Functional Comprehensive Emergency Management framework at its top level.

The A-0 diagram shows two functions: 1) Manage emergency (A0) which is the scope of
interest of the model, and 2) Evolve emergency incident (A*2) which is out of the scope of
interest of this model. A*2 was included in the model to capture interactions between the
disaster/emergency itself and the EM process.
A0: Manage Emergency function
In IDEF0 terms, managing an emergency is done by EM stakeholders and technologies.
They transform subjects vulnerable to an emergency incident and risks of the incident into
subjects recovered from incident impact, reduced vulnerability to the incident, and a managed
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incident. This transformation is subject to the environment (incident state), available knowledge,
and resources available to manage emergencies.
The reader is encouraged to track this definition (along with other definitions of any other
function/box) using the following generic statement:
A function is performed by mechanisms, which transform inputs into outputs, subject to controls.
An illustrative example for this is the following description of mitigating building fires
from a fire marshal’s perspective:
A fire marshal uses mechanisms: (such as investigation and data recording tools). Their
work in managing fire emergencies in buildings happens by transforming inputs:
1) Subjects vulnerable to a fire (building occupants), and
2) Risks of a fire.
into outputs:
1) Reduced vulnerability to fire incident(s),
2) Recovered subjects from fire impact, and
3) A managed fire incident.
Fire marshal work in emergency management is subject to the following controls:
1) The environment (incident state),
2) Available knowledge, and
3) Resources to manage an emergency.
A*2: Evolve Emergency Incident Function
To account for the disaster or emergency that EM seeks to manage, that process – natural
or man-made - itself must be modeled.
To define this function in a manner like the one used for A0, this function could be as
follows:
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The function of an emergency incident transforms a normal state into risks of incidents
and environment in an incident or approaching incident occurrence. The function is performed by
actors and resources for incident evolution and is subject to emergency management actions and
conditions for emergency evolution.
This function could be done by either of human, natural, technological, or a combination
of hazards. Thus, the mechanism ‘Resources for incident evolvement’ should consider any
actor(s) that induce an emergency to start or evolve. In the tsunami that hit the Fukushima nuclear
power plant after a major earthquake that struck Japan in March 2011, such resources were the
tectonic plates and sea waves. However, more resources came into play when the situation
deteriorated, (another emergency incident evolved), a melting core became a resource for the
disaster evolution.
An important note about the interaction between these two functions, and many others
that will follow is that emergencies and emergency management functions could happen more
than once in a short period of time. Thus we could have A0: manage emergency happening
multiple times for different risks and different vulnerable subjects (different instances of inputs).
This phenomenon is not represented explicitly in IDEF0. The reader is encouraged to think of it
as layers of the same diagram. Each layer is related to different instances of functions, inputs,
controls, outputs, and mechanisms.
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A0: Manage Emergency Diagram
A0: Manage emergency is detailed in Figure 8) Refer to Appendix A page 5 for a bigger
version of it. In this diagram the ‘Manage Emergency’ function is modeled in further detail where
ICOMs enter the diagram into specific sub-functions: prepare, predict, protect, respond, and
recover, shown as A1, A2, A3, A4, and A5 respectively, in figure 8.

Figure 8: A0: Manage emergency. Diagram showing ‘manage emergency’ function in the Proposed
Functional Comprehensive Emergency Management framework.

In the following pages activities A1, A2, A3, A4, and A5 are briefly described according
to their representation in the IDEF0 model. As most inputs, controls, outputs, and mechanisms
(ICOMs) repeat in A1 through A5, italic font is used to highlight differences between these
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activities. It is encouraged to visually inspect Figure 8 or Appendix A page 5 while reading the
following 5 sections.
A1: Plan/Prepare for emergency management
This function is performed by emergency management stakeholders and technologies by
transforming risks of an incident and vulnerable subjects into 1) prepared checklists, procedures,
and policies, and 2) trained stakeholders for emergency management.
This process is subject to environment, resources to manage and plan for an emergency, and
available knowledge to stakeholders.
In the case of a nuclear power plant, this would include all activities that the government,
plant designers and operating company, safety officers, etc. have done to generate checklists,
procedures and policies on how to protect, respond to, and recover from a specific disaster. In the
Fukushima nuclear plant disaster, this function would be applicable to checklists, procedures, and
policies with respect to earthquakes, tsunamis, floods, power outages, core meltdown, reactor
explosion, radiation leakage, and environmental contamination and any other emergencies that
the reactor was vulnerable to. (Kurokawa, 2012)
It is worthy to note here that the Fukushima nuclear plant disaster has already happened.
Risks and hazards related to the disaster occurrence and its aftermath did exist on and before
March 2011 (Kurokawa, 2012). We are today describing the situation in retrospect. An important
element about major disasters is that they do not happen because of what we know or expect.
They tend to happen because of what we do not know or expect.(Taleb, 2007)
A2: Predict potential incidents, corresponding consequences and socio-technical behavior
This function transforms the following inputs:
1) Prepared checklists, procedures, and policies.
2) Trained stakeholders for emergency management.
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to produce the following outputs:
1) Expected incident occurrence.
2) Expected effects and vulnerability to incident occurrence.
3) Expected needs of recovery.
This function is performed by emergency management stakeholders who are concerned
with predicting expected needs, incident occurrence probability, and vulnerability to incident
occurrence.
This function is controlled by various factors such as the environment, resources
available to perform prediction activities, and available knowledge that the predictors have.
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A3: Protect living beings and assets from incident risk
This function transforms the following inputs:
1) Prepared checklists, procedures, and policies.
2) Trained stakeholders for emergency management.
3) Expected incident occurrence.
4) Expected effects and vulnerability to incident occurrence.
5) Risks of incident(s).
6) Vulnerable subjects to emergency incident.
to produce the following outputs:
1) Prevented incident occurrence
2) Eliminated risks of potential incident occurrence
3) Mitigated (reduced) risks of incident occurrence
4) Mitigated, avoided, and/or prevented risks of incident and impact effects.
5) Protected subjects.

This function is performed by emergency management stakeholders who are concerned
with performing protection actions. Protection might be confused with ‘Mitigation’ in other
frameworks or ‘Response’. As its outputs described above show, it is about reducing vulnerability
with respect to incident occurrence and risks; it is the proactive action that protects people and
assets from a potential or imminent incident.
This function is controlled by various factors such as the environment, resources available to
perform prediction activities, and available knowledge that the protectors have.
A4: Respond to incident
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This function transforms the following inputs:
1) Prepared checklists, procedures, and policies.
2) Trained stakeholders for emergency management.
3) Expected incident occurrence.
4) Expected effects and vulnerability to incident occurrence.
5) Risks of incident(s)
6) Vulnerable subjects to emergency incident
to produce the following outputs:
1) Mitigated risks of incident impact.
2) Eliminated risks of incident impact.
3) Avoided risks of incident impact.
4) Managed incident.

This function is performed by emergency management stakeholders who are concerned
with performing response actions. As its outputs described above show, it is about reducing
vulnerability with respect to incident impact; it is the reactive actions against the incident
(‘managed incident’ output) or toward reducing risks related to the impact.
This function is controlled by various factors such as the environment, resources available to
perform prediction activities, and available knowledge that protectors have.
A5: Recover from incident impact
This function transforms the following inputs:
1) Prepared checklists, procedures, and policies.
2) Trained stakeholders for emergency management.
3) Expected needs of recovery.
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4) Expected effects and vulnerability to incident occurrence.
5) Protected subjects.
6) Risks of incident (future ones).
to produce the following outputs:
1) Mitigated effects of incident impact.
2) Eliminated effects of incident impact.
3) Avoided risks of incident impact.
4) Resilient subjects

This function is performed by emergency management stakeholders who are concerned
with performing recovery actions. As its outputs described above show, it is about reducing
vulnerability with respect to incident impact effects, it is the reactive actions against the incident
impact effects or toward increasing subjects resilience against future events.
This function is controlled by various factors such as subjects vulnerable to emergency
management, the environment, resources available to perform recovery activities, and available
knowledge that the recovery stakeholders have.
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Discussion: Comparing the proposed model to Disaster-Function
Management (DFM) basic principles
This chapter described a proposed comprehensive functional emergency management
(CFEM) model, a conceptual model developed using the IDEF0 language. That model meets the
requirements discussed at the beginning of this chapter for a functional disaster management
model similar to DFM. It also fulfills criteria for a disaster paradigm set by McEntire et al. (2002)
as it incorporate means to include
●

triggering agents,

●

functional areas,

●

actors, and

●

variables and disciplines pertaining to calamitous events.

Both triggering agents and variables pertaining to calamitous events are controls that can be
identified as starting cues for any function in the model. Functional areas were presented as
activities and functions in the model. Actors are presented as mechanisms in the model. However
further research is needed to examine the validity of the fulfillment of this criteria.
This model can be best compared to the disaster-function management (DFM) basic principles
introduced by Thorvaldsdottir et. al.(2014). The CFEM model represents and attempt to address
their recommendation to produce “an alternative model for the disaster life cycle and what
constitutes core functions of disaster-related activities”.
Missing gaps in DFM initial work that CFEM attempted to fill are as follows:
1. CFEM is a visual representation of a functional model for comprehensive emergency
management using a standard language.
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2. It provides in-depth detail that systematically identifies functional attributes and
relationships as inputs, outputs, mechanisms, and controls.
3. It provides a systematic way to facilitate consistency in theoretical and conceptual
definitions across emergency management disciplines.

