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Abstract
With increasing incidence of severe disasters, global policies and frameworks
have been shifting towards an emphasis on collaboration and community resilience. The
greater use of information systems to assist with disasters has prompted a need to
examine how technology can support collaboration and resilience. Hence, this thesis
aims to identify a set of requirements for a collaborative online asset mapping tool
through a requirement engineering process. A multiple case study design was used with
the objective of answering: (1) what are the functional, non-functional, and general
system requirements of an online asset mapping tool for disaster preparedness; (2) is a
standard “off-the-shelf” asset mapping application feasible for community development
and adaptive capacity building for disaster management; and (3) what are the potential
designs that can address the requirements?
The specific cases examined were The Region of Waterloo, Ontario and Truro,
Nova Scotia. The data from the cases was used to perform qualitative content analysis
combined with activity diagrams, to determine and analyze the requirements for an
online asset mapping tool to aid in disaster preparedness. The findings of the research
included shared requirements between the two communities that encompassed: system
purpose, system functionalities, user characteristics, and system requirements.
Furthermore, prototype user interface (UI) wireframes were developed using the
requirements results to show a potential design of an online asset mapping application.
This thesis research addressed the need to design a tool that facilitates all aspects of
the asset mapping process. Ultimately, this research builds the foundation to which
future research can examine the requirements to design and develop a citizen-oriented
tool to enhance community disaster resilience.
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Chapter 1: Introduction
In response to numerous disasters across the globe, there has been increased
interest in strategies to enhance adaptive capacity, and to improve community resilience
to local disasters. Many definitions of resilience exist; however, the United Nations Office
for Disaster Risk Reduction (UNISDR) defines resilience as:
“the ability of a system, community, or society exposed to hazards to resist,
absorb, accommodate and to recover from the effects of a hazard in a
timely and efficient manner, including through the preservation and
restoration of its essential basic structures and functions” (United Nations ,
2015, p. 24).

The importance of resilience in disaster preparedness is emphasized in the Sendai
Framework for Disaster Risk Reduction (SFDRR) 2015-2030 (United Nations , 2015).
The mandate of the committee tasked with developing the Sendai Framework was to
create a global disaster management blueprint for the next 15 years through multistakeholder consultations, including contacts with over 50,000 members of the public
(Deepak Vasa-Informit-RMIT Training, 2015).
In this framework, recommendations urge nations to focus on policies, plans, and
programs aimed at risk reduction and building resilience (United Nations , 2015).
Furthermore, the SFDRR recognizes that to build community resilience and reduce
disaster risk, programs require collaboration of the whole community including
government, private sector, civil society, and marginalized populations (D.V.I.R.T, 2015).
In this regard, the literature suggests that asset mapping activities can facilitate
collaboration among heterogeneous groups (Griffin & Farris, 2010) and an asset-based
approach is deemed more effective at reducing vulnerability and enhancing resilience
than the predominant needs-based approach to community development (Vatsa, 2004).
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Community asset mapping has been suggested in the literature as a strategy to
focus on assets as a means to facilitate inclusive collaboration and community
empowerment (Kramer, Amos, Lazarus, & Seedat, 2012). Asset mapping is a specific
strategy for community building that aims to identify and mobilize local resources to meet
local needs (Kretzmann & McKnight, 1996; Kramer, Amos, Lazarus, & Seedat, 2012). It
is defined by Kerka (2003) as “a process of documenting the tangible and intangible
resources of a community by viewing the community as a place with strengths or assets
that need to be preserved and enhanced, not deficits to be remedied” (p.3). Asset-based
planning exercises can lead to community cohesiveness (Mathie & Cunningham, 2003),
collaboration (Johnston, Becker, & Paton, 2012), disaster contingency planning
(Kuziemsky, O’Sullivan, & Corneil, 2012), and resource mobilization (McKnight &
Kretzmann, 1993). These activities are all important components for promoting
community resilience (O'Sullivan, Kuziemsky, Corneil, Lemyre, & Franco, 2014a).
Asset mapping exercises are conducted in many ways, these include pinpointing
assets on maps and creating paper-based lists (Woods, 2000; Foot & Hopkins, 2010).
These methods are human resource intensive and involve the use of face-to-face
conversations, surveys, storytelling, and knocking on doors to identify community assets
(Foot & Hopkins, 2010). The use of maps and paper have many limitations related to
portability, access, collaboration, and communication. Past research has shown that
online asset mapping application can provide an alternative, offering different platforms
for collaboration in this type of exercise (Kuziemsky, O’Sullivan, & Corneil, 2012). Online
asset mapping does not aim to reduce the human “face to face” interactions but rather
seeks to enable an efficient form of collaboration and management of assets to promote
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community resilience. This was demonstrated in The Enhancing Resilience and
Capacity for Health (EnRiCH) Project (O’Sullivan et al., 2014a).
This thesis research builds on the work of the community-based participatory
research (CBPR) of The EnRiCH Project, which contributed to the literature on the use
of collaborative asset mapping as a means to enhance resilience among high-risk
populations concerning disaster preparedness (O'Sullivan, et al., 2014a). The EnRiCH
Project included a collaborative asset mapping intervention phase using an online
prototype based on Google Docs. The data from this intervention provided an
opportunity to use an evidence-based approach to analyze requirements for an online
asset mapping tool. This is in line with global policy suggestions to examine how
information systems can support resilience (United Nations , 2015).
It is important to note that for technology to be effective and achieve its intended
outcomes, it is imperative to understand the requirements to ensure that information
systems meet user and environmental needs. The comprehension of requirements is the
first step toward building any software-based tool. It is estimated that 85% of defects in
developed software result from misunderstanding of requirements (Martínez Carod &
Cechich, 2005). Also, empirical research by Macaulay (1996) and Damian and Chisan
(2006) have shown that investments in requirements engineering can lead to many
benefits, including decreased errors, increased quality, and reduced risk of project
failure. Therefore, to address these issues, this research extends the work of the
EnRiCH collaborative asset mapping intervention phase to determine a list of
requirements for an online asset mapping tool through requirement analysis and
documentation components of the requirements engineering process. This research
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aims to build the foundation of an online asset mapping application that can be used to
determine how an information system can best support community resilience.

1.2 Rationale for Study
Two rationales provided the motivation for this study: (1) to extend the work of
The EnRiCH Project by analyzing the raw requirements identified during the intervention
phase of the project; and (2) to examine the appropriateness of an information system
for conducting community asset mapping exercises. Each of these rationales is
explained more in-depth below.
The EnRiCH Project demonstrated that technology-mediated asset mapping can
be an alternative form of asset mapping that facilitates collaboration to promote
community resilience (O'Sullivan et al., 2014a). Asset mapping is a disaster planning
strategy to identify potential assets that can assist with community response and
recovery (O’Sullivan, Corneil, Kuziemsky, & Lane, 2013a). Recognizing the evidencebased findings of The EnRiCH Project, this research extends the work by analyzing the
raw requirements as per requirement engineering process. This thesis sets the stage for
further analysis and development of a modern technical tool to improve community
disaster preparedness.
The second rationale for engaging in this research is to examine how an
information system solution can be built for asset mapping and as an activity for
improving disaster preparedness. Information Systems are valuable tools for aiding
human activities. However, their applicability, appropriateness, and feasibility need to be
examined before they can be developed as solutions to human problems. Thus, the
examination of data from two different cases within The EnRiCH Project provided an
opportunity for comparative analysis related to requirements. The comparative analysis
4

facilitated the assessment of appropriateness and feasibility of a standard, “off the shelf”,
online asset mapping application for communities.

1.3 Research Questions and Objectives
The purpose of this research was to determine a list of requirements that can be
used to develop software for organizations to map community assets, as an upstream
approach to enhance resilience through disaster preparedness. To meet this objective,
the following research questions were examined:

1. What are the functional, non-functional, and general system requirements
of an online asset mapping tool for disaster preparedness?
Objective: To identify a set of tasks and associated constraints of an online asset
mapping tool designed for use as a disaster preparedness strategy.

2. Is a standard “off-the shelf” asset mapping application feasible for
community development and adaptive capacity building for disaster
management?
Objective: To identify the similarities and differences of requirements in the two
EnRiCH communities, and determine the appropriateness of a standard on-line
tool based on the degree of similarities of requirements discovered in each case.

3. What are the potential designs that can address the requirements?
Objective: Identify a set of sequential actions users will need to perform to
address functional requirements.

5

1.4 Thesis Contribution
This research is positioned in the overlapping fields of two research domains: (1)
disaster preparedness and (2) requirements engineering. From a theoretical perspective,
this research highlights how foundations from both domains can be combined to create a
practical tool to aid community disaster preparedness activities. Furthermore, it
examines how technology can be leveraged to enhance community resilience through
disaster preparedness. It also highlights how processes of requirements engineering can
be applicable and used in contextually unique environments (i.e., different communities).
On a practical level, this research can guide future studies related to requirements
validation and management, or aid in developing customized asset mapping software.
The figure below (Figure 1.1) provides a visual representation of the past,
current, and potential future research related to asset mapping and disaster resiliency.
The EnRiCH Project’s research activities elicited the requirements, whereas, this thesis
research utilized the EnRiCH Project’s findings to analyse and document asset mapping
application requirements. Future research can use the cumulative findings to validate
and manage the requirements. The findings then can be used to design and develop an
asset mapping application to aid communities prepare for disasters thus enhancing their
resiliency.
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Figure 1.1: The relationship between this research to the past and future research.

7

1.5 Thesis Outline
Chapter 2 highlights the information from the literature that has guided this
research. Chapter 3 presents the methods that were employed in this thesis research
and explains how a qualitative case-study approach has been implemented as a
research design and the rationale behind its adoption. In Chapter 3, the data sources are
presented as well as a description of how the data were analyzed through directed
content analysis and activity diagrams. The chapter then ends with an explanation of the
steps that were taken to ensure trustworthiness of this research. Chapter 4 presents the
results of the applied methodology. Chapter 5 consists of discussion and conclusion of
this research. Finally, this thesis concludes with listing the cited literature in the
Bibliography, and a set of Appendices that provide support for the thesis.
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Chapter 2: Literature Review
This chapter highlights the background and relevant topics that exist in the
literature that has guided this research. The first section introduces The EnRiCH Project
that provides the foundation for this study (Section 2.1). In the following section, the
concept and methods of asset mapping are reviewed (Section 2.2). Section 2.3 provides
information regarding the current state of knowledge and technology related to IS
solutions concerning disaster management and the current gaps identified in the
literature. Section 2.4 explains the foundations of requirements engineering. The final
section (2.5) of this chapter summarizes the relevant literature and its importance for the
proposed thesis methodology.

2.1 The EnRiCH Project
The EnRiCH Project was implemented between 2010-2013 and employed a
community-based participatory research (CBPR) design. A CBPR design creates a
collaborative environment for different stakeholders of the community and the
researchers in an equitable manner in all aspects of the research process (Israel,
Schulz, Parker, & Becker, 1998). The characteristics of CBPR include relationship
building, co-learning, mutual benefit, long-term commitment, community participation,
and generation of actionable knowledge (Wallerstein & Duran, 2006). CBPR is a
research orientation that integrates research and practice (Israel, Schulz, Parker, &
Becker, 1998) to create mutually beneficial information for the researchers and the
community.
CBPR

design

was

adopted

in

The

EnRiCH

Project

to

assess

the

appropriateness, effectiveness, and feasibility of a collaborative asset mapping exercise
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as a strategy to promote adaptive capacity among high-risk populations to support
emergency preparedness (O’Sullivan, et al., 2013). The literature indicates that high-risk
populations are more susceptible to injury, death, and property loss in a disaster (Phillips
& Morrow, 2007). There are multiple factors related to increased risk, these include: (1)
exclusion from planning processes; (2) necessity of specialized supportive tools (e.g.,
assistive technology, and medical equipment); (3) necessity for services during recovery
phase (e.g., translators and rehabilitative services); and (4) lack of resources related to
disaster preparation and response (Stough, 2015; Phillips & Morrow, 2007). Hence, the
literature suggests a more collaborative working relationship between different sectors of
society as a solution to reduce disaster risks (Stough, 2015). The basis for this
suggestion is that a single agency does not meet the support needs of high-risk
populations, but rather, different organizations and professionals fulfill different support
needs (Stough, 2015). Therefore, The EnRiCH Project adopted a whole-of-society
approach to facilitate inclusive community engagement surrounding assets, to build
community resilience (O'Sullivan, Corneil, Kuziemsky, & Toal-Sullivan, 2014b).
The EnRiCH Project was comprised of five phases. Each phase is described
below:
1. Environmental and Literature Scan
The first phase involved scanning the environment, comprehensive literature
review, and interviews with key-informants related to community asset profiling
(O'Sullivan, et al., 2013). This initial examination led to the discovery of key gaps in the
literature and in practice related to community asset mapping. O’Sullivan, Corneil,
Kuziemsky, and Lane (2013a) found that most asset mapping activities relied more
heavily on identifying “hard-assets” (i.e., buildings, bridges, and roads) in contrast to
10

“soft-assets” (i.e., skills, relationships, and people). Yet, these soft-assets were
considered to be important components of supporting individual and community
resilience (O’Sullivan, Corneil, Kuziemsky, & Lane, 2013a). O’Sullivan, Kuziemsky, ToalSullivan, and Corneil (2013) reaffirmed other academics’ suggestions that a greater
focus on empirical inquiry is needed in-relation to “communication networks, social
capital, collaboration, and community engagement” (p.2).
O’Sullivan, Kuziemsky, Toal-Sullivan, and Corneil (2013) additionally discovered
that the process of mapping hard and soft-assets, and the contribution to managing a
dynamic situation such as a disaster, had not been extensively examined. In addition,
O'Sullivan, Corneil, Kuziemsky, and Toal-Sullivan (2014b) state that although processes
such as participant engagement, citizen empowerment, and collaboration were
considered important characteristics of asset mapping activities, few methods existed
specifying how to create a medium that encourages each of the processes mentioned
above.
Asset mapping is regarded as a positive strategy for supporting community
resilience; however, the long term sustainability of asset mapping remains unclear. In an
asset mapping activity, diverse groups are brought together to make a profile of assets
within a community, which is time-consuming and requires tangible and non-tangible
resources. In phase 1 of The EnRiCH Project, there was an evident gap within the
literature regarding “how” to maintain the motivation beyond the asset mapping sessions
and facilitate continued collaboration and action-oriented outcomes (O'Sullivan, Corneil,
Kuziemsky, & Toal-Sullivan, 2014b). All of these findings and others shaped The
EnRiCH Project, and its subsequent phases focused on developing methods to fill gaps
in practice and in the literature.
11

2. Development of Functional Capabilities Framework
The second phase of The EnRiCH Project consisted of the development of the
CHAMPSS Functional Capabilities Framework (O’Sullivan, Toal-Sullivan, Charles,
Corneil, & Bourgoin, 2013). The rationale for the development of this framework was
mainly due to the recognition that people with disabilities are heterogeneous (Kailes &
Enders, 2007). In the past, people with disabilities have been labeled with umbrella
terms such as “special needs” or “disabled” (Kailes & Enders, 2007). Terms such as
these limit the scope of understanding of people with disabilities and conjure images of
someone who uses a wheelchair, or who has limited vision or hearing.
Kailes and Enders (2007) reason that to allow a more comprehensive disaster
planning for high-risk populations requires a shift to broader function-based descriptions.
The EnRiCH Project, building on the work of Kailes and Enders (2007), created a set of
functional capabilities categories and put them together as The CHAMPSS Framework
to support asset mapping activities (O’Sullivan, et al., 2013). The CHAMPSS categories
include: “Communication, Housing, Awareness, Mobility/Transportation, Psychosocial,
Self-care & Daily Tasks, and Safety & Security” (O’Sullivan, et al., 2013, p. 4).
Each of the CHAMPSS categories was used to group community assets during
the asset mapping intervention of the project. Below is an example of a non-exhaustive
list of assets for each corresponding category:
i.

Communication: Literacy programs, Ethno-cultural services, Speech therapy.

ii.

Housing: Retirement homes, Housing cooperatives, Transitional houses.

iii.

Awareness: Sensitivity training, Mental health week, and Disability awareness.
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iv.

Mobility and Transportation: Book a ride, Health Bus, Travel assistant
programs.

v.

Psychosocial: Immigrant support services, Crisis lines, Rehabilitation and
integration programs.

vi.

Self-care: Nursing respite services, Guide/service dogs, Safe Seniors.

vii.

Safety and Security: Nanny Canada, Health Care Companions, Sexual assault
counselling centers (O’Sullivan, et al., 2013).

