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Abstract

In the face of increasing disasters, effective disaster preparedness and response are
crucial. Nowadays, smartphones are widely used by everyone. In the case of a disaster,
it's possible to use mobile technology to allow general public to report incidents and alert

them about the events and the location of emerging disaster danger zones.

Currently, disaster and emergency mobile applications can be categorized into two types:
Early warning systems and Location-based alert systems. Early warning systems
provide alerts to mobile users if a disaster occurs, however, these applications often lack
detailed information about the disaster events and direct users to visit a website for more
information. On the other hand, location-based alert systems allow users to receive alerts
and information by setting up their location in the application. However, if users fail to set
a location, they will not receive any alert about the disaster. All current mobile
applications only passively receive alerts and cannot enable users to directly report

disaster events.

This research focuses on enhancing disaster preparedness through the development of
an Android mobile application prototype designed for real-time disaster reporting,
notification, and danger zone visualization. The application prototype allows users to
report disasters as they occur, receive timely notifications about ongoing threats, and
visualize affected areas on a mobile phone map. This helps the public to avoid entering
into hazardous areas and allows emergency services to efficiently dispatch equipment

and materials.

Furthermore, this application prototype is evaluated through disaster simulations among
the general public. The feedback is discussed in terms of both potential benefits and

limitations. Suggestions for future development work are also provided.



1. Introduction

As of 2024, there are approximately 7.1 billion smartphone users worldwide, with over
86% of the population owning one or more smartphones (GilPress, 2024; Turner, 2024).
Compared to the traditional functionality of phones which was primarily limited to marking
calls and sending messages, smartphones have undergone a complete transformation
(Brewer et al., 2016). Nowadays, people use smartphones for a multitude of tasks, such
as checking email, connecting with family, friends, watching movies, reading books,
taking photos and videos, shopping online, using GPS for navigation, monitoring sleep,
blood sugar and heart rate, online banking, checking weather forecasts, making
appointments, attending online meeting and online classes, and more (Turner, 2024).
Smartphones and their applications are not only driving technological innovation but also
changing people’s lifestyles, work styles and industry structures. (Amez & Baert, 2020;
Busch et al.,, 2021; Nawaz, 2024). In particular, with the widespread adoption of
smartphones, new opportunities are brought to disaster management due to the

widespread use of mobile phones and technological advancements (Nawaz, 2024).

The main focus of this research is to leverage smartphones and their applications to
enable the general public to report disaster and emergency events, as well as to access
the detailed information about any danger around an area or any calamity that needs

immediate attention.

This research develops an Android mobile application prototype, which facilitates real-
time reporting of disaster and emergency events by the general public. Additionally, the
application provides timely notifications and allows users to visualize danger zones.
Section 1.1 introduces the background and rationale of this research. Section 1.2
outlines the research aims and research question. Following this, section 1.3 provides

research approach and the structure of this research thesis.



1.1. Research Rationale

In the recent years, the frequency and severity of both natural and man-made disasters
on global scale have shown a troubling upward trend, presenting extraordinary
challenges to the society (Chaudhary & Piracha, 2021; de Asis et al., 2019). These
events, like floods, droughts, hurricanes, earthquakes and war, not only cause significant
casualties and economic losses but also impose severe damage on natural
environments and infrastructure, with extensive consequences for sustainable

development. (Crunch, May 2021; Solokha et al., 2023)

While doing my research and preparing my literature review last year, New Zealand
experienced a devastating event when Cyclone Gabrielle hitting on 13 February 2023.
This cyclone affected over half of the country's population, causing widespread damage
to homes, businesses, and infrastructure, particularly in Auckland (iDMC, 2024). Looking
back three years ago, when COVID-19 pandemic hit, New Zealand and the entire world
suffered major losses because of the implementation of lockdowns. The losses that
incurred during this period, besides economic ones, included extensive psychological

and physiological effects on individuals(National Library of Medicine, 2023).

Currently, in New Zealand, the public relies on radio, TV news, Civil Defence websites
and social media for emergency information. The ministry of Civil Defence and the
relevant emergency management groups will publish the latest information through these
channels to let public know what is happing and what we should do, and they also provide

emergency warnings to mobile phones through SMS (New Zealand Government, 2021).