The author acknowledges the contribution of Thorvaldsdottir et. al. in paving the road for
this model with basic principles that CFEM model should be based on.
Table 3 shows the relationships between CFEM, the DFM, and CEM. The major
difference between CEM and DFM disaster functions is the approach into mapping different
activities and operations of EM. CEM uses a phases approach whereas the DFM approach uses a
function based approach, which CFEM framework uses too. Some CEM activities are not
specified explicitly. Those missing activities are systematic learning, risk analysis, and pre-impact
operations (Thorvaldsdottir, 2014). CFEM functions map all CEM phases and DFM disaster
functions into five functions. Each of the five CFEM functions map to one or more of the DFM
disaster functions proposed by Thorvaldsdottir et. al. and one or more of the CEM phases at the
same time (Table 3).
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CFEM Functions

A1

A2

A3

Plan/Prepare for emergency
management.

DFM Disaster
Functions
Systematic
Learning

CEM Phases

Disaster risk
analysis

Risk analysis is
not a phase of
CEM

Disaster risk
mitigation
Operational
Preparedness

Mitigation

Systematic learning is also captured in A5.
(Appendix A page 13)

Predict potential incidents and
corresponding consequences and
socio-technical behavior

Protect living well-beings and assets
from incident risk

Respond to incident

Impact
Operations

A4

A5

Recover from incident impact

Rescue
Operations
Relief
Operations
Recovery
Operations

Systematic
learning is not a
phase of CEM

Preparedness
Not all
preparedness and
recovery
operations are
included in CEM
Pre-impact
operations is not a
phase of CEM
Response

Recovery

Table 3: Disaster Emergency Functions in CFEM versus DFM disaster functions and CEM phases.
Source of third and fourth columns: (Thorvaldsdottir et. al., 2014)

Table 3 shows the relationships between CFEM, the DFM of Thorvaldsdottir et. al.(2014)
and CEM. In addition to these relationships, CFEM provides a holistic overview of the interaction
between the process of disaster evolution and disaster management. This represents a higher level
of interaction among the disaster and all phases and functions described in this table.
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The previous section explained the guidelines that were followed to create CFEM as a
functional framework using the functional modeling technique IDEF0. The framework was
described using its proposed functions and function interactions. Finally, a comparison of CFEM
to disaster-function management basic principles was made, with a summary table that compares
proposed CFEM functions with both DFM disaster functions and the CEM phases framework.
The following sections of this chapter present the research questions relevant to validating the
framework and the methodology for conducting the validation.
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Research questions and research overview
Thesis Objectives
The objectives of this research were to develop the CFEM model and to evaluate the
potential usefulness in understanding emergency management functions for comprehensive
categories of hazards (technological, natural, civil, or mixed) and to understand in what ways this
model could be used to enhance learning and understanding of emergency management.

Thesis questions
To fulfill the stated thesis purpose, the following research questions were developed. The
main thesis research question is:
Does the proposed CFEM model provide a useful tool for EM managers, responders or
learners?
Under this main thesis question, three sub-questions were generated:
1. Is the proposed CFEM model an accurate representation of emergency
management?
2. Would the proposed CFEM model be useful in practice? How so?
3. What is the appropriate structure for such useful practice?

Research approach
To answer these sub-questions, the study had the following sub-objectives:
Sub-objective 1:
Validate if the proposed CFEM model is representative and useful to understand how
emergency management activities are practiced.
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Sub-objective 2:
Validate if the use of a formal functional model could be useful to facilitate student in
learning and understanding of emergency management processes and situations.
Sub-objective 3:
Develop an interpretive framework or approach that demonstrates such usefulness.
The main question and sub-questions were investigated by interviewing subject matter
experts (SME’s). The interviews were structured to cover the following areas and topics:
1. Representation of the model in a field of focus to SME’s. Is the model representative
of emergency management in the SME’s’ fields? Would they be able to describe a
familiar situation to their work using the model?
2. Applicability of the model to other fields of emergency management. Would the
SME’s be able to relate the model to other applications and fields they are familiar
with?
3. Need to customize the model. Is there field-specific functions that are only applicable
to only some cases?
4. Collective exhaustion of the model. Is the model comprehensive as to what needs to
be included? Is there anything that has been missed?
5. Mutual exclusion of the model functions, overlap or redundancy in the model. Is
there overlap between the model functions? If so, is such overlap useful and
necessary?
6. Taxonomy of EM functions. Exploring appropriate terminology and classification of
the model functions to understand whether the existing terminology adds clarity or
confusion. Is the existing terminology and classification of functions clear to
understand?
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7. Usability of the model in EM learning and training. Is the model useful for learning
EM operations/activities?
8. Comparison with existing models and frameworks. How does the model compare
with other models?
9. Capture participant reflective learning of model + Validate comprehensiveness of the
model. Did the participant understand the model? Is the model comprehensive in
capturing EM functions?
10. Compare to phase based model with respect to students learning. Is this model easy
to use to help students learn EM? How does it compare to phase-based models?
11. Suggested ways of learning for EM training. How could we use the proposed model
in training?
12. Applicability of the model for EM operations practice. Can this model be applicable
in EM operations?
13. Recommendations for content delivery. What is the recommended content delivery
method to be used for this model?

Interviews were transcribed and coded using an analysis method called grounded theory
that is discussed in detail in the following sections. The coding was performed to find patterns in
significant concepts and opinions across participants. These concepts were grounded in the
experiences and opinions of experts and were analyzed to provide answers to the research
questions.
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Validating the Comprehensive Functional Emergency Management Model
with Subject Matter Experts
Methodology
Overview of the Study Design
In order to gain helpful insights about the suggested model, in-depth interviews were
used to solicit feedback from subject matter experts (SME’s) as participants about the proposed
model. The interview were structured over two stages:
1. Participants were introduced to the suggested model. First, participants were introduced
to the IDEF0 modeling method as a conceptual modeling tool using a process example of
producing a peanut butter and jelly sandwiches. Then the proposed model for CFEM
itself was introduced in a high level overview of the first and second levels. Next, the
model was explained using the Fukushima nuclear accident as a case study. Participants
were encouraged to reflect with their thoughts, provide comments, or ask questions.
2. Participants were asked 23 open-ended questions (Appendix B). In addition to
introductory questions and discussion items about the model and modeling technique,
These questions fell into four main topics:
a. Framework comprehensiveness in representing EM fields.
b. Necessary changes to the framework.
c. Learnability of the framework.
d. Comparison of the framework to existing tools.
Example questions from each topic are provided in the data collection section below.
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Interviews were transcribed and transcripts were analyzed using a constructive grounded theory
approach to find potential answers to the research questions in participant responses.
Grounded Theory
Grounded Theory (GT) was found to be a suitable tool to properly test the suggested
framework against the research questions pertaining to the CFEM framework’s usefulness and
comprehensiveness. GT in its constructive form provides flexible guidelines for using principles
and practices that facilitate the researcher’s capability to investigate what qualitative data is trying
to suggest (Charmaz, 2006).
GT was used in this study to generate a grounded understanding of the framework with
respect to EM practice. GT was helpful in generating theoretical statements about using a
functional systems based framework. Such theoretical statements are related to the usefulness and
applications of CFEM framework. The GT approach helps to generate the theoretical statements
in a grounded approach driven by SME’s statements after being introduced to the CFEM
framework.
When originally introduced by Glaser and Strauss in 1968, GT was intended to help
explore the data to understand the basic social, social psychological, and socio-technical
processes described in a specific setting. However, it is argued that focusing on identifying the
basic process, when the process in reality is complex, could force the data into its basic form
rather than into a form that truly represents what the data is really trying to say. In other words,
focusing on the basic process could oversimplify a process that is inherently complex. Such
caveat can be considered against what GT is supposed to provide: to reflect what the data is
trying to say without forcing it into a preconceived framework. That means a researcher should
accept that we might not get straightforward answers to our inquiry about “what are the basic
social processes affecting the situation?”. According to Charmaz, leading pioneer in developing

54
the constructive GT, it should be acknowledged that understanding of social processes derived
from GT might not reach the clarity and depth we aim for. However, it can be assumed that
results reflect participants’ understandings and perceptions within the setting. (Glaser, 2004;
Charmaz, 2006).
To better capture a detailed understanding of a social process, questions like the
following ones suggested by Charmaz (2006), might be helpful in capturing more depth and to
help distinguish significant from trivial ideas:
●

From whose point of view is a given process fundamental? From whose
view is it marginal?

●

How do the observed social processes emerge? How do participants’
actions construct them?

●

Who exerts control over these processes? Under what conditions?

●

What meanings do different participants attribute to the process?

●

How do they talk about it? What do they emphasize? What do they leave
out?

●

How and when do their meanings and actions concerning the process
change?

The classical approach of using GT is often referred to as classic GT methodology, or
often called GLASERian GT. This approach provides means for researchers to generate an
inductive theory about a substantive area. Such means are an integrated set of systematically
generated conceptual hypotheses (Glaser, 2004). GT has been subject to criticism as a qualitative
data analysis (QDA) tool. QDA tools are often criticized for their accuracy, trustworthiness and
objectivity of the data collected. In that regard Glaser and Holton emphasize that the objective of
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classical GT is specifically: “To generate a conceptual theory that accounts for a pattern of
behavior which is relevant and problematic for those involved. The goal is not voluminous
description, nor clever verification.” It helps to guide a researcher to understand a new field
starting from data collection until reaching a finished written theory (Glaser, 2004). In this regard
the author would emphasize the role of GT in this study of an initial stage to produce a functional
model for comprehensive emergency management. It is to gain an initial understanding about
patterns and interactions that the suggested model is capturing. It is not a comprehensive
verification but an initial validation if the model is relevant, useful, and comprehensive according
to SME’s presented with the model.
Charmaz’s constructivist GT approach, in comparison to classical GT, assumes that any
theoretical rendering gives an interpretation of the studied world. It is a pragmatic approach to
build a construction of reality through a grounded theory that is built from implicit meanings and
experiential views we gain from research participants. It is viewed as methods that are flexible
guidelines rather than methodological rules, recipes or requirements. (Charmaz, 2006).
Criticisms of Grounded Theory
Both versions of GT, classical and constructivist, have come under criticism. Grbich,
summarizes the criticism with the following (Grbich, 2012):
●

The constructivist approach of GT is criticized by GT Classical approach advocates
because data is ‘forced’; in other words, the researcher’s view is being legitimized
through constructivism.