3. Design and Implementation of Prototype Intervention
Four communities took part in the intervention phase of The EnRiCH Project,
which was divided into two separate components. The first consisted of an asset-need
assessment; a full day focus group designed to build relationships among the invited
participants and facilitate comprehension of the assets and needs that existed within
each community (O'Sullivan, et al., 2013). The focus groups were implemented using the
Structured Interview Matrix (SIM), and comprised of nine focus groups among five
different communities within Canada (O’Sullivan, Kuziemsky, Toal-Sullivan, & Corneil,
2013).
The SIM format is designed to address the shortcomings of traditional focus
groups by enabling greater participation of all members while limiting power differentials
among group members (O’Sullivan, Kuziemsky, Toal-Sullivan, & Corneil, 2013). The
SIM facilitation technique is attributed to greater participant engagement through an
ordered process of group discussions and is a three-step process (O'Sullivan, Corneil,
Kuziemsky, & Toal-Sullivan, 2014b). The first step involves one-to-one interviews
between participants; the second step involves small group deliberation (4-8 participants
13

at each table); and the third step involves a discussion involving all the members at the
focus group (O'Sullivan, Corneil, Kuziemsky, & Toal-Sullivan, 2014b). Details of how the
SIM facilitation technique was implemented in The EnRiCH Project are explained in the
community intervention manual (O’Sullivan et al., 2013).
The second component of the intervention phase included pilot-testing of the
collaborative asset mapping activity. The steps in this part of the project involved an
orientation session, remote asset mapping, and scenario based table-top exercise using
the online prototype (O'Sullivan, et al., 2013). Each of these components is described
below:
i.

The orientation sessions were first implemented in the form of a focus
group. It involved explaining to participants the CHAMPSS framework and
providing hands on training for the online prototype asset mapping tool
based on Google Docs. The data generated in the orientation session
included audio recordings of discussions at each table.

ii.

The remote asset mapping process occurred over an 8-10-week period
without involvement of the researchers.

iii.

The table-top exercise involved using the online asset database to work
through a hypothetical disaster scenario. The objective of this step was to
allow the communities to examine their adaptive capacity for a disaster in
terms of providing support for high-risk populations (O'Sullivan, Corneil,
Kuziemsky, Lemyre, & McCrann, 2013)
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4. Process and Summative Evaluation
It is widely recognized that citizen engagement is an essential component in any
resilience-oriented intervention (Kretzmann & McKnight, 1996; Morgan & Ziglio, 2007;
O'Sullivan, Corneil, Kuziemsky, & Toal-Sullivan, 2014b). The EnRiCH Project included a
process evaluation to explore participants’ perceptions of participating in the orientation
sessions. They found that the orientation sessions facilitated inclusive engagement,
connectedness, relationship-building, and collaboration. They also reported that each of
these processes led to positive outcomes including: (1) enhanced asset literacy among
participants achieved from greater awareness of the assets and gaps within each of their
respected communities; and (2) development of “common ground (CG) and solutionoriented thinking” (O'Sullivan, Corneil, Kuziemsky, & Toal-Sullivan, 2014, p. 4).
The graded process of one-to-one interaction, to smaller group, to the larger
group discussion facilitated progressive collaboration (O'Sullivan, Corneil, Kuziemsky, &
Toal-Sullivan, 2014b). The progression from coordination to collaboration aligns with
Elmarzouqi, Garcia, and Lapayre’s (2008) continuum

model of collaboration.

Furthermore, a key concern for asset mapping activity is the inclusion of diverse
members while ensuring all members are engaged and find the asset mapping activity
valuable. The EnRiCH Project addressed these gaps by deliberately recruiting members
from diverse types of organizations. The process evaluation indicated an overall positive
reaction by participants in each of the target communities (O'Sullivan, Corneil,
Kuziemsky, & Toal-Sullivan, 2014b)
The EnRiCH Project summative evaluation discovered key aspects of technology
and its relation to asset mapping and the association between upstream-downstream
disaster management. The outcome of the remote asset mapping and table-top
15

exercises led to new knowledge regarding online asset mapping requirements and
contextual understanding of communities. The online prototype was used to elicit
requirements for an on-line asset mapping software. In this stage, the focus was to
discover raw requirements in accordance to the process of requirements engineering
(discussed in subsequent sections) and provide an initial analysis of the environment in
which an on-line asset mapping may be utilized.
In our analysis of the transcripts let to the discovery of key contextual issues
underpinning the collaborative design issues related to online asset mapping tool: (1)
technical, (2) individual, and (3) collaborative (Kuziemsky, Hadi, O’Sullivan, Lane, &
Corneil, 2014). Technical issues highlighted that communities differed in their technical
capabilities, while macro issues such as organizational regulations were also found to
have an impact on the requirements. Additionally, there were individual contexts that
were important for consideration, such as functional limitations. Lastly, rules and
regulations related to collaboration were defined by each community, therefore an
examination is required to see if there are enough commonalities to leverage a standard
online asset mapping tool. These findings provide an understanding of the contextual
issues that may impact requirements and design, but additional examination is required
for more in-depth understanding of the requirements of an online asset mapping tool.
Another outcome of The EnRiCH Project was the development of “The EnRiCH
Community Resilience Framework for High-Risk Populations” (O'Sullivan, et al., 2014a).
This framework provides an explanation of the upstream-downstream aspects of
managing disasters. The upstream-downstream paradigm was derived from the healthpromotion field, where upstream is associated with preventive actions, while
downstream relates to reactive interventions. In The EnRiCH Project, this paradigm was
16

translated to the disaster management field with upstream referring to preparedness and
mitigation phases, while response and recovery referring to downstream activities (see
Figure 2.1).

Figure 2.1: Generalized Map of the Development of Adaptive Capacity. Source: (O’Sullivan,
et al., 2014). Reprinted with Permission.

O'Sullivan, et al. (2014a) as part of their summative evaluation of the EnRiCH
data suggest that to enable more efficient downstream activities there is a need for
investment in upstream activities, to enhance the adaptive capacity of communities. This
premise takes a central role in their framework (see Figure 2.2). According to O'Sullivan,
17

et al. (2014a) adaptive capacity is the intended target to promote resilient communities.
Adaptive capacity is suggested to be driven by empowerment, collaboration, and
innovation across four different intervention areas encompassing: asset/resource
management,

upstream

leadership,

connectedness/engagement,

and

awareness/communication (O'Sullivan, et al., 2014a).
The development of this framework provides a direction and framework for future
research or community upstream investments. A primary example is this research, which
is guided by the EnRiCH Framework. This research utilized the requirement elicitation
data to analyze requirements for an online asset mapping application for asset/resource
management. Asset/resource management is an area of intervention highlighted in the
EnRiCH Framework to build adaptive capacity and support community resilience.
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Figure 2.2: The EnRiCH Community Resilience Framework for High-Risk Populations.
Source: (O'Sullivan, et al., 2014). Reprinted with Permission.

5. Dissemination of Information
The EnRiCH Project generated knowledge regarding adaptive capacity to
promote community resilience. It continues to generate and share new information, for
example the current proposed thesis research, in this last phase dedicated to
dissemination. This has been achieved through publications, conferences, webinars, and
the EnRiCH website.
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2.2 Asset Mapping
Asset mapping is a practice that has its roots in Asset-Based Community
Development (ABCD). The ABCD approach was developed as an alternative to the
predominant “needs-based approach” to community development. The needs-based
perspective focuses on the deficiencies, problems, and weaknesses of communities to
provide services or resources to fill the “gap” (McKnight & Kretzmann, 1993). In contrast,
ABCD seeks to shift the focus to the strengths and assets within a community to create
local solutions to local problems. This perspective owes its theoretical foundation to
salutogenesis (Antonovsky,1979), which focuses on the successes, strengths, and the
assets of communities and members rather than the deficits individuals or communities
must manage (Morgan & Ziglio, 2007).
The EnRiCH Project recognized that high-risk populations and communities have
skills and knowledge that can aid in disaster preparedness and response activities.
Thus, the collaborative asset mapping intervention was seen as a strategy to understand
the unique risks associate with disasters, but also to recognize the potential for
collaboration and the existence of community assets that can be leveraged to reduce
these disaster risks. The instrumental tool used to achieve this is asset mapping, a
process involving three separate components. These include:
(i)

asset mapping - community members identify community strengths which
translate to assets;

(ii) visioning - community members brainstorm and agree on community
objectives and goals; and
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(iii) mobilizing – community members organize and act by using community
assets to achieve agreed upon objectives and goals (Fisher, Geenen,
Jurcevic, McClintock, & Davis, 2009).
Asset mapping is dependent on “assets”. Kretzmann and McKnight (1996) posit
that there are three categories of assets in communities: (1) individuals, (2) associations,
and (3) institutions. Individuals can be a source of assets, as exemplified by their skills,
passions, and personal resources. Associations are informal groups that are rich
sources of social capital that exist in the forms of faith-based, cultural, recreational, and
social voluntary groups (Kretzmann & McKnight, 1996). Institutions represent formal
organizations such as businesses, government services (police, firefighters, health
clinics), and non-governmental organizations (NGO’s).
The process of an asset mapping exercise goes beyond creating a database of
assets. It aims to create a medium for engagement, connectedness, collaboration, and
relationship

building

(O'Sullivan,

Corneil,

Kuziemsky,

&

Toal-Sullivan,

2014b).

Kretzmann and McKnight (1996) posit that it is through the identification of assets that
communities can fully visualize the range and depth of a community’s capacity for
solutions. Furthermore, asset mapping creates an environment of inclusiveness, which
Kramer, Amos, Lazarus, and Seedat (2012) state “provides the community with
opportunities to meaningfully participate in information gathering, planning, directionsetting and decision-making regarding outcomes that affect a given community’s
development” (p.538). Thus, asset mapping creates an opportunity for community
collaboration and cooperation to build common-ground, irrespective of the individual
differences that might exist between individuals and organizations.
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Common ground (CG) is defined as, “the shared knowledge, language, and
beliefs that two or more agents need to have for communication to occur” (Kuziemsky &
O'Sullivan, 2015, p. 231). Early work on CG focused solely on communication, but later it
was shown to facilitate team interactions and team communications; both of which affect
collaboration (Kuziemsky & O'Sullivan, 2015). Kuziemsky and Varpio (2010) asserted
that CG goes beyond building common vocabulary and knowledge, and promotes
mutual trust, relationships, and understanding of differences. However, for this to occur,
it requires a process of acquiring and sharing information during a collaborative activity
(Carroll, Rosson, Farooq, & Xiao, 2009), such as asset mapping.
The formation of CG during a collaborative activity was described by Kuziemsky
and O'Sullivan (2015) in their analysis of six focus group discussions as part of The
EnRiCH Project. They highlighted three different stages of CG: (i) coordinative common
ground; (ii) cooperative common ground, and (iii) collaborative common ground. In the
coordinative CG stage, individuals or actors build the relationship through knowledge,
which is then leveraged to build the rules and protocols during the cooperative CG
stage. The first two stages facilitate sharing of knowledge, mutual trust, and formation of
relationships. The combination of these characteristics leads to the third stage:
collaborative CG. In this stage rules and regulations appear to matter less, as groups
become autonomous and focus on implementing their goals, and less on determining
and developing regulations (Kuziemsky & O'Sullivan, 2015). As observed through the
activities in The EnRiCH Project, asset mapping provides a means to reduce disaster
risk, by facilitating the identification of assets and fostering collaborative CG among
diverse stakeholders.
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2.3 Current Use of Technology in Relation to Disasters
The need for information and effective communication before, during, and after a
disaster has led to increased interest in the use of technology to facilitate these
processes. For example, web-based spatial data tools have been shown to be an
effective mediator for collaboration between agencies and departments for decisionmaking during a disaster (Mansouriana, Rajabifardb, Zoeja, & Williamson, 2006).
Similarly, other researchers have proposed the development of Mobile Based
Emergency Response System (MERS), which can use high-speed mobile networks to
connect with citizens, businesses, and government agencies to provide rapid access to
information in the form of push notifications (Amailef & Lu, 2013).
Another important type of technology mediator for disaster management has
been the use of databases. There have been considerable efforts made to create
historical databases for disasters; however, these simply provide a list of information
regarding past disasters. This has restricted the capacity for practitioners to learn and
evaluate past hazards from textual data. Researchers have proposed building databases
with Geographical Information Systems (GIS), such a system has been proposed and
detailed by Yan-xi, Gang-jun, Er-jiang, and Ke-fei (2009). Yan-xi et al. (2009) detailed a
GIS based database that not only stores information regarding past disasters but also
provides logical data models, Internet-based user-interface, and a spatial-temporal map
of hazards. This information collectively provides a richer source of accessible
information that can be used by practitioners for disaster preparedness and hazard
mitigation.
The advent of social media coupled with the ubiquitousness of smartphones has
facilitated new means of propagating information during disasters. There are many
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examples of usage of social media such as Twitter, Facebook, Blogs, YouTube, and
Ushahidi during disasters including: earthquakes, hurricanes, floods, and typhoons
(Imran, Castillo, Diaz, & Vieweg, 2015; Takahashi, Tandoc, & Carmichael, 2015; Cheng,
Mitomo, Otsuka, & Jeon, 2015). For example, during the Fort McMurray Wildfire,
traditional sources of information such as radio and televisions went off the air, while
websites of local municipalities were not being updated fast enough to provide real-time
information regarding the wildfire (Edmonton Sun, 2016). Whereas, social media was
proactively used by citizens to communicate their needs, whereabouts, and the situation
on the ground. Even some of the municipalities were using social media, such as
Twitter, as their primary communication channel (Edmonton Sun, 2016).
Social media has created a new means of crowdsourcing information from
individuals and organizations to gather on the ground data rapidly. It also aids in
visualizing the need of the community so that resources and assistance can be provided
appropriately (Gao, Barbier, Goolsby, & Zeng, 2011). Gao, Barbier, Goolsby, and Zeng
(2011) assert that there are three key benefits to crowdsourcing information from social
media. First, user requests and statuses are made available in real time; therefore, relief
organizations know “what” is needed, “where”, and “when”. Second, the generation of
unstructured data in the forms of tweets, Facebook posts, tags, hashtags, and pictures
provide a means to perform analysis to understand the situation better. Third, geolocation of messages on certain platforms can provide an accurate picture of where
services or assets are needed (Gao, Barbier, Goolsby, & Zeng, 2011). Conrado, Neville,
Woodworth, and O’Riordan (2016) provide a higher-level benefit of social media usage
for disaster relief. They explain that the information from social media can guide
decision-making processes for relief organizations. The information then is used by relief
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organizations to choose critically between different sets of actions to decrease the
probability of risk among humans and physical materials (Conrado, Neville, Woodworth,
& O’Riordan, 2016).
The advantages mentioned above are only some of the positive aspects of
crowdsourcing data through social media; however, it remains a relatively new
technology that has disadvantages related to disaster relief activities. For example, albeit
social media does allow for the exchange of real-time information from a broad aspect of
the society, nevertheless, it is hard to verify its accuracy or if the need is real or fake
(Conrado, Neville, Woodworth, & O’Riordan, 2016). Furthermore, Gao, Barbier, Goolsby,
and Zeng (2011) explain that social networks that encompass social media do not have
the intrinsic functionalities to assist coordination and collaboration between relief
organizations. They provide an example of their assertion, by explaining it is possible for
multiple organizations to react to the same request by a user, thus duplicating
distribution of assets and possibly putting other humans and materials at risk.
Additionally, few research and tools are developed to aid fieldworkers and relief
organizations to evaluate and understand the information from social media (Conrado,
Neville, Woodworth, & O’Riordan, 2016). More research is needed to understand the
potential of social media to play a more proactive role in disaster relief and management.
The above information systems and technological tools are not exhaustive; many
other technological tools are being developed and designed for disaster management.
Some of these systems include context-aware systems (Millham, 2014), web-based
collaborative services (Truong, Juszczyk, Bashir, Manzoor, & Dustdar, 2008), and
Sensor-Web data (Wang & Yuan, 2010). However, there are three key issues with the
current information systems for disaster management. The first being, many are
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designed for when an actual disaster occurs (i.e., disaster response). This negates the
importance of global policies suggesting a greater need for increased focus on disaster
preparedness. The second main issue is some of these systems require substantial
human and financial resources, which decreases its accessibility. Third, many of these
information systems are designed for disaster management professionals and less so for
the general public. These three factors combined highlight the lack of focus on
technological solutions for disaster preparedness taking a whole-of-society approach.
Schryen and Wex (2015) in their literature review examined the current state of
knowledge related to information systems addressing disaster risk reduction. The
researchers found that information systems research related to disaster management
heavily report on risk assessment and rarely included an actual development of
information systems that provide specific or generic solutions for disaster preparedness.
As part of their conclusion Schryen and Wex (2015) provide four main suggestions to fill
the gaps of information system research concerning disaster preparedness:
1.

Need for actual design and development-oriented research of
information system tools.

2.

Need for greater focus on general design knowledge related to
information systems for disaster preparedness.

3.

A necessity for emphasis on the development of citizen-centered
systems.

4.

Need for greater knowledge convergence between the information
system and disaster management disciplines concerning risk
reduction.
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Ultimately, the authors asserted that knowledge regarding "how" to design information
systems related to disaster preparedness were very limited within the literature, even
though it is recognized as an important disaster risk reduction strategy.

2.4 Requirements Engineering
Requirements engineering (RE) is a process-driven activity that has its
foundation in systems engineering. The RE process is the first step of the Software
Development Life Cycle that is aimed at determining a clear set of requirements. A
requirement is defined as “a statement of system functionality that satisfies customer
needs” (Pandey, Suman, & Ramani, 2010, p. 287). The whole RE process is divided into
five stages comprising: (1) requirement elicitation, (2) requirement analysis, (3)
requirement

documentation,

(4)

requirement

validation,

and

(5)

requirement

management (Paetsch, Eberlein, & Maurer, 2003). Each of these stages is explained in
subsequent paragraphs. The objective of the RE process is to identify, analyze, and
resolve different perspectives regarding requirements for the envisioned system. This
allows researchers to identify how and what to design for a system to be effective and
usable as intended.

2.4.1 Requirement Elicitation
Requirement elicitation is the first step of the RE process. Its objective is to
identify the appropriate stakeholders of the system and extract raw requirements of the
planned system (Pacheco & Garcia, 2012). Raw requirements refer to system needs
that have not yet been analyzed or written down in a formal requirement notation
(Pandey, Suman, & Ramani, 2010). In this step, researchers aim to understand the
system users, the environment, and the constraints under which the system will be used
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(Kotonya & Sommerville, 1996). The method to achieve this varies and depends on the
project needs including: resources, time, purpose, expertise, and availability of
stakeholders. Tiwari, Rathore, and Gupta (2012) identify six different categories of
methods for determining requirements including: traditional, collaborative, cognitive,
observational, agile, and other techniques (Tiwari, Rathore, & Gupta, 2012).
In The EnRiCH Project, a collaborative approach was used for requirement
elicitation. The collaborative approach is seen as an effective method for developing
systems that involve heterogeneous users, given its use of group discussions designed
to understand the holistic needs of all the users (Kar & Hengst, 2009). The main
methodologies

for

brainstorming,

Joint

collaborative
Application

requirement
Development

elicitation
(JAD),

include:

focus

prototyping,

groups,

workshops,

storyboarding, and discussion of cases or scenarios (Tiwari, Rathore, & Gupta, 2012).
Requirement elicitation was performed during EnRiCH, using a mix of focus
groups, usability testing, and scenarios. All three of these methods have been
extensively discussed in the literature. For example, Gottesdiener (2003) has shown that
the use of workshops can be an effective means of eliciting requirements from diverse
users. Garmer, Ylven, and Karlsson (2004) used mixed focus groups with a usability
study and found that focus groups led to in-depth comprehension of contextual issues,
while the usability test resulted in capturing detailed requirements for the final system.
Furthermore, the use of focus groups, usability testing, and scenarios in
combination has been performed by different teams, and deemed appropriate to gather
raw requirements. Garmer, Ylven, and Karlsson (2004) in their comparative study,
elicited requirements using two groups: the first exclusively using a focus group; and the
second involving a combination of focus group and usability testing. The authors
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concluded that the use of both methods in combination is more beneficial in detecting
requirement issues than the use of a single method (Garmer, Ylven, & Karlsson, 2004).
Similarly, Mishra, Mishra, and Yazici (2008) suggest the combination of interviews and
focus groups in the form of workshops can be an effective means of eliciting valid
requirements for large-scale complex software.

2.4.2 Requirement Analysis
Requirement analysis is a process of converting raw requirements into a formal
list that sets the foundation for the final software tool. Paetsch, Eberlein, and Maurer
(2003) assert that key activities of requirement analysis include determining
requirements that are necessary, consistent, complete, and feasible. This is achieved by
resolving many perspectives through systematic analysis, negotiation, communication,
and prioritization of requirements (Pandey, Suman, & Ramani, 2010). The outcome
results in the identification of functional and non-functional requirements. Per Mirakhorli
and Cleland-Huang (2012) functional requirements (FR) define what the system must
do. In contrast, non-functional requirements (NFR’s) are defined as “non-behavioral
attributes of a system which constrain the way in which the system must behave”
(Mirakhorli & Cleland-Huang, 2012, p. 299). Furthermore, other general system
requirements are also identified and explained to provide a holistic comprehension of the
system. These include: general description, user-interface requirements, and general
constraints.
Requirement analysis begins by analyzing the information from the elicitation
stage. Douglass (2016) explains that the process of analysis first involves analyzing the
textual data. However, he cautions researchers not to restrict the process to only textual
information. Douglass (2016) asserts that textual data are the sources to start the
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process. But, when stakeholders lack expertise in systems engineering, the textual data
may be incomplete, missing, or inconsistent. It is recommended that work flow diagrams
such as flow-based, scenario-based, or state-based approach be used to capture the
contradiction and merge the knowledge between stakeholders and researchers.

2.4.3 Requirement Documentation
Once the requirements are identified and analyzed, they are recorded to identify
and describe what the software needs to deliver (Nuseibeh & Easterbrook, 2000). The
primary goal of requirement documentation is to communicate the stakeholders’ needs
to developers or researchers. The formal document is referred to as the Software
Requirement Specification (SRS). An SRS answers the “what” and “how” the software
will execute (Paetsch, Eberlein, & Maurer, 2003). It specifies each of the requirements of
the envisioned system in a clear, consistent, accessible, and reviewable manner (Gea,
et al., 2012).
There are many different methods of documenting an SRS. For example, Jiang,
Eberlein, Far, and Mousavi (2008) in their review of RE techniques identified 17 different
methods for requirement documentation. Whereas, dos Santos Soares and Cioquetta
(2012), building on the work of Jiang, Eberlein, Far, and Mousavi (2008), assert that the
17 different methods identified include formal methods that are impractical in the realworld. Formal methods are techniques based on mathematical models and formal logic
to define software specifications (Woodcock, Larsen, Bicarregui, & Fitzgerald, 2009). In
their paper, dos Santos Soares and Cioquetta (2012) highlight literature suggesting
formal methods are “inadequate, restricted to critical systems, too expensive,
insufficient, and too difficult” (p. 18). Hence, they suggest the eight most common
techniques for requirement documentation, which include: (1) natural language, (2)
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structured natural language, (3) viewpoints, (4) decision tables, (5) use-case diagrams,
(6) user stories, (7) SysML (Systems Modelling Language) diagrams, and (8) goaloriented modelling.
Much of requirement specifications within the IS field are written using natural
languages; often, however it is done in conjunction with other techniques such as
diagrams and models (do Prado Leite & Doorn, 2012). This is corroborated by other
researchers, such as Mich and Inveradi (2003) who conducted an online survey of
businesses requiring software in Italy; they found the majority of documents utilized for
requirement analysis are developed on the basis of user interviews. Furthermore, they
reported that 71.8% of the documents containing requirement specifications were written
in natural language, while 15.9% were written in structured natural language, and only
5.3% were written in formal language.
It is important to note that the use of natural language has been criticised for
being vague, imprecise, and inconsistent (dos Santos Soares & Cioquetta, 2012).
However, do Prado Leite and Doorn (2012) assert that even with its intrinsic ambiguity,
natural language within the IS field is unavoidable. Most IS development is performed by
interviews and data are collected from end users that do not always have technical
knowledge. Therefore, natural language remains the predominant means of collecting
and analyzing requirement specifications. The literature suggests IS researchers use
multiple methods to analyze the data, such as textual data analysis, in conjunction with
modelling, to understand the requirements. This process is ultimately seen within the IS
field as “where the informal meets the formal” (dos Santos Soares & Cioquetta, 2012, p.
9).
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2.4.4 Requirement Validation
Requirement validation involves activities that aim to confirm if the identified
requirements meet the needs of the end users. In this step, the software requirement
specification document is reviewed to identify any issues that need to be resolved (Gea,
et al., 2012). It is a vital step of the engineering process to ensure that end users are
satisfied with the analysis completed by the researcher, and the SRS is complete and
error free (Nazir, et al., 2014). This is achieved through explicit description of the
requirements and resolution of any conflict with the stakeholders (Nuseibeh &
Easterbrook, 2000).

2.4.5 Requirement Management
Requirement management encompasses the set of activities that monitor the
changes in end-user needs. As time and technology change, typically requirements also
change. Therefore, requirement management ensures that irrelevant requirements are
removed and new, more relevant, requirements are added. In addition, it involves
modifying current requirements to be more reflective of the end-user’s immediate needs
(Gea, et al., 2012). Requirement management highlights the cyclical process of
requirements engineering. This step emphasizes that requirements evolve and undergo
continuous change, and hence, there is a need for continuous analysis as workflow,
technology, users, and environment change (Zave, 1997).

2.4.6 Requirement Engineering Lifecycle Method
There are multiple methods by which requirements can be derived and managed.
The two most popular methods of software development lifecycles include the waterfall
and the iterative processes. This research adopted the waterfall method moving from
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requirement elicitation to requirement analysis in two separate distinct phases. The
waterfall process involves a linear, step by step process of developing a software
system. These steps generally include and are implemented in the following order: (i)
identify requirements, (ii) design, (iii) code, (iv) test, and (v) perform maintenance
(Laplante & Neill, 2004). The positive characteristics of the waterfall method include
defined scope of each stage, established requirements before development, and ease of
implementation (Balaji & Murugaiyan, 2012). However, the biggest criticism of the
waterfall method is its inability to deal with change during the process, and therefore,
often waterfall method based software’s require costly rework due to newly discovered
requirements after requirement analysis has been completed (Laplante & Neill, 2004).
Even with its faults the waterfall method remains one of the most utilized software
development method within the discipline (Balaji & Murugaiyan, 2012).

2.5 Summary
In recent years, there has been a greater call to shift from focusing mostly on
“recovery and response”, to a more balanced focus that includes mitigation activities
related to disaster management (Henstra & McBean, 2005; PTY, 2015). This has led to
an increased focus on building resilience within communities. Relatedly, there has been
a shift in focus from needs-based approach to an asset-based approach to community
development (Kerka, 2003). Hence, this research recognizes, from the experience of
The EnRiCH Project, the complementary roles of asset mapping and disaster
preparedness.
This research sought to determine the applicability of technology to facilitate both
the needs-based and the asset-based processes. This was achieved by using the
qualitative data from the EnRiCH collaborative asset mapping exercise that consists of
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transcripts of the orientation session and table-top exercises from two different
communities within Canada. These data were analyzed using directed content analysis
and activity diagrams. Al-Ani and Edwards (2004), in their empirical study of qualitative
methods, have shown that mixing these two methods can be beneficial in analyzing
requirements. This proposed research aims to expand analysis of the participants’
perspectives from the EnRiCH collaborative asset mapping intervention by analyzing the
data to achieve a clear, formal, and specific list of requirements through systematic
requirement analysis process.
The study by Schryen and Wex (2015) supports the direction of this thesis. The
EnRiCH Project and this thesis research provide both discipline and action-oriented
outcomes that are lacking in the literature. In terms of discipline-oriented outcome, this
and the past EnRiCH papers published collectively contribute to the field of information
system and disaster management by highlighting general design processes that can be
used to develop information system tools for disaster preparedness activities. In terms of
action-oriented outcomes, this research delivers evidence-based requirements that
provide the foundation for design and development of a practical asset mapping
application that can facilitate disaster preparedness activities, thus enhancing a
community’s resilience.
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Chapter 3: Research Methods
This chapter presents the methods that have been employed to achieve the
objectives of this thesis research. It details how the qualitative case study approach was
used as the research design (section 3.1), and proceeds to explain the data sources
(3.2), processes of data analysis (3.3), and how the research ensured trustworthiness
(3.4).

3.1 Research Design
This thesis research adopted the use of cases to derive insights related to
requirements. The use of cases allowed for the discovery of explanatory relationships
and processes between multiple variables to understand what the requirements are and
their relationship to each of the community’s unique environment (Runeson & Höst,
2009). Each community was considered as a different case due to its difference in
composition of assets and values. Therefore, adopting a multiple case design facilitated
the ability to compare contextual issues that are similar or different in each community.
The comparative analysis of two different communities translated to the identification of
the similarities and differences between the communities’ requirements for access to
information about assets for disaster preparedness and response. This information was
used to assess the feasibility of a standard asset mapping application for community
development and adaptive capacity building.
3.1.1 Defining the Cases
In this research, two different community locations from The EnRiCH Project
defined each of the cases. The EnRiCH Project was implemented in five different
communities across Canada. These communities included: Truro (Nova Scotia), Quebec
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City (Quebec), Kitchener-Waterloo (Ontario), Gatineau (Quebec), and Calgary (Alberta).
This research utilized the data from Truro and Kitchener-Waterloo only. These
communities were selected for this research because the data was collected in English.
City’s that included French data were excluded due to the researcher not being proficient
in French. The data from Calgary was collected in English, however, the table-top
exercise was not performed in that city, thus it was not eligible for this research. Hence,
Truro and Kitchener-Waterloo was selected due to their data being in English and the
communities were deemed different enough to justify a comparative analysis to answer
each of the research questions.
The following section provides information regarding the characteristics of both
geographical locations to specify the boundaries of the two cases being studied. This
information is used to understand the background of the communities from which the
inferences are being made, regarding information requirements for asset mapping to
build adaptive capacity and the ability to compare this information to other communities.
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i.

Region of Waterloo, Ontario
The Region of Waterloo is geographically located in Southern Ontario (Figure

3.1).

Figure 3.1: Map of the Region of Waterloo including the Cities of Kitchener, Cambridge,
Waterloo and the townships of Wellesley, Woolwich, Wilmot, and North Dumfries. Source:
(Google Maps, 2015a).

Per the 2011 Statistics Canada census, the population of the Waterloo Regional
Municipalities combined was found to be 507,096 people (Statistics Canada, 2011). The
overall population of the Waterloo Region is relatively young with the median age at 37.6
years (Statistics Canada, 2011). The total population of seniors (65 years of age and
older) in 2011 was 63,565 people constituting a total of 12 percent of the total regional
population. The 2011 census showed that seniors experienced the largest percentile
growth compared to youth (0-14) and working age (15-64) but they remain the smallest
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portion of the population (Region of Waterloo, 2011). In terms of distribution by gender,
the Statistics Canada 2011 census showed a nearly even distribution with 49.3 percent
males compared to 50.7 percent females (Statistics Canada, 2011).
The Region of Waterloo is hometown to several large companies including
Blackberry, Sunlife, and Manulife Financial. Waterloo Region is also known for having a
robust and rich start-up ecosystem. The population within the region is highly educated,
over 60 percent of the (25-49) age group completed post-secondary education and 70
percent among the (35-39) age group (Region of Waterloo, 2011). The median income
of the Waterloo Region in 2011 was $29,449, and income composition included 91.8
percent from market income and 8.2 percent from governmental transfers (Statistics
Canada, 2011).
Concerning disasters, Waterloo Region is prone to earthquakes, floods, extreme
heat, power outages, and severe weather storms (Emergency Preparedness, 2015).
Historically, the biggest concern has been severe weather, winter storms, power
outages, tornadoes, and extreme heat. For example, some natural disasters faced by
the Region of Waterloo include Hurricane Hazel in 1954, the 1999 winter storm, the
Northeast Blackout of 2003, and the Ontario Ice Storms in 2013. It is important to note,
that as mentioned above, seniors experienced the largest percentile growth according to
the 2011 census. Seniors (65+) are more likely to report having more than one chronic
disease (e.g., cardiovascular disease, diabetes, and arthritis), and the results of multimorbidity increase the health risk of this population (Wister, Levasseur, Griffith, & Fyffe,
2015). Hence, it is important for the Region of Waterloo to prepare for disasters,
especially given the aging population to ensure their wellbeing.
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ii.

Truro, Nova Scotia
Truro is located in Nova Scotia (NS) and is considered as the “hub” of NS

situated roughly equidistant from Halifax, Nova Scotia; Moncton, New Brunswick, and
the Cape Breton Causeway (Figure 3.2).

Figure 3.2: Map of the Township of Truro, Nova Scotia. Source: (Google Maps, 2015b).

In 2011, the population of Truro was estimated to be 12,059, with the median age of
45.6 years (Statistics Canada, 2011). The largest group in terms of age distribution in
2011 was between the ages of 15-64, usually referred to as “working age population”;
constituting 66.5 percent of the total population (Statistics Canada, 2011). The second
largest age group is comprised of seniors (65+) with 22 percent, followed by children (014) representing 13 percent of the total population (Statistics Canada, 2011). Per the
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same report, the distribution by gender was 45 percent male compared to 55 percent
female.
In relation to disasters, Truro being situated near the Salmon River is prone to
flooding. In addition, with climate change, Truro is experiencing higher water levels. For
example, in 2012 Truro experienced two rainstorms within a two-week period, each had
severe characteristics of storms that are supposed to occur once every century, i.e., a
‘100-year storm’. In addition, Truro is also prone to flooding during the spring from
melting ice. Hence, it is of utmost importance for Truro to prepare for disasters, which
are becoming more frequent, due to the changing climate

(Sena, Corvalan, & Ebi,

2014).

3.2 Data Sources
The data sources for this research include secondary data from the EnRiCH
collaborative asset mapping intervention (i.e., Phase 3) for the communities of the
Region of Waterloo and Truro. This phase involved eliciting requirements as per the
requirements engineering process. The data collection process first involved requesting
ethics approval from the University of Ottawa’s Research Ethics Board. (See also
Appendix A – Ethics Certificate.) Once approved, participants were recruited using
purposeful and snowball sampling (O’Sullivan, Kuziemsky, Toal-Sullivan, & Corneil,
2013). (See also Appendix B – Recruitment Notice, and Appendix C - Consent Form.)
The participants for Phase 3 of The EnRiCH Project included diverse groups including
members from emergency management, and health and social services in each
community (O'Sullivan, et al., 2013). The participants were representative of the targeted
end-users of the information system; hence their recruitment was deemed appropriate to
elicit requirements.
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The intervention itself was implemented in 3 steps:
(i)

Orientation session to explain the CHAMPSS Functional Capabilities
framework and how to use the online tool;

(ii)

8 to 10-week remote collaborative asset mapping; and

(iii)

Testing an online asset mapping prototype through a table-top exercise
(O'Sullivan, et al., 2013).