●

The Classical approach itself contains strong elements of constructivism in the way it is
structured.

●

There is a potential to lose the big picture with too much fragmentation of data in some
applications of GT. This weakness is observed specifically in the Straussian approach to
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GT, a modified approach is offered by Strauss (1987) after his original version with
Glassers.

Despite the above, GT is considered a methodology that allows an in-depth view into
particular contexts. Such a view provides an understanding of how situations are experienced and
defined by people. GT is considered best suited for research questions that relate to the interaction
between individuals and specific environments (Grbich, 2012).
The reason for using GT as a tool for this research was to help answer the research
questions with insightful answers from EM subject matter experts (SME’s). As the framework
was in its very preliminary form, the objective was to gain an initial understanding of what the
framework could offer in terms of its comprehensiveness and usefulness in capturing EM fields
and functions. Furthermore, GT was used to aid in understand the potential of the model in
facilitating learning about EM. Most importantly, GT was used to understand possible
applications for the model by listening to subject matter experts themselves.
To address Grbich’s critique, this study focused on the big picture and relating concepts
and codes to the stated objectives of the study. The use of GT in this research was inspired by the
constructivist GT approach. Specific attention to retaining the big picture was given by the
developed interview questions. The author as a systems engineer and systems thinker did focus
on the practical implications of using the proposed model in the EM field while collecting and
analyzing the data to relate gained knowledge from this research to the needs and gaps in research
identified in the literature. This was believed to mitigate risks of losing the big picture due to
using GT for this study. In the following pages the process of recruitment, data collection, and
analysis is explained.
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Recruitment
Recruitment for this study was done by calling for SME’s from the public health, disaster
and emergency management (EM), emergency medicine, and other fields relating to EM.
The call for participation was shared with contacts over email and through social
networking sites (i.e. Twitter, Facebook, LinkedIn). It was not possible to track the exact reach of
the call for participation, but the call for participants was directly shared with 1,177 contacts on
linkedin.com, around 1500 followers on twitter, and around 950 contacts on Facebook. From all
of those contacts who received the communication through social media, only one individual
downloaded the call for participants document. There was no specific question to participants to
identify how they received the call for participants communication.
The following recruitment criteria were included in the call for participants:
Any person who has any previous experience in:
●

Emergency management,

●

Emergency preparedness, or

●

Emergency response or recovery in any field.

Fields of interest include: Public health, disaster management, emergency medicine, counterterrorism, and security, and any other emergencies of any scale.
All of participants had training and experience in EM areas as professionals, except that
one participant was a para-professional volunteer in mountain rescue and otherwise met all the
qualification being asked for in the study.
Theoretical sampling was used in this study to have the best elaboration of the main
categories that could relate to research answers. Such sampling is done by collecting data from
participants or groups of participants that are yet needed to gain sufficient knowledge about the
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topic until comments and inputs from participants repeat themselves. In such case, theoretical
saturation is assumed and the researcher stops sampling. (Charmaz, 2006)
The study involved six participants at the time worked in or had experience in one or more of the
following EM functions:
●

County emergency management.

●

U.S. Army Chemical warfare.

●

Mountain rescue.

●

County Sheriff’s Office search and rescue coordination.

●

Wilderness First Aid Medicine instruction.

●

Survival skills instruction.

●

Urban Emergency Medical Technician (EMT) experience.

●

Operations leadership in a software company that builds tools for local EM and local
organizations that are recovering from disasters.

●

Port security

●

EM and risk management.

●

Authoring articles about EM for professional journals and opinion pieces for local,
regional and national newspapers.

●

Development and analysis of accident scenarios that help EM teams develop their
emergency plans.

●

Nuclear safety engineering management
It is worthy to mention that this list does not include all relevant fields of emergency

management. The following sectors are some not covered in the participants sample:
●

Emergency medicine.

●

Traffic and roads safety.
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●

Civil aviation accident and incident mitigation and investigation.

●

Cyber security.

Data Collection
Interviews of the six participants were audio recorded. Each participant was allowed to
ask questions and provide comments on any topic rooted to EM they desired.
Participants were introduced to 23 different questions/ discussions items.
The first set of discussion items were introductory questions and discussion items about the
model and modeling technique. These discussion items were:
●

The objective of this research.

●

IDEF0 Modeling.

●

The PB&J example.

●

The CFEM model.

●

Application of the CFEM model to the Fukushima nuclear accident.

The remaining questions fell into four research main topics:
1. Framework comprehensiveness in representing EM fields.
The following are examples of questions about framework
comprehensiveness:
●

Do you think this is a representative way to explain how
incidents are currently managed?

●

Does this model cover EM activities in your EM fields?

●

Is the proposed functional model components are mutually
exclusive. What is the impact of that on the usefulness of the
model.
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2. Changes to proposed framework.
The following are examples of questions about needed changes:
●

Are the proposed functional model components collectively
exhaustive (i.e. comprehensive) for EM activities?

●

Did we miss any activities, functions, or relationships in the
model?

●

Are there any overlapping activities or elements?

3. Learnability of the framework.
The following are examples of questions about learnability:
●

What would have made understanding this model easier?

●

Could you describe a case study or scenario you are familiar
through the use of this model?

●

Would you consider using this model in any format or form to
facilitate learning by your trainees, students, and employees?

4. Compare framework to existing tools.
The following discussion items are examples of questions comparing the
framework to other frameworks:
●

Can you discuss any existing models, tools, or procedures you
are currently using that might need to be included or applied in
this model?

●

Can you discuss any existing models, tools, or procedures you
are currently using that this model could replace?

A full list of questions and discussion items can be found in Appendix B.
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Unless requested by participants, there was no expectation of confidentiality or
anonymity about their participation or the content of their participation. If confidentiality was
requested, the researcher pledged to include their input without including personal identifiers in
publishing the content of the study. There were no participants who extended that request. Each
participant’s interview was recorded in two stages: The first stage introduced the comprehensive
emergency management model and the IDEF0 modeling technique. The second stage asked
participants questions that related to the four main topics. The full interview was transcribed by
an undergraduate research assistant who had been briefly familiarized with the research topic and
the proposed model.
Five out of six of the SME participants were interviewed in person. One participant was
interviewed over the phone. For this participant the proposed model was shared in a PDF file that
was viewed using the participant’s computer.
An additional follow-up interview with one of the participants was conducted during the
data collection phase. The purpose of that interview was to have a supplementary modeling
session that could help put more detail into the model for one of the functions (Function A5:
Recover, see Appendix A) that was not sufficiently detailed in the proposed model. Answers from
the follow-up interview were not coded or analyzed directly using grounded theory. However, the
content of that interview was used directly to update the model with respect to the relevant
function. The follow-up interview was found as a useful method to update the model in areas that
were not addressed in earlier interviews and was seen as important to consider by the participant.
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Data Analysis
Coding questions
After transcribing all interviews into a written format, the transcriber was asked to tag
each comment or answer by a participant. All answers and comments were tagged with a
corresponding code to research questions ‘A’ through ‘M23’ (Appendix B). Comments or
questions from participants during the first stage of the interview (introducing the model) were
coded as pre-interview with tags PRE1through PRE5. To have consistency among the study
participants’ answers, initial comments during the introduction stage were not analyzed in this
study. Hence, only codes ‘A’ through ‘M23’ were analyzed throughout this study, where all
participants were most able to reflect on their knowledge, understanding of IDEF0, and
understanding of the proposed framework.
After all questions and their corresponding answers were tagged with PRE1-PRE5 and AM23 tags, the author reviewed the tagging for accuracy. Then the transcriber was asked to
generate a reduced form of the transcripts containing only participants’ answers with their tags.
That allowed strict analysis of participant responses and statements. Word frequency analysis
was performed on the reduced form in order to only capture participants answers. The full
transcript, including questions and comments by the interviewer, was kept for reference and to
understand response context.
Open Coding: Coding participants answers.
Using the constructivist grounded theory guidelines of open coding, the author read all
participant answers and generated Open Codes that corresponded to topics, ideas, or concepts that
would relate to what the participant was trying to say. Here are some examples:
Example 1:
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“P5:

Then there’s a lot of technological phobia also. We’re targeting not the current

leadership who are hopefully retiring. This whole thing is going to be fixed a lot on the
people retire,...”
Open Code: ‘Leadership’.
Example 2:
“[M23] P4:

In the presentation side of things, especially just educating people on the

model, one thing is going to be examples. I know we’ve fallen into this trap before too.
When you say vulnerable subjects to emergency incidents, it always helps to bring up one
example of a vulnerable subject to emergency incident. Same thing goes for all your
other things. It’s like technologies, train stakeholders. I’m just looking at one page.
Examples always help, in my opinion. That’s teaching thing.
The other thing that typically helps for us is limiting the scope. Instead of providing
people with the whole enchilada all at once, you just step through it one at a time, you
review more as you go.
Different people are different, right? I’m just telling you what I like or what I think has
worked for me in the past. I think examples. The reason that your peanut butter and jelly
sandwich example worked really well is because you outlined what the anatomy of the
box was, more or less. Inputs, outputs, controls, and resources and stuff. Or actions, if
you will. Then you used something that everybody knew. That’s what always makes it
easier. When you dumb it down to a level where, this does this because of this.
Everybody’s like, “Yeah, of course it does. That makes sense.” Then you can take that
and you can run with it and apply it to different things. The more you can do of that, with
any of these areas ... Like if you’re saying you looked at A1-1, and you’re like, so the risk
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of incident management was this. If he’s just collecting data which feeds off this control
from ... Just taking one real world example and guiding it through typically helps.”
Open Codes: ‘Use of case studies’, ‘Learnability of the Model’.
These codes were identified and analyzed using NVivo, a software tool specialized to
help qualitative and mixed methods researchers organize and analyze their data. Figure 9 shows
an example snapshot of three different responses from participant 1 and participant 2 to probe
L22 (Would you consider it [the model] in any of EM practices or operations?). These responses
were coded with open codes. Corresponding open codes can be found on the right side of the
figure in the form of labeled vertical stripes.

Figure 9: Using NVivo software to identify open codes in the text. Coding stripes on the right
correspond to open codes in the text. Displayed answers correspond to probe L22: ‘Would you
consider it in any of EM practices or operations?’.
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Sorting open codes
The author used NVivo to sort and group responses based on the following: questions
across all participants, responses corresponding to open codes, and responses corresponding to
discussion topics. The author used that process to sort open codes depending on their frequency.
The following list of open codes was generated, arranged in decreasing order of frequency:
1. Complex
2. Framework
3. Training
4. Purpose of the model
5. Analysis tools
6. Communication
7. Use of Linear model
8. Other Frameworks
9. Capturing failures
10. Problems or Opportunities
11. Situational awareness
12. Mitigation
13. Comprehensive
14. Technology
15. Use of case studies
16. Scalability
17. Risk
18. Public education
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19. Reflection using the model
20. Resources
21. Terminology

The above codes appeared at least six times and in at least three different interview
transcripts. Codes that appeared less frequently than six times or across less than three transcripts
were excluded from this short list. The full list with its ranking is provided in Appendix D.
Open codes do not necessarily hold a specific value for the code. As an example, a
response coded with ‘complex’ does not necessarily imply that the model is too complex, lacks
complexity, or has the appropriate level of complexity. It rather basically captures if the response
is related to ‘complexity’ in any manner. To illustrate that. The following quotes are samples of
responses coded under ‘complex’:
“It is a very technical, or dry cut way of looking at an emergency situation.”
“I think what it is is a readily understandable model by people who are not involved in
emergency management otherwise so it’s simplified.”
“It seems too complex.”
“ I probably would suggest that this level of modeling is really for a complex, high-risk
technology.”,
“This is good if we want to have a debrief and analysis tool, but in the moment it might
not be as helpful, it might be more cumbersome as a mental tool to implement as things
are going on.”
Identifying Axial codes
According to Charmaz (2006), Creswell defines the purposes of axial coding as to “sort,
synthesize, and organize large amounts of data and reassemble them in new ways after open
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coding”. Charmaz furthermore explains this process as a process of relating categories to
subcategories and specifying properties and dimensions of a category in order to give coherent
meaning in the emerging analysis.
The shortlisted open codes identified in the previous section were analyzed again for
common meanings or categories. Such categories , axial codes, were identified as emerging
meanings that were identified within the responses of open codes.
Figure 10 shows all of the axial codes and all of the open codes each was related to. A
colored version of the figure is available in the electronic copy of this thesis.

Figure 10: Open codes mapped to axial codes. A color-coded mapping is available in the online
version of this document.
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To explain the relationship between open codes and axial codes in figure 10, the
following description explains how axial code ‘complex’ emerged to be an axial code,
Open code ‘complex’ was found in all transcripts with the highest total references (21
references). Other open codes were identified being associated with ‘complexity’ in one or more
reference (examples of such open codes are framework, training, purpose of the model, analysis
tools, communication, use of linear model, other frameworks, problems or opportunities,
comprehensive, use of case studies, etc). ‘Complex’ was identified as an axial code due to the
repeating theme of ‘complexity’ by itself or in association with the other open codes in many
references across all participants interviews. Figure 10 shows those open codes linked to
complexity through blue arrows in the colored print. Using the same pattern, other axial codes are
linked to the corresponding open codes they appeared in association with.
Identifying theoretical codes
The objective of this final stage of coding is to identify relationships between categories
generated in the focused (axial) coding (Charmaz, 2006). At this stage the following theoretical
relationships were identified from the axial codes by analyzing the corresponding transcript text
of each axial code. For each identified theoretical code, axial (focused) codes related to the
theoretical code are stated between brackets in italic:
1. In order to use an emergency management functional framework. There still
needs to be time-based frameworks to be used in conjunction with the functional
framework. This could be applicable to this model specifically and to any
functional model in general. [Complex, Purpose of the model, Framework]
2. Different levels of complexity in the functional model could be beneficial for
learning and understanding EM. This proposed model could facilitate this.
[Complex, Training, Communication, Use of Case Studies, Framework, Purpose of
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the model]
3. The Model establishes a way to have a comprehensive checklist of what should
be included in EM. [Complex, Training, Purpose of the model, Framework]
4. The model could facilitate communication across different teams and layers of
EM. [Purpose of the model, Communication]

The author identified these theoretical codes as potential hypotheses or theories that could
answer research questions, grounded in the data from the interview transcripts. The complete
grounded approach connecting open codes to theoretical codes is illustrated in Figures 11 and 12.

Figure 11: Grounded theory approach was used to analyze interview transcript and produce
candidate answers to research questions.
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Figure 12: Theoretical codes identified as possible relationships between axial codes. A color coded
mapping is available in the online version of this document.

Figure 11 shows the relationship between transcripts and answers to research questions.
First, interview questions were transcribed and analyzed for any concepts, and such concepts
were called open codes. Open codes were reviewed again for emerging axial codes that repeated
across different transcripts and showed a relationship between several open codes. Then
theoretical codes were identified by analyzing each axial code for a specific emerging concept or
‘theory’. Finally, the research questions were reexamined through the lenses of the theoretical
codes to investigate if there were candidate answers to research questions that emerged from the
interviews. Figure 12 shows the relationship between theoretical codes, axial codes, and open
codes identified in this study. Their relationships are drawn from analyzing corresponding
segments of the transcript. As an example, Theoretical code 1: ‘An emergency management
functional framework needs time-based models in conjunction with it. This could be
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applicable to this model specifically and to any functional model in general.’ was found from
axial codes: Complex, Purpose of the model, and Framework. As the context of these axial codes
provided such importance of using temporal models due to its simplicity and ease to learn and
recall other examples.
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Chapter 4: Results
This study used a qualitative approach to examine the potential use of a functional model
in emergency management. The qualitative approach of using grounded theory as a method of
analyzing SME interviews about the suggested model produced as main results four theoretical
codes. These theoretical codes are concepts or insights that provide possible explanations of what
the data is saying about the model, and eventually, what the data could provide as answers to the
research questions.
Theoretical codes generated using grounded theory do not necessarily guarantee a
sufficient answer to the initial research questions for this study. However, the author believes that
he found enough evidence of reaching sufficient theoretical saturation with respect to the research
questions. This theoretical saturation was reached with a sample of six SME participants.
This chapter examines how the data using grounded theory, answered the research questions. To
recall, the main research question for this study was:
Does the proposed CFEM model provide a useful tool for EM managers, responders or learners?
Under this question, the three sub-questions were:
1. Is the proposed CFEM model an accurate representation of emergency
management?
2. Would the proposed CFEM model be useful in practice? And how could it be
useful?
3. What is the appropriate structure for such useful practice?
The first research sub-question was:

Question 1- Is the proposed CFEM model an accurate representation of emergency
management?
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This question was not examined through the grounded theory approach. However, it was
examined directly from raw data. The results for this question were the deficiencies that the
participants noted in response to the following probes, and the subsequent changes made to the
model.
●

Validate if the use of the proposed functional model components are collectively
exhaustive (i.e. comprehensive) for EM activities.

●

Understand if the proposed functional model components are mutually exclusive. And the
impact of that on the usefulness of the model.

●

Investigate if any activities, functions, or relationships in the model were missing?
○

If answered yes, the researcher asked follow-up questions to check about mutual
exclusiveness of proposed missing element with existing elements.

●

Investigate if there is any overlapping activities or elements.
○

If answered yes, the researcher asked follow-up questions to verify how the
elements are overlapping

●

If a participant asks the researcher about specific model activities or reasons of naming a
specific activity, the researcher will explain the rationale of that when developing the
model and will ask the participant about their evaluation about the accuracy and precision
of that decision.

●

Following up the above questions and probes, the researcher asks for any case studies or
scenarios the participant could recall to demonstrate their answers.

The model was updated accordingly using feedback provided from participants through
the above probes. The updated framework is provided in Appendix F. The updates can be
summarized as follows:
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1. Renaming the A1 function in the A0 diagram. A1 changed from ‘plan/prepare for
emergency management to ‘prepare for emergency management’.
2. Detailing A5 diagram functions. The following functions were introduced: Perform
recovery actions, identify needs, organize information, and manage resources. The
function titled ‘enhance subjects and managers learning’ remained in the framework.
3. Eliminating the diagrams A2, A3, and A4. Despite the initial effort to detail these
activities, it was not possible to verify them during the participant interviews.