Full details of the activities and methods of each step are explained below. It is important
to note that all discussions of the orientation sessions and the table-top exercises were
conducted in English for the Region of Waterloo and Truro case studies. Table 3.1
provides a tabular representation of the data sources, number of participants for each
community, and methods for reference for the EnRiCH Orientation Sessions and the
Table-Top exercises.
Table 3.1: Attributes of the EnRiCH Orientation and Table-top Sessions

Location

Number of
Participants in
the Orientation
Session

Number of
Participants
in the Tabletop

Length of
Time

Method of Data
Collection

Waterloo

n=15

n=16

Full day

Audio recording of
Think Aloud
sessions.

Truro

n= 25

n=21

Full day

Audio recording of
Think Aloud
sessions.

The intervention phase of The EnRiCH Project was part of the requirements
elicitation of the software development lifecycle. The mixture of focus groups, usability
testing, and scenarios provided information regarding the users, the workflow,
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environment, and the constraints of the online asset mapping tool. The intervention
phase consisted of two distinct components. The first was a full day asset/need
assessment workshop in each of the target communities (O’Sullivan, et al., 2013). The
aim of the asset/need assessment was to initiate discussions regarding the assets and
needs that existed within each community, while at the same time building relationships
among the different stakeholders as in accordance with CBPR methods. The second
component involved the asset mapping intervention, which consisted of three separate
activities: (i) an orientation session, (ii) an asset mapping task, and (iii) a table-top
exercise (O’Sullivan, et al., 2013). Following receipt of ethics approval for this study, the
data from each of these sessions was used to conduct secondary analysis for this thesis
research. Each of these sessions are described in-depth below:

i.

Orientation Sessions

The orientation session provided information about the EnRiCH online asset
mapping tool based on Google Docs and how it could be used to populate the
spreadsheet of the inventory of community assets. In addition, participants received
information about the CHAMPSS Functional Capabilities Framework (O’Sullivan et al.,
2013). In this session, the categories of CHAMPSS were defined and explained to the
participants. The orientation session concluded with hands-on training involving
participants using laptops at each table while they learned how to use Google Docs to
map their assets per the categories suggested by the CHAMPSS framework (O’Sullivan,
Corneil, Kuziemsky, & Lane, 2013b).
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ii.

Asset Mapping Task

The second activity involved the asset mapping task, which spanned over 8-10
weeks. During this time, participants were given online access to the Google Docs, and
encouraged to use it to map the assets of their organization and community. This activity
was not performed under the supervision of the researchers but rather it was
coordinated by the participants, and they were responsible for inputting the data
independently. Participants were encouraged to collaborate with other members of the
EnRiCH group and their own colleagues to map the assets of their community. During
this task period, participants were also encouraged to define and develop their own rules
regarding use, access, control, and other protocols that were deemed necessary
(O’Sullivan, Corneil, Kuziemsky, & Lane, 2013b). This passing of responsibility to each
community followed principles of CBPR, specifically “to redress power imbalances” and
“facilitate mutual benefit among community and academic partners” (Wallerstein &
Duran, 2010, p. 40).
The researchers were aware that each community was different and it was
important to define the plans for asset mapping independently. This provided power and
autonomy to the members of the community rather than having the activity dictated by
the researchers. It also allowed the community participants to master the skills and
realize asset mapping benefits and requirements according to their own needs.

iii.

Table-top Exercises

After the 8-10-week period, a table-top exercise was implemented in each
community. In this exercise, participants were given scenarios that described disaster
situations. (See also Appendix D – Table Top Exercise Guide.) Participants were asked
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to use the asset database they had created using the prototype to work through the
disaster scenarios, as if it was happening in their community (O’Sullivan, et al., 2013).
The modified “Think Aloud” protocol by Kushniruk and Patel (2004) was adopted to
collect the data and perform usability testing on the prototype based on Google Docs.
Usability testing is derived from the field of Human-Computer Interaction (HCI) and
refers to, “the evaluation of information systems that involves testing of participants (i.e.,
subjects) who are representative of the target user population, as they perform
representative tasks using an information technology” (Kushniruk & Patel, 2004, p. 4). In
this process, the “Think Aloud” method captured participant’s experiences by asking
members to verbalize their thoughts and emotions during interactions with the interface
while completing tasks (Makri, Blandford, & Cox, 2011).
The “Think Aloud” method has multiple distinct advantages. First, it allows for
comprehension of the real-world context within which the IS will be used; second, it
facilitates the discovery of emergent requirements that have not been thought of in the
past; third, when users verbalize their thought processes during their interaction it allows
for immediate feedback regarding design issues. It also facilitates the comprehension of
how the variability in educational and technical knowledge among target users impacts
the usability of an IS (Kushniruk & Patel, 2004).
In The EnRiCH Project, the use of disaster scenarios was created to mimic a
real-world situation and analyze how the IS may be utilized under such conditions.
Furthermore, because online asset mapping is a new phenomenon, the Think Aloud
method facilitated discovery of emergent requirements by recording the interactions of
users with IS interface. This allows researchers to identify the user variations and its
impact on the performance of tasks.
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In their protocol, Kushniruk and Patel (2004) proposed using video recording
software to capture non-verbal actions coupled with audio recording devices to record
participants’ verbal thoughts as per the “Think Aloud” instructions. In The EnRiCH
Project, the Kushniruk and Patel (2004) protocol was modified to focus solely on audio
recordings using the Think Aloud protocol. Members were assigned to different tables
and the Think Aloud activity was taped using audio recorders placed on each table. At
the end of the session, each audio recording was transcribed verbatim and checked for
accuracy. The transcribed data of the collaborative asset mapping activity provided rich
information regarding requirements for an asset mapping tool.

3.3 Data Analysis
This section describes the data analysis process of requirement analysis and
documentation. It provides specific information about how functional and non-functional
requirements were derived using directed content analysis and represented using
activity diagrams.
3.3.1 Requirement Analysis
Requirement analysis was conducted to determine the functional, non-functional,
and general system requirements. This was achieved in two different phases. The first
involved analyzing the text using directed content analysis and then modelling functional
requirements using Unified Modelling Language (UML) activity diagrams. The UML is
defined as “a modeling language for specifying, visualizing, constructing, and
documenting the artifacts of a system” (Zakaria, Hosny, & Zeid, 2002, p. 1). Content
analysis is a systematic process of analyzing written, verbal, or visual communication to
describe a phenomenon (Elo & Kyngas, 2008). As a research method, it provided the
means to make qualitative inferences from the data to requirements (Elo & Kyngas,
45

2008). As Krippendorf (1980) explains, the objective of content analysis is to provide
new knowledge, insights, facts, and a practical guide for action. To conduct this research
both (1) Direct Content Analysis, and (2) Activity Diagrams were used to answer the
research questions. Each of these methods are explained in the subsection below.

(1) Directed Content Analysis

i.

Text Immersion/ Memos:

Memos are notes that are separate from the analysis but are linked in that they
provide a method to record ideas and interpretation of the transcripts during text
immersion. Memos were written in all stages of the coding process. It served to provide
a means of auditing the abstraction process by thesis supervisors and provided an
analytical trail explaining how decisions and conclusions were reached. During this
process, all instances regarding requirements and the system were highlighted. Memos
were written beside each highlighted segment for future reflection.

ii.

Determine Initial Coding Scheme:

The initial coding scheme consisted of codes derived from The Institute of
Electrical and Electronics Engineers (IEEE) Recommended Practice for Requirement
Specifications Standard 830-1998 (IEEE, 1998) and its successor the ISO/IEC/IEEE
29148:2011 standard. The IEEE Standard 830-1998 was developed by a working
committee consisting of 20 industry experts and reaffirmed in the year 2009 by the IEEE
Standards board. The ISO/IEC/IEEE 29148:2011 standard superseded the IEEE 830-
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1998 requirement standards in the year 2011. It is considered the most developed and
thorough standard for requirement documentation (Schneidera & Berenbach, 2013).
The IEEE 830-1998 contains a list of requirement categories (e.g., functional,
non-functional), whereas the ISO/IEC/IEEE 29148:2011 provides more holistic criterions
to requirements. The ISO/IEC/IEEE 29148:2011 standard provides three different
templates for textual documentation of requirements. In each of the templates,
requirement types (i.e., requirement categories) are lists, some categories crossreference each of the template, whereas others are unique to each template
(ISO/IEC/IEEE , 2011). The codes for this research used both the categories listed in the
IEEE 830 and the templates asserted in the ISO/IEC/IEEE 29148:2011. The final coding
grid is shown below in (Figure 3.2). The flexibility of IEEE 830-1998 provides a means to
modify the structure to incorporate inductive codes and categories that may arise in each
of the cases (Chikh & Aldayel, 2014). Thus, the IEEE Standard 830-1998 is a reliable
source to assign and define the deductive codes to create the initial coding scheme.

iii.

Determine Operational Definitions:

This step involved defining each category and code using information system
literature and verified through field expert checks. The operational definitions were used
to check accuracy of data allocation to each of the codes and categories. The
operational definitions were also used to check inter-rater reliability to ensure the data
being coded was accurate and valid.
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iv.

Deductive Coding:

The deductive coding process involved going through the text and coding
sentences using the a priori codes of step (ii) and definitions of step (iii) to determine the
holistic information regarding each requirement. The deductive codes and categories
derived using existing literature is shown below in Figure 3.2.

v.

Inductive Coding:

Inductive coding was used to identify requirements that were not part of the initial
coding scheme. The text that referred to aspects regarding requirements that could not
be coded using the initial coding scheme were assigned a new code and categorized
appropriately. The inductive codes and categories derived using the data set is shown
below in Figure 3.2.

vi.

Abstraction:

The final step – abstraction - involved generating a description of the research
topic. This process involved organizing the information into the appropriate codes and
categories. During this step, each requirement was assigned as a category.
Furthermore, contextual information such as system processes, display, information
input was identified specific to each requirement, and each of these was assigned as a
subcategory related to each main requirement.
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Categories and Codes

Description of the Code

Inductive or Deductive Code/ Source (Deductive Only)

Abstraction Comments

1. System Descriptions
A.

System Purpose

High level description of purpose of the system being examined

Deductive Code (ISO/IEC/IEEE , 2011)

B.

System Scope

“Explain what the software product(s) will, and, if necessary, will not do;
Describe the application of the software being specified, including relevant
benefits, objectives, and goals”

C.

System Context

D.

System Functionalities

E.

User Characteristics

Reported in Thesis

Deductive Code (IEEE, 1998, p. 11)

Combined with “system purpose”. The seperation of the
two created redundant information.

“Describe at a general level the major elements of the system, to include
human elements, and how they interact.”

Deductive Code (ISO/IEC/IEEE , 2011, p. 51)

Combined with “system purpose”. The seperation of the
two created redundant information. Explanation within
"system purpose" was sufficient to explain "system
context".

“Describe major system capabilities, conditions and constraints.”

Deductive Code (ISO/IEC/IEEE , 2011, p. 51)

Reported in Thesis

Deductive Category (IEEE, 1998, p. 15)

Reported in Thesis

This section should describe “those general characteristics of the intended
users of the product including educational level, experience, and technical
expertise.”
2. System Requirements

A.

Functional Requirements

“Functional requirements describe the system or system element functions or
tasks to be performed.”

Deductive Category (ISO/IEC/IEEE , 2011, p. 13)

Reported in Thesis

i.

This category contained specific requirements that were related to user profile
and management of each users account.

Inductive Category

Reported in Thesis

This category contained specific requirements that facilitated collaboration
among users within the application.

Inductive Category

Reported in Thesis

This category contained specific requirements that were related to searching
for assets , groups, policies, and linked groups within the application.

Inductive Category

Reported in Thesis

iv. Preparedness Planning Requirements for End-users

This category contained specific requirements that facilitated generation of
ideas related to preparedness and development of strategies to implement the
ideas into an action-oriented outcome.

Inductive Category

Reported in Thesis

v. Disaster Relief Requirements for End-users

This category contained specific requirements that were deemed important to
facilitate activities for disaster relief efforts.

Inductive Category

Reported in Thesis

Non-Functional Requirements

“non-behavioral attributes of a system which constrain the way in which the
system must behave”

i.

“Usability requirements and objectives for the system include measurable
effectiveness, efficiency, and satisfaction criteria in specific contexts of use.”

Deductive Category (ISO/IEC/IEEE , 2011, p. 49)

Reported in Thesis

“Define the requirements for the system's management of information that it
receives, generates, or exports. Examples include types and amounts of
information the system is required to receive and store, any proprietary or
other protections levied on the information the system deals with, and what
backup and archiving requirements exist for the information.”

Deductive Code (ISO/IEC/IEEE , 2011, p. 53)

Reported in Thesis

User profile creation and management

ii. Collaboration Requirements for End-users

iii. Search requirements

B.

Usability Requirements

ii. Information Management

1

Deductive Code (Mirakhorli & Cleland-Huang, 2012, p.
Reported in Thesis
299)
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ii. Information Management

“Define the requirements for the system's management of information
that it receives, generates, or exports. Examples include types and
amounts of information the system is required to receive and store, any
proprietary or other protections levied on the information the system
deals with, and what backup and archiving requirements exist for the
information.”

Deductive Code (ISO/IEC/IEEE , 2011, p. 53)

Reported in Thesis

iii. Performance Requirements

Specify both the static and the dynamic numerical requirements placed
on the software or on human interaction with the software as a whole.
Static numerical requirements may include the following:
a) The number of terminals to be supported;
b) The number of simultaneous users to be supported;
c) Amount and type of information to be handled.

Deductive Code (ISO/IEC/IEEE , 2011, p. 59)

Not reported. Insufficient data available
to identify granular level of details.

iv. System Modes and States

Certain systems behave differently depending on the mode that the
system must operate under. This code intends to capture the different
modes that a system might be required to function within.

Deductive Category (ISO/IEC/IEEE , 2011)

Reported in Thesis

v. System Security

“Define the system security requirements related to both the facility
that houses the system and operational security requirements of the
system itself. One example of security requirements might be to
specify the security and privacy requirements, including access
limitations to the system, such as existence of log-on procedures and
passwords, and of data protection and recovery methods.”

Deductive Code (ISO/IEC/IEEE , 2011, p. 53)

Reported in Thesis

Deductive Category (ISO/IEC/IEEE , 2011)

Reported in Thesis

C. System Life Cycle Sustainment

This involves the collective set of actions that will facilitate adoption
and utilization of the system. This includes the level of training,
support, and documentation that may be required to aid the use of the
system.

D. Policies and Regulations

“Detail any relevant organizational policies that will affect the
operation or performance of the system as well as any relevant
external regulatory requirements, or constraints imposed by normal
business practices. Examples of requirements include multilingual
support, labour policies, protection of personnel information, and
reports to a regulatory agency.”

Deductive Code (ISO/IEC/IEEE , 2011, p. 53)

Reported in Thesis

E. Design Constraints

“This should specify design constraints that can be imposed by other
standards, hardware limitations, etc.”

Deductive Code (IEEE, 1998, p. 17)

Reported in Thesis

Figure 3.2: The final coding grid, consisting of inductive and deductive codes/categories.
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vii.

Activity Diagrams

The second phase involved generating activity diagrams of each main
requirement. In phase one content analysis provided a means of analyzing the problem
from the end-user point of view. Douglass (2016) asserts that while stakeholders are
problem experts, they lack the engineering background. Hence, it is necessary for
researchers to perform a workflow analysis to capture missing information or examine
contradictions. Workflow analysis is widely performed within the IS field using Unified
Modelling Language (UML).
The UML has distinct forms of diagrams including: class, use-case, sequence,
activity, and state chart diagrams. This study used activity diagrams as the specific UML
diagrams for requirement analysis. Activity diagrams are a standard system of UML
flowchart that showcase visually the actions and tasks that the system must do and how
it must behave per the requirements. In this research, the functional requirements
identified through the directed content analysis were modelled using the standardized
notations of UML.
3.3.2 Requirement Documentation
Requirement documentation involved synthesizing the findings from the directed
content analysis and activity diagrams. The processes of directed content analysis and
creating an activity diagram were combined to create a list of requirements. The
documentation is reported by titles associated with the coding scheme and the new
categories that were derived through the inductive coding process. All the requirements
including: general, functional, non-functional, interface, and system constraints were
reported and defined using natural language. Finally, the combined information was
used to generate a prototype interface for an online asset mapping application. These
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findings and information may be used by future researchers to validate and manage
requirements, thus paving the path for the actual development of an online asset
mapping tool.

3.4 Establishing Trustworthiness
For this research, Lincoln and Guba’s (1985) criteria for establishing
trustworthiness in qualitative research was adopted. In their framework, Lincoln and
Guba (1985) posit four criteria for assessing trustworthiness: credibility, transferability,
dependability, and confirmability. The credibility of the study refers to the confidence in
achieving the truth of the findings; transferability refers to research findings applicability
in other contexts; dependability refers to the reliability of the findings, its capacity to
achieve consistent results and; confirmability refers to the degree to which the findings
are representative of the participant’s own experiences and ideas, and not the
researchers own bias and perspectives (Krefting, 1991). The following sections provide
in-depth information regarding the trustworthiness criteria in this research.