The study did not provide sufficient evidence to prove if the original CFEM model
(Appendix A) was an accurate representation of emergency management, but it did yield a model
of greater accuracy, consistent with participants’ suggestions and comments.
Interviews with SME’s provided feedback on the model that enhanced its accuracy and
representativeness from their point of view. Further work in the form of focus group modeling
sessions is advised to validate the updated framework for its accuracy and representativeness to
different EM fields.
The second research sub-question was:

Question 2- Would the proposed CFEM model be useful in practice? And how could
it be useful?
Responses from participants indicated potential uses for the model. The answers to this
question were the following theoretical codes:
Theoretical code 1: An emergency management functional framework needs time-based models
in conjunction with it. (i.e. complementary to time-based tools) This could be applicable to this
model specifically and to any functional model in general.
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The SME’s interviewed repeatedly stated the importance of time-based models,
especially in situations such as training beginners and time-sensitive emergency response
operations. However, this theoretical code emphasizes that a functional model could provide
some benefits to the emergency management field side-by-side with temporal (time-based)
models. This theoretical code provides a potential insight for EM modeling and practice: a
functional framework is potentially viable to understand and analyze EM, but it does not
necessarily replace the use of time-based frameworks. Is the proposed CFEM model useful? This
theoretical code suggests the following answer: Yes, if used with existing time-based frameworks
rather than instead of them.
Theoretical code 2: Different levels of complexity in the functional model could be beneficial for
learning and understanding EM. The proposed model could facilitate this.
This insight provides an attribute important to consider with respect to evaluating the
CFEM model usefulness. This code does not necessarily verify the usefulness of the model in
practice. However, the data show that the complexity in the model is a factor to be considered
when applying the model. One participant identified that examining complex case studies could
add value to an audience learning about emergency management:
Personal opinion here, we always go back to the basic simple one. But give me a
complex one, and how does this work?.........bringing in a complex audience targeting
example, it keeps the audience interested and they can then apply it in their daily life,
because we only see the simple, easy to describe ones. You led me right, starting with the
peanut butter, then we went into this, which is related to my knowledge, then I actually
provided some examples to help me connect the dots.
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Emergency management systems are complex and nonlinear in how they work. This
functional model might facilitate such realization with learners. Hence it is acceptable to claim
that the model serves as a useful framework.
Theoretical code 3: The Model establishes a way to have a comprehensive checklist of what
should be included.
This insight introduces an important aspect that this model could facilitate: evaluating
completeness of an emergency action plan. The model could work as a facilitating tool to produce
checklists requirements. In line with this concept IDEF0 has been used in previous studies to
identify vulnerabilities in a system or a process (Funk et. al., 2010). This theoretical code
suggests the following answer to the question: The proposed CFEM framework could work as a
framework to generate checklists to evaluate emergency management systems. The framework is
therefore useful.
These theoretical codes suggest that the answer to sub-question two is that the framework
can be useful in practice. Such use should have traditional phase-based framework in conjunction
with it. And the suggested use relates to capturing complexity and generating comprehensive
checklists.
The third sub-question was:

Question3 - What is the appropriate structure for such useful practice?
All four theoretical codes provide potential insights to this question.
Theoretical code 1: An emergency management functional framework needs time-based models
in conjunction with it. This could be applicable to this model specifically and to any functional
model in general.
This theoretical code identifies the potential to use functional frameworks to complement
temporal models. Several challenges with phase-based models have been identified in the
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literature and were mentioned in Chapter 2. Some of these issues could potentially be addressed
by a functional framework. An important issue was that both researchers and practitioners have
not agreed on universal definitions for EM phases (Neal, 1997; Baird, 2010). This challenge
could potentially be addressed by an IDEF0-based functional model. The author suggests that
such a model would allow consistent and universal discussion around defining emergency
management system components through a systematic approach of defining any function through
its inputs, outputs, mechanisms, and controls. With this regard, it is worth mentioning that neither
the proposed model nor the revised one provide robust definitions for emergency management
functions. However, it demonstrates how such definitions could be realized using IDEF0
modeling. Such an approach is comparable with the argument that functions outputs should relate
to the definition of a disaster, as was suggested by Thorvaldsdottir (2014).
Theoretical code 2: Different levels of complexity in the functional model could be beneficial for
learning and understanding EM. This proposed model could facilitate this.
This theoretical code does not suggest a direct and straightforward proposal of a useful
structure of using CFEM model in practice. However, it suggests considering the ability of the
CFEM model to work as a framework to facilitate understanding emergency management
systems from a functional-systems point of view. There could be a valuable benefit of using the
complexity of this model to capture, or in better words facilitate capturing, critical elements in an
EM system under investigation.
The way to use complexity is not necessarily suggested by this theoretical code.
However, there were some valuable suggestions presented by some SME’s who participated in
the study.
A suggestion that two participants mentioned was to build an interactive tool that utilizes
IDEF0 for learning and training. According to one of the participants such a tool could “help
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[build] an understanding on what’s going on and what are the effects of different variables into
the end result of the system.” Another participant suggested a way to do that would be through a
simulation program or activity. “I think what you could do is to do simulation, mask this all out I
suppose by the program [….] and then just make the interactive aspect of it digitally happen.”
Theoretical code 3: The model establishes a way to have a comprehensive checklist of what
should be included.
This code suggests the use of the model as a way to evaluate a system through generating
checklists. As one participant explained: “This would be a really good way to help them make
sure that they cover all of those different pieces.” The model lends itself as a tool that could help
in verifying whether or not a system includes all functions or activities necessary for its
successful operation.
This finding is consistent with earlier research done using IDEF0 modeling to identify all
activities in a pharmacy warehouse in Italy (Bevilacqua, 2015). Furthermore, IDEF0 has been
used to identify vulnerabilities to human error in laparoscopy (Funk et. al., 2010). It was also used
as part of human-machine systems engineering methodology (HMSEM) to model flight deck
tasks to understand systems vulnerabilities for pilot error (Funk, 2009).
These studies using IDEF0 support theoretical code 3 as a potential candidate to explain
how the model could be used in emergency management. This finding is also consistent with an
earlier study that found IDEF0 to provide a consistent and complete model for functions used in
“public information chain in an emergency and the relationships and data that support the
integration of those functions.”(Bevilacqua et. al., 2012)
Theoretical code 4: The model could facilitate communication across different teams and layers
of EM.
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This theoretical code suggests that IDEF0 is potentially valuable to enhance
communication. This is also supports the previous study that found emergency system analyst,
developers, and users experienced an enhanced communication using IDEF0
representation.(Bevilacqua, 2012)
Groups comprised of emergency managers, first responders, public officers, fire
departments, etc. could work together to use IDEF0 to detail A0, A1, A2, etc. thereby facilitating
communication about emergency preparedness and response procedures.
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Chapter 5: Discussion and recommendations
To summarize the contributions of this thesis, It successfully provided the following:
1. A framework developed using a functional systems approach that provides a conceptual
model of comprehensive emergency management.
2. A methodology to generate a comprehensive framework based on functional systems
approach.
3. A literature review of existing work done pertaining to comprehensive emergency
management frameworks. The review compared existing work with the framework
developed in this thesis.
4. Research questions about the usefulness and applications of CFEM framework
Upon developing CFEM framework and generating research questions about usefulness and
application of such framework, the thesis also successfully provided the following:
5. Evaluation of the proposed CFEM framework
6. A grounded theory approach to generate a theory about using functional systems based
framework for comprehensive emergency management.
7. Four theoretical statements to understand the usefulness and applications of a CFEM
framework.

These themes provide at least preliminary answers to the research questions. They require
additional verification, but these answers presented below provide a pathway for focused future
research.

Does the proposed CFEM model provide a useful tool for EM managers, responders or
learners?
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The proposed CFEM provides a tool that could be useful within specific considerations
and situations. The study suggests that the usefulness of the tool could happen under the
following considerations:
1. The CFEM model is used side-by-side with time-based models. (Theoretical
code 1).
2. Attention to the appropriate level of complexity should be considered for the
application and audience. (Theoretical code 2)
3. The CFEM model could be valuable as a way to generate system checklists.
(Theoretical code 3)
4. The CFEM can be used to enhance communication across different teams and
layers.

Discussion
These findings are consistent with previous literature regarding the use of functional
modeling in emergency management and IDEF0 in emergency management.
Moreover, this study has explored unique ways to:
a. Model a comprehensive functional emergency management framework that provides
visual representation of sub-functions interactions.
b. Solicit subject matter expert input about the model of a comprehensive emergency
management as a framework that could be valuable in practice.
c. Identify beneficial uses of an abstract model/framework through the use of a grounded
theory approach.
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The proposed CFEM model is not necessarily the most accurate representation, but the
approach of soliciting SME feedback and revising the framework using IDEF0 modeling was
demonstrated as a method to gain enhanced accuracy.
With respect to research sub-question 2 relating to understanding if, and how, the
proposed CFEM model can be useful in practice, the CFEM model was found of potential benefit
in practice with respect to several applications: capturing complexity, generating checklists,
facilitating communication, and complementing time-based models for analysis and learning.
These aspects are considered as directions for further studies to apply and evaluate the model in
practice.
With respect to research sub-question 3 relating to the appropriate structure for such
useful practice, this study provided some suggestions that are grounded by the data found in
interviewing subject matter experts. These suggestions were mentioned earlier as potential ways
to use the model as perceived by participants. The author encourages the community to consider
these suggestions along with any other potential uses that fit their research or practice needs. This
framework was developed and explored with hopes that it would provide a valuable resource to
help understand emergency management and gain the tacit knowledge required to ensure reduced
vulnerability to approaching both big and small disasters.
This study was an exploratory study and is not conclusive. The author believes that the
design of the study and choice of grounded theory were crucial to explore the potential benefit of
a developing framework in its infancy. Use of grounded theory could be frowned upon by some
scientists who might consider that preconceptions-free objectivity can only be reached by
quantitative research.
Grounded theory in this research entailed the risk of introducing preconceived ideas of
the researcher into the analysis and conclusions. However, it can be argued that preconceived
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theoretical concepts do not necessarily imply an automatic analysis of the data, but they offer a
way to start looking at the data (Charmaz, 2006). While analyzing the data, the author asked
himself some ‘safeguard questions’ Charmaz offered to analysts who use grounded theory to
interpret their data when faced with concepts from his own background and knowledge:
●

“ Do these concepts help you understand what the data indicate? If so, how do they help?

●

Can you explicate what is happening in this line or segment of data with these concepts?

●

Can you adequately interpret this segment of data without these concepts? What do they
add?” (Charmaz, 2006)

Grounded Theory was selected to fit the needs of a study concerned with building
statements of correlations between axial codes and defining important attributes for a useful
model. Further work is needed to identify if the work done in this study is suitable to build a
theory. In order to build a better theory for emergency management, it is recommended to
consider anomalies in the system behavior as an important factor (Christensen, 2006). For this
reason, qualitative and mixed methods are believed to be crucial to further the effort to identify a
useful framework for emergency management.
The model is not yet proven to be accurate. But is not necessarily not accurate, and, more
important, results of the study strongly suggest that is a useful. The evaluation of accuracy is
suggested through a future focus group modeling session. The benefit of having a group of
experts evaluating the accuracy of a model is that they will be able to provide different
perspectives and diverse angles into the comprehensive framework. Accuracy of a comprehensive
framework was hard to be evaluated in the setting of this study.
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The results of grounded theory analysis suggested some applications that stand as candidate
theories to be tested about how a functional comprehensive model can be useful. These theories
are yet to be tested with an accurate framework.
This research provided a step in the right direction toward understanding the role a
functional comprehensive emergency management framework would play if deployed in practice.
The functional framework developed through this research has useful applications. There may be
some room for improvement to further our understanding. However, the results this research
provided can be considered as a step in the right direction.

Recommendations
The following future research topics are suggested to reach the objective of an accurate
and useful emergency management framework. Future research is needed to validate theoretical
codes found in this study with a larger pool of experts from a wider range of emergency
management fields.
This research comprised an example of how IDEF0 can be useful to construct a
functional systems based framework. It is recommended to performing formal modeling sessions
with EM researchers and practitioners in order to identify the ‘right’ functions and relationships
that could be agreed upon. The use of IDEF0 is suggested to facilitate these modeling sessions.
In order to put the outcome of this research to practical use, it is recommended to explore
the uses of the model considering theoretical concepts of this study, specifically to evaluate the
use of this model.
1. As a complementary tool to the CEM time-based model,
2. In a way that facilitates capturing complexity in EM for learning or analysis situations,
3. In a framework that facilitates generating comprehensive checklists in EM operations,
and
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4. As a tool that facilitates communication across different teams and individuals in EM
training and operations.
As the issue of having consistent definitions and terminologies of EM processes and
activities remains unresolved, it is recommended to solicit EM expert input from various
interdisciplinary fields on the effectiveness of defining EM functions using their ICOMs in an
IDEF0 model.
Future work that can extend the benefits of this framework could be done through
providing more depth of subfunctions. This step needs to be taken with caution. The relevance of
the intended use from the framework should be considered when deciding on the appropriate
level of detail.
A verification of the outcomes of this research can be done by translating the basic
principles of the DFM model developed by Thorvaldsdottir et. al., (2014) into a formal IDEF0
model. Then a comparative study can be performed by verifying outcomes of this study using
their model.
Further research in using the framework to identify specific vulnerabilities is encouraged.
This can be done by using the CFEM framework accompanied with failure mode and effects
analysis (FMEA) in identifying vulnerabilities to human and technological errors in emergency
management. A similar approach of using IDEF0 modeling and FMEA was done by Funk et. al.
(2010).
There are some limitations to this research. The development of the framework was done
at an individual interview level rather on a group level. Using one-on-one individual level
discussions, the framework was built by having the author interview experts and participants and
read case studies. The modeling then was performed in a manner that was limited from a certain
aspect. Ideas were exchanged through the model but not through a group discussion. A focus-

86
group-facilitated modeling session could improve the quality of exchanging ideas pertaining to
modeling a comprehensive framework. This research has the limitation of not including groupbased modeling sessions. The implication of such limitation could result into a model that is not
based on elaborative and diverse thinking that is exchanged within a group of experts and
criticized in the same setting.
Another limitation of this research is in missing some fields of expertise in the
participants pool. Some of the fields that were identified as missing were emergency medicine,
traffic and roads safety, civil aviation and incident mitigation and investigation, and cyber
security.
In conclusion, this thesis answered the main research question ‘Does the proposed
CFEM model provide a useful tool for EM managers, responders or learners?’ with specific
applications and a direction that is relevant to EM practice as viewed by EM experts. This thesis
research provided a functional systems approach to build a conceptual framework for
comprehensive emergency management. The approach used IDEF0 as a modeling tool to create
the framework. The framework’s usefulness and applicability was verified through SME
interviews. Using a grounded theory approach provided theoretical concepts that highlighted
important features and considerations regarding the proposed CFEM framework. The research
community is encouraged to use this framework and the approach taken to develop this
framework further and to address theoretical and practical issues in the EM field.
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Appendix A

Proposed Func0onal Comprehensive
Emergency Management Model
(V:0.34-9/4/2014)
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Working

READER

DATE

Context

Draft
Recommended

1 2 3 4 5 6 7 8 9 10
Time: 13:50:16
Publication
C2
C1
C3
I1
I3
Resources to manage emergencies
Expected effects & vulnerability to incident occ...
Environment (Incident State)
Available Knowledge
Prepared checklists, procedures, and policies

Notify potential
victims
A31

Assess ongoing
situation and ongoing
protection
effectiveness

Eliminated risks of potential incident occurrence

O2

A32
Specific SMART objectives within specific tim...

*Perform
Planning P
Proccess*
A33

Mitigated/ Avoided/ Prevented risks of incident ...

* Implement Plan
*
A34

Prevented incident occurrence

O4
Mitigated (reduced) risks of incident occurrence
Reduced vulnerability to incident(s)

* Evaluate Plan *
A35

Technologies Emergency Management Stakeholders
Trained stakeholders for emergency management
Implementation technologies
M2

Node:

C6

Title:

I2

M1

A3: Protect living well beings and assets from incident risks

O1

Number: Pg 10

O3
O5
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Repository: ; Date: 9/4/2014
Used At:

Author:

Date: 7/10/2014

Repository:

Rev:

Draft
Recommended

Time: 18:24:48

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

x

Working

READER

DATE

Context

M1
Environment (Incident State)
Expected effects & vulnerability to incident occ...
Vulnerable subjects to emergency incident
Risks of incident
Available Knowledge
Prepared checklists, procedures, and policies
Resources to manage emergencies

C1

Expected incident occurrence

Develop operational
plan
A331

Develop Tactics plan
A332

Brief responders on
plan + Tactics +
Ongoing situation
A333

Notify
Responders
A334
Reduced vulnerability to incident(s)
Mitigated (reduced) risks of incident occurrence

Execute Protection
Mitigated/ Avoided/ Prevented risks of incident ...
measures
Prevented incident occurrence
Eliminated risks of potential incident occurrence
A335

Develop
Strategy
A336

Emergency Management Stakeholders
Technologies
Implementation technologies
Trained stakeholders for emergency management
M2

Node:

C12

M3

Title:

A33: *Perform Planning P Proccess*

Number: Pg 11

O5
O4
O3
O2
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Repository: ; Date: 9/4/2014
Used At:

Author:

Date: 5/27/2014

Repository:

Rev:

Draft
Recommended

Time: 16:48:47

Publication

Notes:

I3
I4

1 2 3 4 5 6 7 8 9 10

x

Working

READER

Expected effects & vulnerability to incident occ...

I5
I2
I6

Context

Avoided risks of incident impact

Expected incident occurrence

Eliminated risks of incident impact

Implementation technologies
I1

DATE

Mitigated/ Avoided/ Prevented risks of incident ...

Prepared checklists, procedures, and policies
Risks of incident

Respond sub-activities
(similar to A3 ; But
*incident* is the subject
rather than subjects?)

Mitigated risks of incident impact

Trained stakeholders for emergency management
Vulnerable subjects to emergency incident
A41

Comprehensive Emergency Management Syste...

Node:

C7

Title:

A4: Respond to incident

Number: Pg 12

O4
O3
O1
O2
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Repository: ; Date: 9/4/2014
Used At:

Author:

Date: 9/4/2014

Repository:

Rev:

Draft
Recommended

Time: 13:55:05

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

x

Working

READER

DATE

Context

C3
C4
C2
Resources to manage emergencies
Available Knowledge
Environment (Incident State)

M2
I2
I5
I3
C1
I1

Technologies

Mitigated/ Avoided/ Prevented risks of incident ...

Trained stakeholders for emergency management

Mitigated effects of incident impact

Vulnerable subjects to emergency incident

Reduced vulnerability to incident(s)
Recover the incident impact

Expected needs of recovery

Recovered subjects from incident impact

Risks of incident

Avoided effects of incident impact

Prepared checklists, procedures, and policies

Eliminated effects of incident impact
A51
Resilient Subjects

Enhance subjects and managers
learning

I4

Protected Subjects

Collect Data

A52

Plan Development And Testing
Monitor and Maintain
Emergency Management Stakeholders
Implementation technologies
M1
Node:

C8

Title:

A5: Recover from incident impact

Number: Pg 13

O1
O6
O2
O7
O4
O5

O8

103

Repository: ; Date: 9/4/2014
Used At:

Author:

Date: 7/9/2014

Repository:

Rev:

Draft
Recommended

Time: 16:34:17

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

x

Working

READER

DATE

Context

Environment (Incident State)
Resources to manage emergencies
Available Knowledge

Need for resource allocation

Allocated Resources

Allocate Resources

A0

Technologies
Emergency Management Stakeholders

Node:

C9

Title:

Allocate Resources

Number: Pg 14
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Repository: ; Date: 9/4/2014
Used At:

Author:

Date: 7/9/2014

Repository:

Rev:

Draft
Recommended

Time: 16:01:09

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

x

C1 C2 C3
Environment (Incident State)
Resources to manage emergencies
Available Knowledge

Deploy early
warning
system

Identified impact of vulnerability with existing ...