3.4.1 Establishing Credibility
Credibility in this study was achieved through triangulation, debriefing, and
reflective commentary. Triangulation was achieved by examining two different
communities and by verifying the findings with related research within the literature.
Memos were taken during coding, which in-turn created a trail of thought processes in
the creation of the coding scheme, categories, and themes. This trail of thought provided
a means to understand how the inferences regarding the requirements were made.

52

3.4.2 Establishing Transferability
Stake (1994) postulated that even though an individual case is unique, it is still
representative of a larger group, and therefore, findings from cases can be applied to a
broader context (Shenton, 2004). While there is need for caution, Firestone (1993)
suggests that sufficient information should be provided by the investigator, to allow the
reader to decide whether findings are transferable to a different context. Therefore, in
this research, clear descriptions of the boundaries of the study are provided, including:
the number of participants, types of organizations, geographical locations, data
collection methods, number and time period of data collection sessions.

3.4.3 Establishing Dependability
According to Lincoln and Guba (1985), dependability is related to credibility.
Nevertheless, additional measures will be taken to ensure strong dependability. This
strength was enhanced by taking steps to achieve high inter-coder agreement.
Dependability was established by the researcher and supervisor independently coding
transcribed data. Once the data were coded, both individuals discussed the differences
and adjusted the coding scheme for clarity in definitions and reach agreement.

3.4.4 Establishing Confirmability
Many of the actions mentioned in the above sections together contribute to the
confirmability of the proposed research. As mentioned earlier, to ensure credibility,
reflective commentary was performed in the form of memos. This provided an audit trail
to inspect if biases and perspectives were apparent in the data analysis process.
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Chapter 4: Analysis and Results
This chapter highlights the findings from the two cases that were the focus of this
study. First, the discovered requirements of the asset mapping tool to aid disaster
preparedness activities are presented. Each of the requirements identified have been
defined, described, and supported by traceability from the cases. Additionally, this
chapter features UML diagrams for each functional requirement and provides a
prototype user interface derived from the discovered requirements. Then, the chapter
concludes by asserting this thesis’s stance on the validity of a standard “off-the shelf”
asset mapping application to enhance community adaptive capacity for disaster
preparedness and management.

4.1 The Functional, Non-functional, and General System Requirements
The first research question of this thesis was designed to discover the
requirements of an online asset mapping application. The requirements were derived
from using deductive and inductive content analysis of the requirement elicitation
transcripts from the Truro, N.S., and Waterloo, ON. communities. The requirements
identified are presented below, and include the following: 1) System Purpose; 2) System
Functionalities; 3) User Characteristics; and 4) System Requirements.

4.1.1 System Purpose
The purpose of the asset mapping application was to facilitate asset mapping as
a disaster preparedness activity. The application was largely seen as a tool to support
collaboration between different agencies, to strengthen existing preparedness plans, and
foster innovation by group asset mapping to support response and recovery during and
after a disaster. Truro and Waterloo community members recognized that resources and
54

skills exist in the community which can contribute to preparedness and support
community resilience. However, there was a lack of awareness of community assets,
and these assets were not integrated to create an environment of innovation,
collaboration, and facilitation of action-oriented outcomes. The quotations from the
community focus group meetings below support this analysis and highlight the potential
benefit of the application as seen by community members.

Truro (Table 1) – Table Top Morning: “And we said that if we look at the
large community, we’ve got all the resources here it’s just going to take the
leadership to tie all those resources, to connect the dots. We’ve got the
picture – the outline. We just need to connect the dots and I think this group
will connect the dots.”

Waterloo (Table 2) – EHRIT Afternoon: “This is great for preparedness.
That’s where my head is and we haven’t had that discussion about how do
you see this tool? I see this as, “Wow! We can see what other people are
planning and maybe they can network within themselves with certain
vulnerable groups.”

4.1.2 System Functionalities
The Truro and Waterloo communities identified key system functionalities that
were deemed to be requirements to facilitate disaster preparedness planning (i.e., to
meet the system purpose). Each of these requirements are listed, defined, and
supported by evidence from the cases below.

1. Enhance Community Awareness: This functionality in relation to online asset
mapping

application

refers

to

the

capacity

to

identify:

a)

community

organizations, b) collective organizational assets, c) community vulnerabilities,
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and d) different policies and regulations. The quotations from the cases below
provides traceability for this functionality:
Truro (Table 4) – Table Top Morning: “… I worked with the (organization), I
was part of the (organization), but then when I worked with another
organization, so there’s all these little circles for—You know, there’s a law
enforcement group and there’s a law—there’s a social group and then
there’s specifically targeted for aboriginal people—So like you said, we’ve
all got little dots in there, we’ve just gotta learn how to connect these all.

I was sitting here and . . . I’ve been running through my mind since this all
started. Just because I’m a people person and I just love having all kinds of
friends. . . We do presentations through Food Bank all the time with
different organizations. Seniors groups, youth groups-the diversity is
amazing. How many people will reach out and touch and . . . the one thing
that I . . . Not just this enrichment program, but I got introduced to but I’m
also gonna, you know, let them know more and that the—You know, she
could get a hold of me. Please go find out about what your other agencies
are doing and see how you can get involved as your organization and let
them know you’re out there.”

Waterloo (Table 3) – Table Top Exercise: “Even for me in my organization,
all of the seven departments that we have and all the different plans in
place, it’s brutal to just try and identify how everybody fits together. Like,
I’m gonna throw one out and I’m gonna give it back to you, is the Grand
River Transit, for us, is the whole transportation. They’ve got all kind of
different plans for all kinds of different scenarios, whether it’s like an
accident. . . bus driver hits somebody, or if it’s actual and evacuation where
we actually need to make sure that people get there to their own respective
terminal emergency response. So if there’s a chemical or bomb threat,
fire—all those kinds of things – they have those plans. So they’re always
struggling to try to figure out what emergency plan they pull out. So that’s
just one division within one huge department, right? So within our
municipality, you guys will have the same thing. You know, it’s that trying to
clarify how that all fits together, but then we try to clarify in an actual
emergency situation becomes a little bit more cumbersome . . .
So you see that we’re gonna be able to see this.”

These quotations represent the need of the community to understand the
different organizational and community disaster response plans. This awareness
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supports intra-organizational and inter-organizational disaster assets and plans,
and therefore allows members to identify what their roles are and where there
might be room for improvement. The holistic transparency is an important activity
for developing effective plans and removing confusion among different
stakeholders.
Truro and Waterloo participants also recognized that there was a lack of
collective awareness of all the different organizations and resources within the
whole community. Thus, it was asserted that the online asset mapping tool could
provide the means to identify, record, and analyze the assets available within the
entire community. The awareness provides the foundation upon which each
community can plan and mobilize these assets to address local needs.
Furthermore, it was discovered that organizations within each community had
synergistic relationships concerning the provision of services to citizens, yet there
were no means to convert these opportunities into actual programs. One
example of this is recognition of prospective vertical integration between the
Canadian Red Cross and other community organizations for disaster relief and
recovery:

Truro (Table 1) – Table Top Morning: “For example, when the Red Cross
responds to an emergency after EHS leaves and the fire department
leaves, the Red Cross is there and then [and] provides services for up to 72
hours – the first three days following an event or a house fire, for example.
Now, what we’re doing by this group is we’re extending our reach so that if
I know that after 3 days that the clients still are in need of services, I can’t,
through our national guidelines, provide them any more direct services but I
can [emphasis] connect them with the Food Bank, who can provide them
with physical resources. I can provide them with Maggie’s Place, who can
provide them with a car seat, for example. That sort of thing. So it’s long
reaching far past the three days, so it’s communities looking after
communities.”
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The above quotation exemplifies possibilities for collaboration between
organizations. In this case, the participant highlights the policy restriction placed
on the Canadian Red Cross in times of a disaster - specifically being able to
provide services for up to 72 hours’ post-disaster. However, the participant
recognized that citizens will require services beyond the 72 hours after a
disaster. Therefore, with an online asset mapping application the Canadian Red
Cross can identify “who” needs “what” and refer community citizens to
appropriate local organizations. This way, the community can decrease gaps in
services for citizens during recovery.
Community awareness is not only beneficial during disaster response or
recovery activities. Awareness of community assets can also decrease gaps in
services before a disaster occurs. For example, in the Waterloo case,
participants highlighted the potential for partnership between formal municipal
services such as the Police and community organizations to fill service gaps.
Waterloo (Table 1) – EHRIT Afternoon: “When someone’s staff calls 9-1-1
what happens? Right. So we do – we’re already doing work together with
the police and stuff like that. So then, if you’re putting up messages over
the media—well, if you can’t hear, how are we getting that message out to
our group? Do we have interpreters at shelters or do the police have an
interpreter …?”
Hence, participants from both Truro and Waterloo demonstrated a need
for the asset mapping application to facilitate awareness of community assets to
create service networks, aid in cross marketing between agencies, and enable
management of community assets more efficiently before, during, and after a
disaster, which supports community resilience.
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2. Facilitate Communication: The Truro and Waterloo communities identified a
disconnect related to communication between different community organizations.
An online asset mapping application was seen as a tool that could facilitate interorganizational communication within each of the communities. The quotations
from the Truro and Waterloo cases below provide traceability for this system
function.
Truro (Table 3) – EHRIT Morning: “Ok I just know a few years ago there
was a situation where, a community had a plan in place and, lo and behold,
a flood occurred. They followed through on the plan, meanwhile emergency
measures were following through on their plan only they weren’t able to find
the people they were looking for because they had already been looked
after. So it was a disconnect.”

Waterloo (Focus Group) – EHRIT Morning: “Blue Book goes online, it’s still
kind of static. So, what this is, it gives you a tool that you can update in real
time, okay? So both in the planning and during an event, you can access a
variety of, of information. And it’s a little bit like when we were here for the,
the exercise in Woolwich, and you had the HAM radio club there, okay?
And, and they were providing a kind of a service in the sense of being able
to communicate and that sort of thing. Well, in some ways, this is kind of
like a next generation of that –it’s not to replace HAM radio, but it’s really a
way to use networking and social media in a way that is useful to all of us.
To share information in real time, but also to share it beforehand and to
gather information afterwards.”

The quotation from Truro above exemplifies how lack of communication
between different organizations can lead to inefficient management of resources
and assets during disaster response and recovery. The miscommunication or
lack of communication between groups within a community can result in
duplication of services or ineffective distribution of assets. Thus, communication
features within the asset mapping application were deemed necessary to assist
in the development of effective and efficient disaster preparedness plans.
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The quotation from Waterloo asserts the importance of asset mapping in
terms of aiding communication. The input of assets creates an opportunity to
attain transparency into “who” is doing “what”. The ability to view assets and
organization’s profiles can allow members within the community to either
recognize service duplication or an opportunity for collaboration. The recognition
of each other’s activities provides an opportunity to communicate either within the
application or outside of the application to build common ground.

3. Facilitate Collaboration: Community organizations recognized that Truro and
Waterloo had the assets to manage disasters but lacked tools to facilitate
collaboration between different agencies in the community. Also, participants
identified key groups and organizations that were not included in disaster
preparedness planning, yet had considerable influence. For example, Truro and
Waterloo participants indicated a need to include organizations such as faithbased groups into disaster preparedness plans. However, involving the myriad of
organizations in a physical setting was deemed logistically difficult and
challenging.
The lack of inclusion of faith-based and civil groups in disaster
preparedness planning reduced the asset pool and created a gap in the potential
for collaboration. Participants stated the need for the online asset mapping tool to
facilitate inclusive collaboration between conventional and non-conventional
organizations within a community. The ability to bring different organizations into
the emergency planning activities was seen as a method to increase the asset
pool and enhance cooperation between various types of organizations to achieve
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a common goal. The following quotes provide the traceability of the system
functionality.

Truro (Table 5) – EHRIT Morning: “On a flip side of the needs, perhaps
something else that we talk about…you know, Churches and other
organizations, maybe some of them can say, ‘This is what we can do in the
event of some kind of emergency,’ and so that could even be another
column of how they can contribute.”

Facilitator: “Sure. They may have a kitchen, they may have people that
know how to cook, or they may have space for shelter – There’s all kinds
of—You know, they might have people who are drivers”.

Participant: “Yeah. So that could be another category that we could be
looking at adding, is: What can they do—“

Facilitator: “What can they do—“

Participant: “—over and above what they normally do.”

Facilitator: “Yeah. Okay, so as you go through this, you’ll be able to explore
that with them. And as we said, you can add columns if it makes sense to
you and if it fits within what you need in Truro. So, I guess—what I’m
hearing is—, you take it and you start contacting the different organizations
in each of your networks, you know, As [Another participant’s name] says,
you know, contact three of them, and they contact three and keep
expanding it that way, Okay?”

It’s important to note that communities also recognized that collaboration
requires rules, regulations, and governance structure. In the above quotation,
one of the key strengths of an online asset mapping application is discussed:
bringing together diverse organizations. However, each of these organizations
may have legal and policy requirements or concerns related to collaborating with
other organizations. This was also explored by participants in Waterloo.
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Waterloo (Table 1) – Table Top Exercise: “And in some circumstances,
certainly there is development between agencies and Social Services, and
the municipality around memorandums of understanding, which aren’t just
about what services are being provided. I think the bigger part about an
MoU is how we work together. If something starts going South, you know,
we don’t want blame to be put anywhere. We want to make sure that we’ve
talked about what insurance covers who. We’ve talked about—on the
liability. We’ve talked about if the facility does not come up to the
standards, how is that managed? And those kinds of things about how we
work together rather than what we’re doing together, is almost the bigger
part.”

The quotation above highlights the importance of agreements and in
certain cases legal contractual agreements in the form of Memorandums of
Understanding (MoU’s) to enable formal collaboration between different
agencies. Therefore, the online asset mapping application may require tools such
as agreements and the ability to write and upload agreements for all parties
involved to see. This level of transparency brings clarity into the responsibilities
of each partner in different situations.

4. Facilitate Asset Management: The participants asserted that the online asset
mapping application requires more than just the capacity to facilitate awareness
of assets; it must assist in the distribution of assets in times of need. The
awareness of assets alone simply creates a list of static resources, however, in
times of disasters, these resources require dynamic distribution to allow effective
disaster response. The dynamic nature of disasters requires smart automation of
tasks, such as distribution of assets to allow organizations and human agents to
concentrate on complex activities.
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Truro (Table 6) – EHRIT Afternoon: “…this is awesome. It gives us a way
to communicate and contact.
Well this is the thing is when [name] came to see us to see how the bingo
hall was. And we thought we fundraise the bingo to provide, the able transit
bus, and different programs for the members, and different things like that.
And there’s also some assistance for medical, some assistance for
technical aids if you’ve been a member for a certain amount of time. But
also, we have level access... [for people who are] disabled... We don’t have
shower facilities but we might be in areas that when the Red Cross comes
in and does an assessment of our building, we might be a building that
could be offered for storage of items in the case of a disaster and because
we’re right downtown and easily accessible, then it might be a good
location for all the different, fires, and police, and emergency men can
come in and get whatever they need... Maybe outside is a good place to
have it but there might be a need to have something central. Once she
comes in and they do the evaluation for our building then we’re gonna also
put down we’re available for this amount of space, should another service
need that space.”

Waterloo (Table 3) – Table Top Exercise: “Yeah. I think what this will end
up doing . . . I guess—Correct me if I’m wrong on this. I think what this will
do is automatic. It will help to kind of generate. . . some clarity around the
various groups that we have and how they fit in to emergency
management. Because not everybody felt in the past that they really had a
role in emergency management. We had our key folks around the table,
like at the—some of the NGOs like Red Cross, Salvation Army, St. John
Ambulance— and all these different agencies but there are other agencies
as well. Even like the whole Immigrant Services. Like they, you know,
settlement to the Y—All those things… the multicultural aspect of it was
well—languages and all that. That needs to be brought in as well.
Considering . . . so it’s all of those pieces.”

The community members identified a need for automation of possible
operational tasks and data reporting that could enable easier digestion of
information. Therefore, the online asset mapping tool needs to be able to aid
users in identifying the “right asset” for the “right people” at the “right time”. This
form of automation can free up time, which is a valuable resource in a disaster.
The automation of tasks, responsibilities, and movement of resources can create
clarity and contribute to efficiency in disaster response.
63

5. Facilitate Design and Implementation of Disaster Preparedness Plans: One of
the key findings was the potential for the asset mapping tool to facilitate design
and implementation of new preparedness activities, policies, or plans. The
recognition of the consolidated community assets was determined to be a
facilitator for innovation related to disaster preparedness activities. Community
members recognized the potential for the application to go beyond creating an
asset database. It was asserted that the asset pool identified could be leveraged
to design and fulfill new preparedness activities, which in the past might have
been deemed impossible due to lack of resources.
Truro (Table 4) – Table Top Morning: “You know; we’ve got the resources
we need to do the job. It’s making the connections between them and then
figuring out how to make where everybody’s spot is during the disaster
response or the recovery or the relief. That’s the biggest discovery. We’ve
got everything we need under the umbrella of . . . Colchester or Truro . . .
And then the next discovery is, “Okay, we actually know how to connect all
these dots. To put all these people in the room to come up with the best
response for the situation.”