Working

READER

DATE

Context

Manpulated impact of vulnerability using early ...

A1

I1

Need for resource allocation

An unallocated space

Allocated space

Allocate
space

Allocated Resources

A2

Supplies budget

Provided supplies

Provide
supplies
A3

Undelivered message

Message delivered

Communicate
A4

An unsecured space

Secure space

Secured space

A5

An unallocated EMS budget

Allocate an
EMS budget

Allocated budget for EMS resources

A6

Emergency Management decision makers
Communication technologies
Emergency management operators
Documentation technologies
Implementation technologies
Emergency management response and recovery...

Node:

C10

Title:

A0: Allocate Resources

Emergency management subjects

Number: Pg 15

O1
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Repository: ; Date: 9/4/2014
Used At:

Author:

Date: 9/4/2014

Repository:

Rev:

Draft
Recommended

Time: 14:00:46

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

x

Working

READER

DATE

Context

Specific SMART objectives within specific tim...

*Perform Planning P Proccess*

A0

Node:

C13

Title:

* Perform Planning P Proccess*

Number: Pg 16
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Repository: ; Date: 9/4/2014
Used At:

Author:

Date: 7/10/2014

Repository:

Rev:

Draft
Recommended

Time: 18:22:54

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

x

Working

READER

DATE

Context

Risks of incident
Resources to manage emergencies
Prepared checklists, procedures, and policies
Available Knowledge
Vulnerable subjects to emergency incident
Expected effects & vulnerability to incident occ...
Environment (Incident State)

Expected incident occurrence

Develop operational
plan
A1

Develop Tactics plan
A2

Brief responders on
plan + Tactics +
Ongoing situation
A3

Notify
Responders
A4
Reduced vulnerability to incident(s)
Mitigated (reduced) risks of incident occurrence

Execute Protection
Mitigated/ Avoided/ Prevented risks of incident ...
measures
Prevented incident occurrence
Eliminated risks of potential incident occurrence
A5

Develop
Strategy
A6

Emergency Management Stakeholders
Technologies
Implementation technologies
Trained stakeholders for emergency management

Node:

C14

Title:

A0: *Perform Planning P Proccess*

Number: Pg 17
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Appendix B

List of interview ques0ons.
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Probe
code Question Code Q
PRE1

About the objective of research

PRE2

About IDEF0 Modeling
About IDEF0 Modeling using the PB&J
example

PRE3
PRE4
PRE5
N/A
A
1 A1

1 A1i

B
2 B2
3 B3
4 B4

5 B5

6 C

D
7 D7i

Topics

Main Topic

Introducing the model
to participants

About CEM model (Generically)
About CEM model (Using Fukushima
nuclear accident case study)
Unidentified
Validating if the use of the proposed
functional model is representative for any
specific emergency management field
Representation of a field
Do you think this is a representative way
to explain how incidents are currently
managed?

Follow up - Why or Why not? If
possible, could you cite examples or
case studies in mind to support your
response?
Validating if the use of the proposed
functional model is comprehensive for
a verity of emergency management
fields
Applicability to other fields
What is your specific field of
emergency management (EM)?
Do you have any experience in any
other EM fields?
Does this model cover EM activities in
your EM fields?
Are there any specific activities,
relationships, or elements that are
solely applicable to your field?
Need for customization
Validating if the use of the proposed
functional model components are
collectively exhaustive (i.e.
comprehensive) for EM activities.
Understand if the proposed functional
model components are mutually
exclusive. And the impact of that on the
usefulness of the model.
Did we miss any activities, functions, or
relationships in the model?

Framework
comprehensiveness in
representing EM fields

Collective exhaustion
Changes to proposed
framework
Mutual exclusion
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Probe
Main Topic
code Question Code Q
Topics
If answered yes, the researcher will ask
follow-up questions to check about mutual
exclusiveness of proposed missing
7 D7i
element with existing elements.
Are there any overlapping activities or
8 D8
elements?
Overlap or redunduncy
If answered yes, the researcher will ask
follow-up questions to verify how the
8 D8i
elements are overlapping
In this topic, the participant might ask the
researcher about specific model activities
or reasons of naming a specific activity.
When asked, the researcher will explain
the rational of that when developing the
model and will ask the participant about
their evaluation about the accuracy and
9 D9
precision of that decision.
Taxonomy of EM proceeses

10 D10

E
11 E11

12 E12
F

13 F13
14 F14
15 F15

Following up the above questions and
probes, the researcher might ask for
any case studies or scenarios the
participant could recall to demonstrate
their answers.
Validating if the use of the proposed
functional model is useful to understand
emergency management operations and
activities
Usability to learn EM operati
What would have made understanding
Learnability of the
this model easier?
framework
If I were to present to you a new case
study, would you rather that I present it
using this model, without using it, or using
another presentation method? why?
Compare the model with existing models,
tools, and procedures.
Comparison with other mod

Can you discuss any existing models,
tools, or procedures you are currently
using that might need to be included
applied in this model?
Can you discuss any existing models,
tools, or procedures you are currently
using that this model could replace?
A follow-up discussion might be prompted
to explain and elaborate the participant’s
answer.

Compare framework to
existing tools
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Probe
code Question Code Q

G
16 G16
17 G17

17 G17i
17 G17ii
17 G17iii

18 H18

19 I18

20 J20

21 K21
22 L22

23 M23

Topics

Main Topic

Compare the model to different case
studies or scenarios the participant is
familiar with.
Could you describe a case study or
scenario you are familiar through the use Reflect participant reflective
of this model?
Validate comprehensive of t

Follow up discussion might be
prompted to understand:
How easy was it for the participant to
explain the case study using the
model?
Did the participant response make them
change their answers to any of the
previous questions?
Would the participant suggest any
changes to the model after responding to
the last question.

Validate if the use of a formal
functional model is better than a
phase-based model for students to
learn about EM processes and
situations from participant’s
perspective.
Question participants about methods
of learning being used for emergency
management training.
Would you prefer functional based
models or phase-based models to
facilitate learning and practicing EM.
Would you consider using this model
in any format or form to facilitate your
trainees, students, and employees
learning about EM.
Would you consider it in any of EM
practices or operations?
What changes in content or delivery
methods would you recommend to
make this model effective?

Compare to phase based
model with respect to
students learning

Suggusted ways of learning

18+19

18+19+20
Applicability for EM operatio

Recomendations for content

Learnability of the
framework
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Appendix C

PB&J sandwich making IDEF0 model
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Repository: ; Date: 8/15/2014
Used At:

Author:

Date: 8/15/2014

Repository:

Rev:

Draft
Recommended

Time: 13:53:22

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

x

Working

READER

DATE

Context

Environment
Consumer preferences
Cook Factors
Resource inventory state

Food Ingredients

Plate & utensils

PB&J Sandwich Plate

Soiled utensils

Make PB&J Sandwich

Other resources

Waste
A0

Cook
Kitchen counter

Node:

C1

Title:

Number: Pg 1

Make PB&J Sandwich
For Official Use Only
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Repository: ; Date: 8/15/2014
Used At:

Author:

Date: 8/15/2014

Repository:

Rev:

Draft
Recommended

Time: 13:55:49

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

C2
C1
Consumer preferences
Environment

x

Working

READER

DATE

Context

C3 C4
Cook Factors
Resource inventory state

Dining room environment

I3

Other resources

Pen & paper

Determine
consumer
needs

Sandwich requirements

A1
Soap
I2
I1

Plate & utensils
Food Ingredients

State of bread inventory
Kitchen environment
State of jelly & peanut butter inventory
Plate
Cook with washed hands
Jelly and peanut butter
Prepare resources
Sliced bread
Knives
State of jelly & peanut butter
inventory
Cutting board
A2
Kitchen environment
Soiled utensils

Produce
sandwich

Waste
A3

O2
O3

PB&J sandwich(es)

Kitchen environment
PB&J Sandwich Plate

Arrange
sandwich on
platter
A4

Cook
M2
Node:

C2

Title:

Kitchen counter
M1
Number: Pg 2

A0: Make PB&J Sandwich
For Official Use Only

O1
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Repository: ; Date: 8/15/2014
Used At:

Author:

Date: 8/15/2014

Repository:

Rev:

Draft
Recommended

Time: 13:37:19

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

x

Working

READER

DATE

C5
C3
C2
State of jelly & peanut butter inventory
Cook Factors
Kitchen environment

I3

Food Ingredients

Jars of jelly and peanut butter

I1

C4 C1
State of bread inventory
Sandwich requirements

Obtain & open
jars
A21

Context

Jelly and peanut butter

O3

Cook cleaniness

Soap

Cook with washed hands

O2

Prepare Cook
Unwashed hands
A22
I2

Plate & utensils

Plate
Knives

Obtain supplies

Cutting board
A23

Bread

Sliced bread

Slice bread
A24

Cook

Kitchen counter

M1
Node:

C3

Title:

M2
Number: Pg 3

A2: Prepare resources
For Official Use Only

O1
O5
O6

O4
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Repository: ; Date: 8/15/2014
Used At:

Author:

Date: 8/15/2014

Repository:

Rev:

Notes:
1 2 3 4 5 6 7 8 9 10
C3
C1
C2
Cook Factors
Sandwich requirements
Kitchen environment

x

Working

READER

DATE

Context

Draft
Recommended

Time: 13:56:30
C4
State of jelly & peanut butter inventory

Publication

Quantity factor & pressure

I2

Sliced bread

Place bread on
cutting board

Bread on cutting board
Quantity factor & pressure
Time pressure

A31

I1

Soiled utensils

Spread jelly and
peanut butter

Jelly and peanut butter

O1

Bread with jelly or peanut butter

A32

Quantity factor & pressure
Time pressure

"Close" sandwich

Iffy PB&J sandwich(es)