Once the plans are agreed upon, the online asset mapping application
must allow the assignment of resources to new preparedness plans that are
generated by the community. The system must have the functionalities to provide
visibility for the new plans produced by the community, record the new plans,
assign assets, and assign roles to individuals or organizations. Traceability of this
requirement is highlighted by Waterloo participants, who have used the example
of shelter management to emphasize the importance of this requirement.
Participants assert that the online asset mapping could guide shelter managers
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to triage people as they enter the facility and connect them to organizations or
individuals that could help with their respected need.

Waterloo (Table 3) – Table Top Exercise: “So we have to start working
through what we would actually be dealing with within our roles and
functions that we would be doing here. So . . . I think that . . . Maybe I’ll
use—This is something I have from a different exercise, but I wonder if we
can designate . . . Well . . . Salvation Army we know is looking after clothing
and food. St. John Ambulance is looking after first aid. Registration and
information and. . . lodging as far as for coats, blankets, and things that—
Red Cross is doing that. But who’s doing the animal care? People arriving
with pets. Are some of them service animals? In which case, we have to
allow for that. In some cases, they’re just pets and you’re gonna be hard
pressed to pry that little dog out of that poor dear soul’s arms so . . . How
are we—How will you manage that? People are going to need prescriptions
. . . and that’s—and healthcare equipment was identified…”

4.1.3 User Characteristics
The analysis of the Truro and Waterloo asset mapping intervention led to the
discovery of three different user groups. Each of these user groups is explained more indepth below.
1. Organizations – This involves users that represent a community organization.
The objective for this user group is to highlight what they do so others may
learn and be aware of the organization's objectives and services. The
organizations can also see what others are doing so they can avoid
duplication of services; additionally, they can identify key partners to
collaborate and build programs together. The utilization of the asset mapping
tool may be dependent on the type of organization. For example, a
government agency might use this platform to disseminate and communicate
major policies that govern disaster management activities. Whereas, a non-
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profit organization might utilize this platform to identify assets of other
organization’s that they can leverage to build an innovative new program.
Ultimately, this platform facilitates collaboration, communication, and
development of disaster preparedness strategies.
2. Organizational Members: This user-base is composed of individuals that hold
official positions within a specific organization. These users might be given
different permissions by administrators to perform actions on behalf of the
organization. The actions may involve managing the organization’s
information or be placed in charge to build a new program through
partnerships and identification of needed assets.
3. Volunteers – This user-base is composed of members that are not affiliated
with organizations but are interested in participating in activities related to
disaster management. Volunteers are an important source of community
assets and their involvement can create a more whole-of-society approach to
disaster planning. The primary activities related to this user-base involves
searching for new opportunities and finding organizations and activities they
can participate in.

4.1.4 System Requirements
The following subsection provides details of requirements that were derived from
the case analysis related to the online asset mapping application from Truro and
Waterloo. The subsections below give details of functional and non-functional
requirements, information management, system life cycle sustainment, modes, and
security requirements. Each of these categories provides the scope of requirements
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related to the whole system as discovered in the analysis of the Truro and Waterloo
cases.

A. Functional Requirements
This section identifies and describes each functional requirement that was
derived from the analysis of both Truro and Waterloo. Additionally, each functional
requirement is graphically represented using Activity Diagrams indicating the sequence
of actions that are needed for each requirement to be functional. Additionally, userinterface prototypes for each requirement are also displayed to provide a visual
representation of possible future design of the application.

i.

User Profile Creation and Management

1. Creating an account: Access to the system should be granted once a user has
registered an account using an email and a password. Furthermore, during
registration the user should be required to input contact information such as email, phone number(s), and any association with organizations. An example of
the process for creating an account is shown in the UML (User Modified
Language) diagram of Figure 4.1 below. The e-mail must be valid, and the
password must be of minimum eight characters in length with a mixture of
numbers, symbols, and special characters. An example User Interface (UI)
wireframe for adhering to this requirement is shown in Figure 4.2. The password
guideline stated before is derived from the general recommendation for a strong
password.

This requirement of “creating an account” provides the means to

adhere to security and non-functional requirements that will be discussed later.
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Therefore,

this

requirement

has

a

dependent

relationship

with

other

requirements. The following quotation provides traceability of the requirement.

Truro (Table 3) – EHRIT Afternoon: “So then once put your email address
in, you then figure out what password you want to use and then you reenter the password. And again, the password needs to be a minimum of 8
characters in length.”
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Figure 4.1: UML Diagram for “Creating an Account”.
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CREATING AN ACCOUNT

Name

E-mail

Phone Number

Organization

Organizational Role
(i.e., Project Manager etc)

CRE ATE AN ACCOUNT
OR Create Account Using Your Social Networks

Figure 4.2: UI wireframe for “creating an account”.

2. The user should be able to modify their profile information anytime: Information
other than a user's name should be modifiable anytime. In addition, if users
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change their position or jobs, they should be able to modify their status (i.e.,
change their current position and organization). Furthermore, once a user
dissociates from an organization he/she should be required to delegate assetsharing groups or documents owned concerning the agency to an appropriate
user. For example, if a user represents the Canadian Red Cross in an asset
sharing group and either changes position within the organization or moves to
another organization, the user will need to delegate another Canadian Red Cross
user as a replacement in the asset sharing group to represent the organization. A
UML diagram is shown below highlighting the process for modifying account
profile in Figure 4.3, and an associated UI wireframe is shown in Figure 4.4.
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Figure 4.3: UML Diagram for “Modifying user profile”.
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Figure 4.4: UI wireframe for “Modifying user profile”.
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3. The user must be able to enter assets: The application must allow for individual
users (e.g., volunteers) and organizations to enter assets. Each asset entered
must also be categorized using the CHAMPSS framework. An UML diagram is
shown below in Figure 4.5 for this requirement and a UI wireframe is displayed in
Figure 4.6.
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Figure 4.5: UML Diagram for “entering assets”.
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Figure 4.6: UI wireframe for “entering assets”

4. Users (individuals and organizations) must be able to modify the assets they
have entered anytime: The application must allow existing users to modify the
respective assets anytime from their profile. Assets are dynamic; therefore, it is
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plausible that assets of individual users or organizations can change from time to
time. Therefore, this requirement is needed to ensure the community asset
inventory reflects the reality of the community according to the time. An UML
diagram is shown in Figure 4.7 and UI wireframe is shown in Figure 4.6.
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Figure 4.7: UML diagram of “modifying assets”
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5. Invite users to the system: The system must allow existing users to invite other
individuals or organizations to the system via e-mail or social networks. Once,
the invitation is sent, the invitee should receive an e-mail notification inviting them
to join the application. The e-mail should re-direct the user to the registration
page of the application. An example of the UML diagram of the requirement is
shown in Figure 4.8 and a UI wireframe is shown in Figure 4.9. The following
quotation provides traceability of the requirement.
Truro (Table 5) – Table Top Morning: “You know? Listening to somebody
and all of a sudden, the green light bulb goes on. ‘Wow, I got an idea.’
I don’t mind letting (person) get involved. He loves getting involved in
things.
Yeah. It’s like—I think we should bring more people—some more people on
board. I know we need some . . . somebody like the police and fire
department and that should be represented here.”
Participant: “Can you send invitations from this . . . application?”
Facilitator: “Well, you might want to do it in a way that it—because just the
way you learned today . . . you know, is—Remember I said, ‘See one, do
one, teach one.’ So if you invite somebody from another organization to get
involved, you might want to show them how to do it. Okay? Yes?”
Participant: “If we invite a member of the Church to come in to this Group,
they would add what their programs are at the Church and where that
would fit with, right? Psychosocial, mobility . . . So your EHRIT category’s
there for Disa—for DCSC . . . would be . . .”

The quotation above reflects the generation of new ideas, whereby
additional participation from other organizations might be required. Also, as more
members are invited, each user might recognize the extent of their social
networks. This might motivate them to add these users to the system to either
implement a new strategy or to increase the asset pool. The ability to invite others
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creates the potential to grow the asset pool and assist in a whole-of-society
approach to developing disaster preparedness plans.
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Figure 4.8: UML diagram for “inviting organizations”.
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SENDING INVITATION

Invite others via mail

Invite via social media

Name

Via Facebook

E-mail

Via Twitter

SEND INVITE

Via LinkedIn

Figure 4.9: UI wireframe for “sending invitations”.

6. Setting up e-mail notifications: Users must be able to choose to receive e-mail
notifications for content they choose to follow within the application. Once the
followed content is changed or updated, the end-user should receive an
automated e-mail notification alerting them of the update or changes to the
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content. The process of setting up e-mail notifications is shown by the UML
diagram in Figure 4.10, and its associated UI wireframe is shown in Figure 4.11.
Furthermore, the quotation below provides the overall traceability of the
requirement.
Truro (Table 1) – EHRIT Afternoon: “If I can have your attention for a
second. A couple of people have asked about, how you can find out via . . .
email notification if people changed documents. So if you open up any of
the documents. . . in Truro and if you go to . . . up here where it says
Comments. And if you just click on that comment box . . . it drops down a
menu and one of the options says Notification Settings so then if you just
click on that one . . . and then you wanna make sure that its clicked on
Enable Email Notifications.”

The system in time will contain a large amount of information. As the users engage
with different aspects of the online tool, e-mail notifications will inform the user
related to the evolution of updates to content that the user deems relevant. The email notification will provide a means by which users can easily keep track of the
changes that are being made to the content of their interest.
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Figure 4.10: UML diagram for receiving e-mail notifications.
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EMAIL NOTIFICATION

CONTENT

LEARN MORE

Figure 4.11: UI wireframe for “receiving e-mail notifications”.

7. The user must be able to modify the e-mail notifications setting: Users must be
able to choose and modify the number of e-mails they receive in their inbox per
their preferences. Additionally, users must be able to choose and modify at any
85

time their e-mail subscription to content. This is to ensure e-mail notifications do
not lead to a negative end-user experience. The following options must be
available for each user profile: (i) receive individual e-mail per subscribed
content, (ii) receive daily summary e-mail for subscribed content, (iii) receive
weekly summary e-mail for subscribed content, and (iv) receive no e-mail. The
following quotation provides traceability of the requirement. The process of
modifying e-mail notifications is shown by the UML diagram in Figure 4.12, and
its associated UI wireframe is shown in Figure 4.13.

Truro (Table 1) – EHRIT Afternoon: “For this Document’s Thread and you’ll
notice that it defaults that if you make a comment that somebody then
comments to, you will automatically get a comment on that. So what it does
is it automatically defaults that if anybody makes a comment to a comment
you made, you’ll get notification. If you click on this box here, which is
normally un-clicked – so we change it to this – what you’re doing is you will
now get an email anytime somebody makes a comment or a change to that
document. The only thing you want to be aware of if you click this one is
that if you have a very active group, you could get a lot of email
notifications.”
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Figure 4.12: UML Diagram for “modifying e-mail notifications”
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NOTIFICATIONS PREFERENCES

Notifications Preferences
How often do I want to be notified about:
Responses & Notifications

Individual
Emails

Daily
Newsletter

Weekly
Newsletter

No
Email

Individual
Emails

Daily
Newsletter
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Newsletter

No
Email

Mentions
Responses to my content and Notifications for me

Content that I am following:
Asset Sharing Group
Government Policies
Canadian Red Cross Policies
Volunteer Community
Asset Sharing Group for Homeless Shelters
Asset Sharing Group for New Immigrants
Asset Sharing Group for Pets
Disaster Shelter Management

Email language
English

French

Save

Restore Defaults

Cancel

Figure 4.13: UI wireframe for “modifying e-mail notifications”

ii.

Collaboration Requirements for End-Users

1) Users must be able to communicate to other users using the instant messaging
(IM) application: The system must allow online users to communicate via an
instant messaging tool. This is seen as a collaborative mechanism that can
facilitate a conversation between one-on-one or group chats. The IM tool will
facilitate

real-time

communication

to

increase

user

engagement

and
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collaboration. The following quotation provides traceability for the requirement. In
addition, an UML diagram related to IM is shown in Figure 4.14, and its
associated UI wireframe is shown in Figure 4.15.

Truro (Table 1) – EHRIT Afternoon “You can’t see it from here, can I?
Viewers. It says 7 other viewers. So that’s all the people in our collective
group that are signed in at the same time.
We see each other’s comments and can actually, if you’re all on at the
same time, you can comment conversations back and forth.
This would be such a . . . a great tool—Yeah.”
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Figure 4.14: UML diagram of “Instant Messaging” initiation.
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John

User 1

Available

Available

September 29, 2016
Search User / Group

John
User 1
At omnimo veris

User 2

Available

Hello
User 1
Hi
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10:10 AM

Available

Saesto elit difo

Role, Organization
Executive assistant, TELO
Email
user1@mail.com
Phone Number
888-888-8888
Asset Group 1
Maelictu se

How are you?

Figure 4.15: UI wireframe for “Instant Messaging” initiation.

2) Users’ statuses within the IM tool: The system must allow users to toggle
between different statuses within the IM tool. These statuses include: available,
busy, in a meeting, Do Not Disturb, and offline. This is required to enable realtime conversations and to add visibility to member’s contextual situation to better
91

facilitate conversation between users of the application. The following UML
diagram related to status change within the IM is shown in Figure 4.16, and its
associated UI wireframe is shown in Figure 4.15 above.
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Figure 4.16: UML diagram for “Instant Messaging status change”.

3) Users must be able to broadcast messages within the application to all the
members: This requirement involves an individual user to be able to broadcast a
message to all the users of the application. The message published will be
displayed in other users’ update feeds. This form of communication facilitates
quick dissemination of information. The ability to perform this action is shown by
the UML diagram in Figure 4.17, and UI wireframe in Figure 4.18.
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Figure 4.17: UML diagram for “Broadcasting Message”.
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Figure 4.18: UI wireframe for “Broadcasting Message”.

4) User must be able to access organizational and government policies: Disaster
management involves organizations from different sectors of the community
including private, public, and community organizations. Each organization has
their mission, vision, and policies that guide their operation. The asset mapping
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application must highlight the policies and disseminate any changes, so users
within the system can see the gaps, duplication, and opportunities for growth.
The ability to perform this action is shown by the UML diagram in Figure 4.19,
and UI wireframe in Figure 4.20. The following quotation provides traceability of
the requirement.

Truro (Table 1) – Table Top Morning: “One of the goals that I had
envisioned for the ColREST group and the EnRiCH group is to have each
agency present their emergency preparedness steps on what they’ve
taken, and that opens up dialogue and that opens up opportunity. Because
I know one of the sessions we did here, the very first one, a lot of people
walked away with like, ‘What does the community or the town have
planned? Or the municipality have planned for emergency preparedness?’
And though the plans were in place, they weren’t necessarily shared or
everyone wasn’t aware of it.”
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Figure 4.19: UML diagram for “accessing community policies”.

97

Policy page

Canadian Red
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My Organizations
Policies

Federal
Government
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Shelter Policies

Asset Sharing
Group New Immigrants
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Saved Policies
Federal Government City Policies
Shelter Policies

Figure 4.20: UI wireframe for “accessing community policies”.

5) Users must be able to create policies within the application: The asset mapping
application must provide an opportunity to create rules and regulations to
mobilize the assets for disaster preparedness or relief efforts. Hence, the asset
mapping application must allow users to create policies online. This involves the
ability to write or upload documents and facilitate real-time editing by multiple
users, and the capacity to see changes made by different users for full
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transparency. The ability to perform this action is shown by the UML diagram in
Figure 4.21, and UI wireframe in Figure 4.22.

Figure 4.21: UML diagram for “creating community policies”.
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Settings
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Members:
Member 1
Member 2
Member 3
Member 4

Chat

Figure 4.22: UI wireframe for “creating community policies”.

iii.

Search Requirements

1) Search organizations and assets supporting a need: Users must be able to
search and identify organizations and assets matching a specific asset search
query. Assets should include tangible or service oriented resources related to the
search query. This requirement aligns with the systems purpose to facilitate
awareness and collaboration. The ability to search assets will provide users with
the capacity to discover what is already available within the community. This will
aid in responding to local needs with local resources. The ability to search assets
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will create a means to bring innovative new ideas to life through partnerships and
collaboration. Additionally, if a needed asset is not found, then it provides a
justification to build that asset through external help, such as higher levels of
government. The ability to perform this action is shown by the UML diagram in
Figure 4.23, and UI wireframe in Figure 4.24.

Truro (Table 6) – EHRIT Afternoon: “Let me tell you something, I know like,
every day, dozens of times somebody comes to me and asks, where they
should go. You know? I’ve got another piece of paper here somewhere.
And then you have to give a set of like 15 different instructions. Anyway I
like this. I really do like this.”