A33

Quantity factor & pressure
Time pressure
PB&J sandwich(es)

Inspect sandwich

Quantity factor & pressure

O3

Ugly and failed andwiches
A34

Time pressure
Cook knowledge

Rework Sandwich

Scrap
Hopeless sandwich(es)

A35

Kitchen counter
Cook
Cutting board
Cook with washed hands
M3

Node:

C4

M2

M4

Title:

Knives
M1

Number: Pg 4

A3: Produce sandwich
For Official Use Only

Waste

O2
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Appendix D

Full list of open codes and their ranking
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Codes
Complex
Training
Purpose2of2the2model
Other2Frameworks
Communication
Use2of2case2studies
Analysis2tools
Problems2or2Opportunities
Mitigation
Situational2awareness
Risk
Reflection2using2the2model
Comprehensive
Resources
Capturing2failures
Use2of2Linear2model
Technology
Public2education
Scalability
Systems2thinkning
Termenology
ICS
Feedback2mechanisms
Management2Performance2Indicators
Role2dependent2information2sharing
Regulations
Use,of,simulation,in,training
Need2to2test2in2practice
Interactive2tool
Affirming2the2model2behaviour
Hazard
Involved2stakeholders
Prefer2existing2frameworks
Unexpected2events
Making2Decisions
Use2relevant2examples2to2audiance
Risks2Vs.2Hazards
Priotization
Sequential2pattern
Comand2Center
Realistic2Scenarios
Investment
Leadership
Memory2aid
Political2impact
Practice2to2communicate
Misanalyze

Open)coding)
rank
1
1
1
2
2
2
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
6
6

Total
21
16
14
12
10
8
16
12
10
8
7
7
6
6
12
12
8
7
7
6
6
5
4
3
3
6
6
5
5
3
3
3
3
3
2
2
3
3
3
2
2
1
1
1
1
1
1

P1
3
1
3
4
3
1
4
0
4
1
3
2
2
0
2
8
0
1
0
0
0
1
2
1
1
0
0
0
0
0
2
0
2
0
0
1
3
3
3
2
0
0
0
1
0
0
1

P2
2
2
1
1
0
2
0
0
1
0
0
1
0
1
1
0
1
0
1
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0

P3 P4
10
2
3
2
4
2
4
1
3
1
1
3
5
0
3
4
1
0
0
1
1
0
2
0
1
1
2
0
0
0
2
0
0
0
2
0
5
1
2
0
1
1
2
2
0
1
0
1
1
1
0
1
0
0
4
0
3
0
2
0
1
0
2
1
0
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
0
0
0

P5
3
6
1
0
1
0
1
1
4
1
1
2
0
1
0
0
3
4
0
2
4
0
1
1
0
0
5
0
2
0
0
0
1
0
0
0
0
0
0
0
0
1
1
0
0
0
0

P6
1
2
3
2
2
1
6
4
0
5
2
0
2
2
9
2
4
0
0
2
0
0
0
0
0
5
1
0
0
1
0
0
0
2
1
0
0
0
0
0
2
0
0
0
0
0
0

Number)of)participants)
without)this)code
0
0
0
1
1
1
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
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Appendix E

Revised Func0onal Comprehensive
Emergency Management Model
(V:1.0- 8/21/2015)
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Repository: ; Date: 8/18/2015
Used At:

Author:

Date: 8/18/2015

Working

Repository:

Rev:

Draft
Recommended

Time: 13:48:03

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

READER

DATE

Context

Comprehensive Emergency Management System
A0: Manage Emergency
A1: Prepare for EM
A11: Collect Data
A111: Pull knowledge from past expereinces
A112: Collect cues/indicators of risks
A113: collect cues/indicators of vulnerabililities
A12: Analyze available data about vulnerabilities and risks
A13: Assess capability
A14: Establish Commitment with stakeholders
A15: Draft plan
A16: Communicate proposed plan
A17: Practice Plan
A18: Assess alignment between different plans across various jurisdictions
A19: Allocate Resources
A191: Deploy early warning system
A192: Allocate space
A193: Provide supplies
A194: Communicate
A195: Secure space
A196: Allocate an EMS budget
A2: Predict potential incidents and corresponding consequences and socio-technical behavior
A3: Protect living wellbeings and assets from incident risks
A4: Respond to incident
A5: Recover from incident impact
A51: Perform recovery actions
A52: Enhance subjects and managers learning
A53: Identify needs
A54: Organize information
A55: Manage resources
A*2: Evolve Emergency Incident
Allocate Resources
A0: Allocate Resources
A1: Deploy early warning system
A2: Allocate space
A3: Provide supplies
A4: Communicate
A5: Secure space
A6: Allocate an EMS budget
* Perform Planning P Proccess*

Node:

Title:

Comprehensive Functional Emergency Management Mode

Number: Pg 1
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Repository: ; Date: 8/18/2015
Used At:

Author:

Date: 8/18/2015

Working

Repository:

Rev:

Draft
Recommended

Time: 13:48:03

Publication

A6: Allocate an EMS
budget 1 2 3 4 5 6 7 8 9 10
Notes:
* Perform Planning P Proccess*
A0: *Perform Planning P Proccess*
A1: Develop operational plan
A2: Develop Tactics plan
A3: Brief responders on plan + Tactics + Ongoing situation
A4: Notify Responders
A5: Execute Protection measures
A6: Develop Strategy

Node:

Title:

Comprehensive Functional Emergency Management Mode

READER

DATE

Context

Number: Pg 2

121

Repository: ; Date: 8/18/2015
Used At:

Author:

Date: 8/18/2015

Repository:

Rev:

Draft
Recommended

Time: 14:24:04

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

x

Working

READER

Resources to manage emergencies
Available Knowledge

DATE

Context

Conditions for emergency evolvement

Vulnerable subjects to an incident

Recovered subjects from incident

Reduced vulnerability to incident(s)

Manage Emergency

Managed Incident
A0

Normal state

Environment (Incident State)

Evolve Emergency Incident

Risks of incident

A*2
Technologies
Emergency Management Stakeholders

Node:

C1

Title:

Comprehensive Emergency Management System

Resources for incident evolvement

Comprehensive Functional Emergency Management Mode

Number: Pg 3

122

Repository: ; Date: 8/18/2015
Used At:

Author:

Date: 9/4/2014

Repository:

Rev:

Draft
Recommended

Time: 13:51:02

Publication

Notes:

1 2 3 4 5 6 7 8 9 10
C3

C1

x

Working

READER

DATE

Context

C2

Environment (Incident State)
Resources to manage emergencies
Available Knowledge
Prepared checklists, procedures, and policies

I2

Risks of incident

I1

Vulnerable subjects to an incident

Prepare
for EM

Trained stakeholders for emergency management
A1

Predict potential
incidents and
corresponding
consequences and
socio-technical
behavior

Expected needs of recovery

Expected effects & vulnerability to incident occ...

Expected incident occurrence

A2

Protect living
wellbeings
and assets
from incident
risks
A3

Prevented incident occurrence
Eliminated risks of potential incident occurrence
Mitigated risks of incident occurrence
Mitigated risks of incident and effects
Reduced vulnerability to incident(s)

O2

Mitigated risks of incident impact
Eliminated risks of incident impact
Avoided risks of incident impact
Managed Incident

O3

Protected Subjects

Respond to
incident
A4

Recover Avoided effects of incident
from incident
Eliminated effects of incident
impact Mitigated effects of incident
Recovered subjects from incident
Resilient Subjects
A5

Emergency Management Stakeholders
Technologies
M1

Node:

C2

Title:

M2

A0: Manage Emergency

Comprehensive Functional Emergency Management Mode

Number: Pg 4

O1

123

Repository: ; Date: 8/18/2015
Used At:

Author:

Date: 7/10/2014

Repository:

Rev:

Draft
Recommended

Time: 18:24:48

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

x

Working

READER

I1

Vulnerable subjects to an incident
Risks of incident

Context

C2
Group dynamics effects
Resources to manage emergencies

Training capability
Implementation technologies

I2

DATE

C1 C3
Environment (Incident State)
Available Knowledge

Missed data/knowledge (We don't know what ...

Collect
Data

Identified high vulnerable demographics

A11

Identified high risk *areas*

Analyze
available data
about
vulnerabilities
and risks

Developed intelligence about planning objectives

A12

Assess
capability
A13

Establish
Commitment
with
stakeholders

Identified responsibilities

Identified Capabilities

A14
Drafted plan

Draft plan
A15

Developed procedures
Established agreement on plan
Identified jurisdiction of responsibilities

Communicate
proposed plan
A16

Allocated time
Trained stakeholders for emergency management

Practice
Plan

O2

A17

Assess alignment
between different
plans across
various
jurisdictions

Prepared checklists, procedures, and policies

A18

Allocate
Resources

Need for resource allocation

A19

Emergency Management Stakeholders

Technologies

M1

Node:

C4

Title:

A1: Prepare for EM

Comprehensive Functional Emergency Management Mode

Number: Pg 5

Allocated Resources

O1

124

Repository: ; Date: 8/18/2015
Used At:

Author:

Date: 8/18/2015

Repository:

Rev:

Draft
Recommended

Time: 14:18:41

Publication

Notes:

1 2 3 4 5 6 7 8 9 10

x

Working

READER

DATE

Context

Pull knowledge from past expereinces

A111

Collect cues/indicators of risks

A112

collect cues/indicators of vulnerabililities

A113

Node:

C11

Title:

A11: Collect Data

Comprehensive Functional Emergency Management Mode
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