Waterloo (EHRIT Focus Group): Participant: “…for search or a search
mode, or something like that?”
Facilitator: “Yeah, there is, but now you’ve got to the point where I’m, I’m
not the resident…
Yeah, I am not sure. Someone’s asked me about that, because you may be
able to search by…”
Participant: “Keywords, yeah.”
Participant: “Key topics, key words.”
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Figure 4.23: UML Diagram for the requirement “search organizations and assets
supporting a need”.
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Figure 4.24: UI wireframe for the requirement “search organizations and assets
supporting a need”.
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2) Search linked assets that address a specific need: Users must be able to identify
a set of assets that are collectively supporting a specific cause or a demographic.
The asset mapping tool needs to provide specific information to allow better
decision making. The requirement of being able to identify assets that are
currently serving a specific population allows for better disaster planning. It
provides the capability to engage all relevant stakeholders and opens the ability
to identify the gaps within the community. The ability to perform this action is
shown by the UML diagram in Figure 4.25, and UI wireframe in Figure 4.26.
Additionally, the following quotation provides traceability of the requirement.
Truro (Table 4) – Table Top Afternoon: “So, what would be the
communications issues that they would need in that scenario? Based on
that, what assets are available? So what’s available already in Truro that
would meet that? Which groups would provide the support and the
resources? Okay, so it might be Red Cross but it might be some of the
other groups, too. Like – So for example if somebody is Deaf, maybe there
is another group that would be involved with working with the Red Cross.
So, what are the other groups that would be involved to support that? And
then what planning would be needed in order to link those groups?”
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Figure 4.25: UML diagram for the requirement “search linked assets”.
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Figure 4.26: UI wireframe for the requirement “search linked assets”

iv.

Preparedness Planning Requirements for End-Users

1) Create asset sharing group: Users must be able to create and request assets
from others to create a linked asset group to address a specific issue or support
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specific demographics. One of the key purposes of the online asset mapping tool
is to facilitate the implementation of innovative plans and strategies. The
requirement of creating a linked asset group provides the mechanism to leverage
local assets to create a synergistic relationship to serve a demographic
holistically or address a specific community need. This requirement will involve
users first analyzing what assets are required and what. Once that is determined
the user can request others within the community to commit the required assets
to address the need. Organizations and individuals within the community can
proactively choose to participate (if they are able) and create an integrated set of
assets that can benefit the community related to disasters. The ability to perform
this action is shown by the UML diagram in Figure 4.27, and UI wireframe in
Figure 4.28. Additionally, the following quotation provides traceability of the
requirement.
Waterloo (Table 4) – Focus Group: “Yeah, so we have, like, the different—I
guess like when you’re speaking, like wheels or spokes, we have those
different concentric circles. So we have it specifically for the secondary
groups like Social Services. Different variations for declared/undeclared
emergencies. We have those groups. But we also have it for the
emergency responder groups. We have like the CEMC meeting on a
regular basis and these kind of things and each municipality has their own
respective emergency plans, so it’s almost like all these different groups
exist but the sharing of information happens at all those different levels as
much as possible.”
Participant: “Then where does, like Ray of Hope or ourselves then fit in.
Because we don’t fit in to those groups.”
Participant: “Well, you would in the Social Services. Like in that group, you
would. So it would come under that group...we’d have to figure it out.”
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Figure 4.27: UML diagram for the requirement “create asset sharing group”.
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Figure 4.28: UI wireframe for the requirement “create asset sharing group”.
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2) Assignment of user roles within asset sharing group: The application should
allow assignment of roles and responsibilities to a user or an organization within
an asset sharing group. The ability to assign roles and responsibilities to a user
or an organization creates transparency into “who” will do “what” concerning the
assets within the shared group. This also helps set up the governance rules to
operate efficiently and effectively. The ability to perform this action is shown by
the UML diagram in Figure 4.29, and UI wireframe in Figure 4.30.

Figure 4.29: UML diagram for the requirement “assigning roles in asset
sharing group”
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Figure 4.30: UI wireframe for the requirement “assigning roles in asset
sharing group”

3) Accept or decline invitation to join asset-sharing group: Users must be able to
accept or decline invitation requests sent by others to join asset-sharing groups.
These invitations will be aimed at addressing the specific needs of the
community (e.g. address needs of people with functional limitations related to
movement in a disaster). This allows a user to analyze the invitation and assess
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if the user or the organization can contribute to the asset-sharing group. The
ability to perform this action is shown by the UML diagram in Figure 4.31, and UI
wireframe in Figure 4.32.
This requirement provides a method to mobilize existing community
assets to create an action plan. However, there is a need to attain permission
from asset owners to determine if collaboration is possible or is mandated by
their mission or vision. This requirement ensures that collaboration is based on
mutual agreement between two or more partners. This safeguard users and
organization from automatic enrollment into activities that might not be part of
their mandate or not feasible.
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Figure 4.31: UML diagram for “accepting or declining an invitation”.
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Asset Group Invitation

Invitation
User John Barret has invited you to
the Asset sharing group for people
with hearing limitation.

Accept

Maybe

Decline

Figure 4.32: UI wireframe for “accepting or declining an invitation”.

4) Create a disaster asset inventory: The objective is to create a pool of assets that
can be used in times of a disaster. Users, leaders, or a group of organizations
within a community can initiate partnerships among public and private sectors to
identify a set of assets that will be made available in times of a disaster. The preplanning of assets available from all sectors of the community in a proactive
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manner may limit human and material loss in times of a disaster. The following
quotation provides traceability of the requirement.
Truro (Table 3) – Table Top Afternoon: “One, one of the things that we
found here in the past during responses is – and I don’t know if you can
chalk it up to . . . small community or Atlantic Canada –but one of the
things that I’ve noticed through my office is when we’re in a response,
oftentimes, agencies such as Salvation Army, food bank, are calling the
Red Cross and saying “What do you need?” Or there are corporations
calling the Red Cross saying, “What do you need? How many skids of
water do you need? How many skids of blah blah blah do you need?” And
so, and I don’t know if that’s because it’s Atlantic Canada or it’s the
relationships that we’ve built within the community. Oftentimes, the other
agencies are the ones that are ahead of us, and they’re calling us, to say,
“Okay we’ve got this and this and this,” So we will throw that on our
resource board. And that has been the trend here in this community,
anyways.”
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Figure 4.33: UML diagram for “creating a disaster asset inventory”.
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Figure 4.34: UI wireframe for “creating a disaster asset inventory”.
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v.

Disaster Relief Requirements for End-Users

1) See all the assets of the community: This requires a macro-view of all the assets
of the community. This data should be generated from all the users within the
community and their associated assets entered into the application. Users (e.g.
shelter manager) should be able to attain the macro view of assets, filter, and be
able to contact the asset owner(s). The objective is to use local assets first and
utilize the inventory to address imminent issues that may require immediate
access to specific assets. An UML diagram for this requirement is shown in
Figure 4.35, and its associated UI wireframe is highlighted in Figure 4.36.
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Figure 4.35: UML diagram for “community asset display”.
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Figure 4.36: UI wireframe for “community asset display”.

2) Send notification to disaster inventory asset owner(s) during a disaster to update
the status of assets: The application must be able to send specific notifications to
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users that had committed to supply assets in times of a disaster. The notifications
are sent to analyze the status of assets within the community that are accessible
and available for distribution. This requirement is linked to the “create a disaster
asset inventory”, which must occur during the planning phase. This requirement
allows mobilizing the assets in the inventory pool for relief activities during a
disaster. This is a back-end system activity that can be prompted when the
system is switched to disaster mode. Therefore, no UML diagram is displayed,
however an UI wireframe of the e-mail notification is shown in Figure 4.37 below.
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Shelter for 100 people

100 water bottles

2 sign language translators

Yes, assets are correct

No, modify assets

Figure 4.37: UI wireframe for “E-mail notification for asset update during a
disaster”.

3) The application should aid in providing geographical location of assets: The
application must provide the geolocation of assets within the community. This
information can be used for more efficient distribution of assets. Geolocation of
assets can be used to attain needed resources that are closer to the affected
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area, thus increasing efficiency and potentially reducing the risk of harm to
people and community infrastructure. This requirement is linked to “see all the
assets of the community”, therefore please see Figure 4.34 for UML diagram and
this requirement associated UI wireframe is shown below in Figure 4.38.

Assets locations

Medical
Aid Station

Shelter for People
with Disabilities

Shelter

Transportation
Depot

French Translator

Figure 4.38: UI wireframe for “geographical location of assets”.

4) The system should help in distribution of assets that are part of the disaster asset
inventory and the general community: The system should have the capability for
a user to request a specific asset to a specific area. The system should be able
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to process the communication between the asset requester and the asset owner
to supply the appropriate asset to the appropriate place. The movement of the
asset should provide geolocation data, if possible. Furthermore, once the asset is
delivered, there should be automated confirmation of the successful delivery. The
data analysis did not lead to concrete findings related to “who” would oversee
management of the distribution, whether it will be available to all – or to shelter
managers or specific leaders within the community. However, a potential UML
diagram is shown in Figure 4.39, and its associated UI wireframe is shown in
Figure 4.40.
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Figure 4.39: UML diagram for “distribution of assets”.
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Search:
Sign language translators

Requests:

Locations:

2

Request 1

Roviditat volutent eatur

1

Request 2

Eveles sunt ende

Red
Cross

Request 3

3

1

Eatur parchil ima dese

Request 4

Dunt eatiasp edisti

1

2

Status:
Available for delivery
Available for pick-up

Message:
I need a translator ASAP
Send

Status of request:
Item 1

Item 2

Item 3

Waiting

In progress

Completed

Figure 4.40: UI wireframe for “distribution of assets”.

5) The system should automatically update utilized assets from the community
asset inventory and the community in general as they are depleted: The asset
inventory that is dedicated for disasters should be updated as assets are picked
up and delivered to different locations. This way, relief organizations can attain a
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better comprehension of external resources that are required and communicate it
to the appropriate agencies to attain those assets. This is a back-end activity and
therefore no UML or UI wireframe is provided.

B. Non-functional Requirements
The section below provides a set of requirements that provide the scope of nonfunctional requirements (NFR’s) that were identified in this thesis. The NFR’s provide the
systems constraints that must be adhered to while designing and developing the online
asset mapping application.

i.

Usability Requirements

1) Accessibility requirements:
a. Alternatives for non-text based content: The system should provide an
option for all non-text content to have a text-based alternative. The
system should include a text-based description or sign-language
interpretation of audio content. Furthermore, the system should have
captions for video content that are uploaded to the system. This will
ensure that those who have functional limitations (e.g. visual restrictions),
can understand and contribute to the content.
b. Resize Text: The system must allow for the text displayed to be resized
up to 200 percent (exception: captions and images of text). This is
important to ensure users with visual limitations can read, understand,
and contribute to the system. This is important to ensure the system is
inclusive for people with functional limitations.
127

2) Operability requirements:
a. The system must support all major browsers: The system must support
the following browsers, Internet Explorer, Chrome, Safari, and Firefox.
This will ensure that all users can access the system using their choice of
browser without having to download a new one, which may limit adoption
and usage. For example, if a user is expected to download a new browser
to use the system, it might detract from using the system in the first place.
b. The system must be mobile and desktop compatible: Smartphones are an
important point of connectivity between individuals and between
organizations. Therefore, it is important to ensure that the system is cross
compatible among desktop and mobile devices. It is important to make
sure that user experience among all devices are consistent to lower the
curve of learning.

3) Language Requirement:
a. Language Requirement: The system should support both English and
French for user-interface commands, reports, and notifications per user
preference. These two languages are Canada’s official languages;
therefore, effort should be made to support both languages. Additionally,
effort should be made to include other dominant language of the
community (e.g., Hindi, Arabic, Cantonese, and Mandarin).
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ii.

Information Management

The section below provides requirements related to information management of
the online asset mapping tool derived from the analyzed cases. These requirements
highlight specifically how information must be controlled, shared, and protected.
1. User Permission: The system must be able to assign different permission levels
for organizational pages and linked groups (e.g., administrators, editors). This will
limit accidental or intentional removal of information that might be relevant to the
objective of the linked group. Furthermore, it creates a separation of power which
increases the security of the information.
2. Content Permission: When documents are created, or uploaded, users should
have the ability to assign different permission levels to collaborators. These may
include: read only, read and write (sharing excluded), editor (can read, write, and
share), and co-owner (full control). The access to information on a “need to
know” basis provides a layer of security to ensure content are not accidently or
intentionally removed, deleted, or changed.
4) Recoverability requirements: The system should be backed up to a cloud
platform to ensure it is constantly stored in real-time and can be recovered in the
case of a disaster. The use of the cloud-based system will ensure a robust
disaster recovery process. The allocation of data to the cloud will ensure
information is not lost due to a disaster that may damage servers or infrastructure
if it was stored locally.
5) Archive requirements: Documents that are created and edited online should be
archived automatically in each session and versioned with each change or
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upload session. The documents should also be stored in the cloud to ensure soft
copies of information are not lost due to a disaster.

iii.

System Modes

The online asset mapping tool was determined to have multiple system modes to
facilitate specific activities. The analysis of the cases highlighted key modes that require
specific requirements. The comprehension of different states can facilitate design
processes for each mode. Disasters are dynamic events, which require specific
requirements during different focal points. The comprehension of these developments
can guide designers to create the right functionalities for the right time.
1. Planning for Disasters: In this mode, the application serves to identify and
mobilize local assets to create effective plans to enhance community resilience.
In this mode, the system facilitates communication, awareness, collaboration,
and generation of new strategies. In this state, the users are more concerned
about mapping the assets, analyzing opportunities for partnerships, and
collaboration among different sectors of the community. This also provides an
opportunity to develop policies that will define roles and responsibilities in times
of a disaster. Furthermore, in this state the community is recognizing the gaps
and duplication of services. The gaps identified can be resolved by local assets
that are not being utilized or may require external support to fill that gap.
2. Disaster Response: In this stage, the application will be used to manage a
specific disaster. The system’s main functions during this state will involve:
managing roles and responsibilities, facilitating distribution of assets, and helping
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to manage shelters. In this mode, the assets are mobilized to fill the needs of the
community.
3. Disaster Recovery: In this mode, the tool is used to assess the remaining assets
from response activities. Additionally, the system will be used to understand the
need of the communities and use the tool to build the strategies to guide longer
term recovery. For example, an institution that typically supports individuals with
intellectual disabilities might be impacted by the disaster. In this situation, the tool
can identify organizations that can provide the space and create partnerships to
assist individuals that have an intellectual disability. Furthermore, it provides an
opportunity to examine the policies developed in the preparedness phase and
critique them to fill any gaps identified through the experience.

iv.

System Security

This section provides requirements that were derived from the case analysis
related to system security. The inductive and deductive analysis resulted in the
discovery of the main security requirements that were deemed by the user to be vital to
the operation of the online asset mapping tool. Each of these requirements has been
listed and explained below.

1. Authentication requirements: All users logging in must input a correct username
and password associated with the account. This is to ensure that the right user
has access to the system and to prevent unauthorized access to the system.
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2. Logical Access Control: Depending on the governance structure defined by
community members, different members or organizations should be limited in
what they can access and what they can do within the system.
3. Audit Trails: The system should facilitate the ability trace actions of individual
accounts. The audit should allow administrators or responsible users to identify
“who” did “what” and “how” and “when”.

C. System Life-Cycle Sustainment (SLCS)
The section below identifies the set of system life-cycle sustainment (SLCS)
activities that were identified in the case analysis. The SLCS highlights key activities that
need to be performed to facilitate adoption and usage of the system. Hence, the
activities listed below provide holistic activities that are required to ensure user adoption
and utilization.
1. Introducing the Value: The first step of SLCS involves communicating the purpose
and value of the system. It is important to highlight the overarching goal and how the
system will add value to each member, organization, and community. Unlike other
systems, the adoption of a community based application requires a level of face to
face interaction to showcase the actual value of the system. Especially, since
community organizations do not have the extensive financial assets as private
organizations, thus asking users to spend time learning without explaining the value
might lead to low adoption and usage.
2. Needs Assessment: This requires identifying technical barriers of users that may
limit adoption and usage of the system. In addition, it involves identifying human
resources, time, and financial limitations that may also contribute to issues related to
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adoption and usage of the application. It is important let the community identify key
issues they see as limitations to the utilization of an online asset mapping
application.
3. Training: This involves developing textual, video, and audio materials that can
address the technical knowledge limitations found in above steps. Hands on training
will provide more confidence among community members. In addition, during these
sessions super users might be identified. These super users, then can aid in
providing support to other members of the community.
5. Create Governance Structure: In the Truro analysis, it was evident that a more
structured and stated governance structure was required for system sustainability.
This involved identifying the leadership and creating clear responsibilities for the
different members and organizations. In Waterloo, community members did not want
to have a hierarchical governance structure. They preferred a more “committee”
based governance structure, where different committees would govern specific
issues. Each community should be given the opportunity to define their own
governance rules and use it to facilitate the usage of the online asset mapping
application.
6. Provide Support: It is important to either develop a support network within the
community including those that have a high technical knowledge (i.e., super users)
or provide a dedicated support team to support individuals as they walk through the
tool, troubleshooting and enhance their technical knowledge. It is important to
designate people (i.e., super users) that can be approached in times of technical
difficulties or if a user needs help understanding how to perform an activity within the
application.
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7. Grow: The system is dependent on identifying and broadening the exposure of
assets within the community. Therefore, it is a central requirement for users to
master the skills and invite others to join the system and participate. This increases
the asset pool within the community, thus making the system more effective.

D. Policies and Regulations
This section provides findings and extrapolated insights related to the set of
policies and regulations that will define the operation of the asset mapping application.
This section will highlight three different levels of policies and regulations: (1) policies
internal to the application; (2) adherence to organizational policies; and (3) external
regulatory requirements. Each of the different levels of policies are explained more indepth below.

1) Asset mapping application policies: The policies related to governance are not
completely clear from the data analysis, thus, this represents an area for future
research. On the one hand, certain policies such as “access to organization
members” were deemed necessary (see Quote “A” below). Yet, on the other
hand policies related to inappropriate behaviour management (see Quote “B”
below) and open or closed access to community information (see Quote “C”
below) remain unclear. Hence, policies related to an online asset mapping
application still require more examination and should be a central objective for
future research.

Quote A: (Truro – Focus Group Table 1): “I don’t know if you’ve covered it,
the whole idea of who has access to it?
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Yeah, it’ll be . . . That’s a good one. It’ll be . . . key individuals that would
provide services during emergencies. It’s not gonna be a general kind of
access by the population of the Waterloo Region. It’s gonna be for the
emergency responder groups. So, first responders as well as secondary
responders.”

Quote B (Truro – EHRIT Table 1 Morning): “But that ties into the question,
if so all of a sudden, we do expand and it goes – and the conversation say,
does not gets out of hand or whatever – I take it that’s where EnRiCH sort
of monitors it . . . and either closes somebody down or the language gets
really whatever. It’s – who owns it?”

Quote C (Waterloo – EHRIT Table 1 Afternoon): “So there’s information for
Cambridge, there’s information for Kitchener, there’s information for
Waterloo. How do we want to set this up and stream it?”

2) Adherence to organizational policies: The asset mapping application will involve
users from different organizations and industries. Therefore, each organization
may have specific policies regulating its actions and involvement. It is important
for the application to contain the different policies of different organizations to
ensure that users do not break their respected rules and regulations.
Furthermore, it is important for organizations to self-govern and educate their
members on what they can and cannot do in the application.

3) External regulations: The municipal, provincial, and federal regulations were not
part of this thesis analysis. However, it is an important issue that needs to be
examined to ensure the application requirements align with the regulatory
environment. There are certain federal laws that the application will need to abide
by such as anti-spam and privacy laws. Hence, it is important for future research
to examine all the laws that may directly affect online asset mapping application
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and modify or add requirements to ensure the system is adherent concerning
federal, provincial, or municipal laws.

E. Design Constraints
The major challenge concerning design is the diverse user base. The analysis of
the data set highlighted that communities can include users that vary in age, technical
knowledge, and functional capabilities. Therefore, the final design of the application will
need to take into consideration the diversity of users to ensure the application is
inclusive to all members of a community. It is important to ensure that complex
requirements are translated to simple user interfaces. Additionally, the application must
be cross compatible between different mobile operating systems alongside the webbased application. Therefore, the design language will need to be similar across all the
different devices to ensure a gradual curve for learning. The design challenges cannot
be underestimated. This research provides the opportunity to identify future research to
examine these design issues before developing an application.

4.2 The Feasibility of an Online Asset Mapping Application
As noted earlier in this thesis (see section 1.2), Information Systems can be a
valuable and useful tool for supporting human activities. However, not all human
activities or problems require a “technological” solution. There are human activities
where the “lack” of technology can be a better strategy and lead to a better outcome.
Hence, this thesis to examine the previous mentioned issue, demonstrated how asset
mapping can be used as a community-based activity requiring human agents to come
together and collaborate. Communities differ in their assets, human, and organizational
composition. Each community is unique with its set of needs, culture, and values.
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Considering the vast differences that exist within each community, it was important to
examine if technology can mediate such a human relationship based activity. This
analysis aligns with one research objective of this thesis, which was to examine if a
"technological" tool for asset mapping to enhance community resilience in regards to
disaster management is appropriate and feasible.
The appropriateness and feasibility of a standard online tool can be determined
by the degree of similarities and differences of requirements. The concept of a “standard
online application” in relation to this research entails – can an online asset mapping tool
meet the needs of two different communities? If the requirements were discovered to be
vastly different each of the communities examined, then it would be inferred that the
appropriateness and feasibility for an standard online application is low. The reason for
this is primarily due to cost of development. The difference in requirements would entail
each community would require a customized asset mapping application, which would
increase the cost of development. In this research, however the findings indicate that the
requirements are similar across both cases examined and therefore, it can be stated that
the appropriateness and feasibility for an standard online application is high. However,
future research does need to examine the requirements discovered in this research and
validate, fine-tune, and prioritize using end-users.
There were, however differences between the communities. One of the key
differences related to governance. For example, in Truro the participants advocated for a
central organization such as the Canadian Red Cross to be the leader in the group and
manage all the other community organizations. Whereas, the Waterloo participants
advocated for a “committee”-based approach to governance. This entailed different
causes and activities led by a set of champion organizations rather than a central
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organization governing everyone. This is a governance difference, nevertheless, the
requirements of creating “asset groups” can mitigate the difference. In the case of Truro,
it is possible that all “asset groups” could contain a Canadian Red Cross member to lead
each group. In contrast, in Waterloo each asset group may be led by different member
or organization.
The differences in policies and regulation between the two different communities
can be resolved by “assignment of roles and responsibilities” requirements.
Communities can decide how they want to govern themselves and then assign roles
using the application as deemed appropriate. Therefore, the differences in governance
perspective between the communities identified does not negate the feasibility of an
online asset mapping application. However, it is important for future research to examine
the different policies and governance perspective between communities and examine if
the assignment of roles and responsibilities requirement is sufficient or if it requires
further assessment.
This research, to examine the feasibility and appropriateness of an online asset
mapping application, we discovered that both communities, although very different in
their human, structural, and cultural composition due to their geographical, historical,
and demographics characteristics stated similar requirements in both the orientation and
table-top exercises. The discovery of similar requirements in both communities support
the assertion that an standard online asset mapping application is feasible and
appropriate. The identification of similar requirements suggests that a standard off-theshelf application can help different communities. Therefore, each community does not
require its own unique application. This implies that an online asset mapping application
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does not require high customization requirements to allow each community to cater the
application to meet its needs.

4.3 Summary of Analysis and Results
The requirements discovered in this thesis bring to light how asset mapping can
be facilitated by technology and how it can facilitate collaboration and innovation to
empower a community to manage local needs with local assets. This concludes the
analysis and results section and the following chapter includes the discussion and
conclusion of this thesis research.
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Chapter 5: Discussion and Conclusion
The discussion and conclusion chapter provides a summary of this thesis
research and links it to the broader literature. First, it provides an overview of the thesis
and its findings. Then, the chapter highlights the limitation of this thesis research and
how future research could resolve these limitations.

5.1 Summary of the Thesis
This research recognized emphasis of global policies and frameworks on
collaboration and community resilience concerning disaster management (UNISDR,
2005). To support this shift, this research examined the requirements of an online asset
mapping application, using data from a community-based participatory research project
entitled: The EnRiCH Project. The objective of this research was to (1) to extend the
work of The EnRiCH Project by analyzing the raw requirements identified during the
intervention phase of the project, and (2) to examine the appropriateness of an
information system for conducting community asset mapping exercises. To meet these
objectives, three research questions were addressed, and their implications within the
field of requirement engineering and disaster management are discussed below:

1. What are the functional, non-functional, and general system requirements
of an online asset mapping tool for disaster preparedness?

In Section 2.3, the research findings of Schryen and Wex (2015) were
introduced. In their work, they examined the current state of knowledge related to
information systems addressing disaster risk reduction. They provided four key
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suggestions to address the gaps within the information system research concerning
disaster preparedness. Two of which involved: (i) emphasis on the development of
citizen-centered systems and (ii) need for greater knowledge convergence between the
information system and disaster management disciplines concerning risk reduction
(Schryen & Wex, 2015). The requirements derived and method by which they were
analysed addressed both of these gaps. The requirements of an online asset mapping
application provide the means to develop a citizen centered system that facilitates a
whole-of-society approach to disaster risk reduction (United Nations , 2015).
The other key gap within the literature concerning asset mapping was the lack of
methods to retain motivation of community members beyond the initial asset mapping
activity (O'Sullivan, Corneil, Kuziemsky, & Toal-Sullivan, 2014b). For example, many
methods for “asset mapping” use tools such as creating paper-based lists (Woods, 2000;
Foot & Hopkins, 2010) and the use of face-to-face conversations, surveys, storytelling,
and knocking on doors to identify community assets (Foot & Hopkins, 2010). These
strategies provide a means to map assets, however the other two aspects of asset
mapping including visioning and mobilizing assets (Fisher, Geenen, Jurcevic,
McClintock, & Davis, 2009), which are not addressed. The requirements discovered by
this research addresses all three processes of asset mapping asserted by Fisher,
Geenen, Jurcevic, McClintock, and Davis (2009).
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2. Is a standard “off-the shelf” asset mapping application feasible for
community development and adaptive capacity building for disaster
management?

Asset mapping is an human intensive activity that is facilitated by human
relationships (Kramer, Amos, Lazarus, & Seedat, 2012). Therefore, it was important to
examine if such an activity could be performed using technology. Additionally, asset
mapping is derived from community based development theory (i.e., Asset-Based
Community Development), which requires solutions to be created by the community for
the community (McKnight & Kretzmann, 1993). Consequently, it was equally important to
examine if an online asset mapping application can address the needs of different
communities.
The findings from this study support the use of technology as an alternative tool
in supporting asset mapping activities. The requirements derived from different
communities support the idea that an online asset mapping application can address
different needs of different communities. The requirements facilitate participant
engagement, citizen empowerment, and collaboration and can be met by a standard
online asset mapping application. These processes ultimately provide evidence for the
eventual design and development of an asset mapping application to assist communities
prepare for disasters.
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3. What are the potential designs that can address the requirements?
Schryen and Wex (2015) also stated a need for actual design and developmentoriented research of information system tools and greater focus on general design
knowledge related to information systems for disaster preparedness. This research
recognizes this gap within the literature and provides prototype UI wireframes
concerning the requirements. It is important to note, providing actual design of an online
asset mapping application is outside the scope of requirements engineering, however
noting the gap within the literature related to design as asserted by Schryen and Wex
(2015), it was deemed important to provide UI wireframes that can showcase how these
requirements could potentially be translated to design and lead to an actual development
of an online asset mapping application.

5.3 Implication of the Thesis
The overall disaster management discipline is shifting toward a more communitybased approach (United Nations , 2015). Therefore, tools are necessary to support this
change. Furthermore, new novel technologies are being developed to facilitate a more
distributed level of collaboration and coordination. For example, technologies such as
Blockchain, which
“enables the creation of decentralized currencies, self-executing digital contracts
(smart contracts) and intelligent assets that can be controlled over the Internet
(smart property). The blockchain also enables the development of new
governance systems with more democratic or participatory decision-making, and
decentralized (autonomous) organizations that can operate over a network of
computers without any human intervention” (Wright & Filippi, 2015, p. 1).
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The development of these new distributed asset management technologies and
smart contracts that can execute themselves can be a viable backend technology to
meet the needs of an online asset mapping application. However, Blockchain is not the
only

solution;

there

are

others

including

for

example

Systemanalyse

und

Programmentwicklung (SAP). In this thesis, we focused on the foundation of a software
development life cycle to better understand the requirements of an online asset mapping
application. Ultimately, the findings of this research provide a foundation for future
studies and designers to make decisions based on the requirements for an online asset
mapping application. Future research can use the findings of this thesis to validate the
viability of the different set of technologies to develop an online asset mapping
application.

5.4 Limitations of the Thesis
The limitations of this thesis research include (1) lack of access to participants to
verify and validate the requirements; (2) missing requirements; (3) different requirements
between the two communities; and (4) the use of Waterfall rather than an iterative
model. Each of these limitations will be explained more in-depth below.

5.4.1 The lack of access to participants to verify and validate the requirements
Requirement analysis is a collaborative activity. It is a process which requires
users, requirements engineers, and reviewers to share and utilize their collective
knowledge to ensure the highest quality of requirements are elicited. In this thesis, the
requirements were written from transcripts, with no additional access to end-users. The
lack of access to end users entailed that the written requirements were not verified for
accuracy and completeness before building a prototype.
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The secondary analysis research design is a limitation of this study; as there was
no access to participants through this research. The lack of involvement of participants
throughout the requirement analysis process poses a risk of having identified improper
requirements. Since the participants were not involved in validating and verifying the
accuracy of the findings, it is possible that the requirements discovered in this thesis do
not completely address their needs.

5.4.2 Missing requirements
The analysis of the data resulted in the discovery of similar requirements in both
communities, especially concerning system purpose and system functionalities.
However, there were omissions regarding system requirements which require further
examination. For example, in regards to the requirement “User must be able to request
for assets to create a linked asset sharing group”, there is little explanation as to what is
needed after a user sends the request. If another user accepts to supply their assets to
the linked group, what are the regulations? How would the consensus be achieved
between the multiple stakeholders and what is needed from the application to facilitate
the whole process to ensure “linked asset sharing groups” are created and are able to
be executed in real life or if the application should facilitate that at all? The application
could simply act as a medium to bring people together and then it would require face-toface meetings to iron out the agreement. Nevertheless, the whole process is not fully
explained and provides an example of how there are gaps in requirements that could not
be examined through secondary analysis.
The other example of a missing requirements involves the management of
volunteers and the legal requirements associated with this task. For example, the
145

inclusion of volunteers is deemed important. However, how they will be managed is not
explained. The system can act as a database for volunteers, from which organizations
can tap into for activities. The system can also be much more dynamic in times of a
disaster. For example, registered volunteers within the system can provide key
assistance in a shelter during a disaster. However, it is important that a proper back
ground check (BGC) is performed to ensure there is no risk to people that the volunteers
might interact with. This means that volunteers should go through BGC’s within the
system before they are accepted as community volunteers. Processes such as these
needs to be taken into consideration in future research to identify all the missing
requirements from end-users to develop a more accurate software requirement
document.

5.4.3 The use of Waterfall rather than an iterative model for requirement analysis
Many of the limitations described above can be attributed to the use of the
Waterfall method (Balaji & Murugaiyan, 2012) of performing requirement analysis rather
than an iterative process. The requirement elicitation was performed utilizing focus
groups and table-top exercises using a prototype tool. The transcripts derived from the
focus groups and table-top exercises were then used in this thesis to perform the next
stage of requirement engineering process (i.e., requirement analysis). This step by step
process can create gaps in information and knowledge transfer, such as missing data,
differences, and gaps within the requirements as addressed above. The Waterfall
method is useful when access to participants are limited (Balaji & Murugaiyan, 2012).
However, future research can benefit from using an iterative research design process to
validate and complete the requirements found in this thesis research.
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5.5 Recommendations for Future Work
Future work is needed to verify the accuracy of the requirements stated in this
thesis research. This study can be used as a foundation to verify and validate the
requirements by involving end-users. Once the list of requirements is deemed complete,
accurate, researchers can then use the findings to perform requirements preference
analysis to determine which requirements are most and least important. It is suggested
that these processes are implemented using iterative model or using agile methodology
to attain immediate feedback related to the requirements (Cohn, 2004).
The accumulation of the findings can be used to design prototypes and perform
usability studies to understand user experiences. The prototype application can be
designed and used to perform table-top exercises to determine community response
capabilities using the online asset mapping application. This study sets forth the
foundation for future academic research regarding technology-mediated disaster
preparedness activities. Furthermore, it helps the information technology discipline use
research to move forward with requirement engineering processes to develop useful
tools to help communities become more resilient.
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Appendix A: Ethics Certificate for the EnRiCH Project and This Thesis
The documents below contain copy of the ethics certificate approved by the Health
Sciences and Science Research Ethics Board (REB) for The EnRiCH Project and the
secondary analysis of the EnRiCH data for this thesis research. The EnRiCH Project
was first approved in the year 2011, granting permission for the researchers to collect
data. The approval to perform secondary analysis of the data for this research was
approved in the year 2016. It provides assurance that the methods employed by The
EnRiCH Project were vetted by the University of Ottawa REB and abide by the ethical
requirements of the institution. Additionally, the approval for the secondary analysis of
the EnRiCH data concerning this thesis research is additionally attached below.
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Appendix B: Recruitment Notice
The following document is the recruitment notice used in The EnRiCH Project for the
purposeful and snowball sampling methods. It provides clear and concise information
regarding what the project is about, each participant’s involvement, and any associated
risks.
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Appendix C: Consent Form
The documents below showcase the consent form used for The EnRiCH Project. In this
document information is provided about the researchers and their organizational
affiliation. In addition, it states the purpose, participation requirements, benefits, risks,
confidentiality, and compensation of the research.
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Appendix D: Table Top Exercise Guide
The following paragraph is an example of the disaster scenario used in the table-top
exercise of the collaborative asset mapping intervention. This scenario was used to
facilitate testing of the asset database generated by participants during the 8-10-week
remote asset mapping activity.

“A train carrying chemicals has just de-railed on a bridge going through a
residential area of the town. Two of the cars have fallen into the river and there is
a leakage, however the rate of spill is unknown, therefore the area within 2km
radius of the accident scene must be evacuated. Within the evacuation area
there is a senior’s residence and 2 group homes for the people with
developmental disabilities (O'Sullivan T. , Corneil, Kuziemsky, Lemyre, &
McCrann, 2013b)”.
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