While these methods are helpful, they may not be highly effective, as people need to
access specific devices such as radio or TV or browse the relevant websites to get the
information for disaster preparedness. Nowadays, as we discussed earlier with the
usage of smartphones by majority of the population, the focus has to be shifted to the
applicability of such devices for disasters management. Depending on their purpose,

such mobile applications can be divided into two categories (Tan et al., 2017):



o Disaster /| Emergency Alerts

Pamudiji et al. (2020) created an integrated early warning system with a mobile
application that provides alerts and knowledge of earthquakes and tsunamis. The mobile
application links to Indonesia's National climatological, metrological and geographical
agency websites to obtain the information. (Pamud;ji et al., 2020). Similarly, Anta et al.
(2021) built a mobile application for flood disasters to alert and monitor the flood

information in Jakarta.

However, these early warning system applications provide alerts but often lack detailed
information about disaster events. If the user wants to get more information, the

application will direct them to visit the website.

e Geographic information system (GIS)

Nowak et al. (2020) state that using geographical location could be benefit when develop
a mobile application as it will help improve efficiency in field work and enhance location-
based insights. When a disaster or emergency happens, the user could use the
developed mobile application to share or pin their location to report the event or get alert

information.

In New Zealand, a similar mobile application is called the Red Cross hazard app. The
users could use the application to request hazards alert information by adding their
location (New Zealand Red Cross, 2022) However, if a user does not pin their location,
they will not be able to view the disaster area on their phone. Additionally, these mobile
applications do not provide visual information, such as displaying the danger zone on

the map on their personal mobile device.

1.2. Research Aims and Question

This research aims to develop a mobile application prototype that enables the public to
report various emerging disasters, including but not limited to natural disaster, chemical

spills, car crashes, and personal threats, among others. It also aims to provide timely



notifications, access disaster event details, and visualisation of danger zones directly on

user’s mobile maps. The research question of this study can be formulated as:

How to use mobile technology to enhance real-time disaster reporting, notification,

and danger zone visualization to support disaster preparedness?

By leveraging mobile technology, this research seeks to enhance real-time disaster
reporting, notification, and danger zone visualization, ultimately enhancing public
disaster preparedness. Additionally, this research explores key features necessary for
an effective emergency reporting system and identifies critical information for public
awareness. This initiative not only helps in preventing public entry into hazardous areas
but also expedites the dispatch of emergency supplies and equipment by public

emergency services to affected areas.

1.3. Research Approach and Thesis Structure

This research follows and is guided by the Design Science Research Methodology

(DSRM), which informs the structuring of the thesis into eight chapters.

Chapter 1 introduces the background and motivation for conducting this research,

including research objectives and question.

Chapter 2 is a literature review that examines the different technologies used in the
disaster and emergency management. The keys features that might be required when
developing a mobile application are also discussed. This chapter then compares the

mobile applications currently available on the market.

Chapter 3 introduces the design science research methodology along with rationale of
selecting this approach for this study. In this chapter, a proposed research model

containing different phases to guide the research is discussed in detail.

Chapter 4 focuses on the design solution stage, discussing the detail of prototype

application, including its functionalities, UML diagrams and database diagram.



Chapter 5 covers the Implementation stage. Introducing the design architecture for the
prototype application and technologies used in its development. The key functionalities

are discussed with code snippets.

Chapter 6 evaluates the prototype application using a questionnaire with fifteen

participants selected randomly.

Chapter 7 presents the results from the evaluation.

Chapter 8 discusses the changes and improvements made based on the participants

feedback from the evaluation.

Chapter 9 discusses the results in relation to the research question. The limitations and

future work are also discussed in this chapter.



2. Literature Review

The literature review is an important chapter in this research. Based on Knopf (2006)
opinion, the literature review not only demonstrates the researcher's understanding of
existing research on the selected topic, but also provides a foundation for the new
research (Knopf, 2006). Lim et al. (2022) states that the literature review also helps
identify gaps between the current research and the proposed studies. It could offer a
justification for the new research. Furthermore, the literature review can be used to
identify and build a framework for the research (Paul & Criado, 2020). Therefore, this
research, it reviews various disasters, and emergency management systems,

applications and technologies that used in the field, aiming to find the most suitable
solution for the disaster management system which could be used for general public.
The literature review in this thesis is structured into the following sections:

Section 2.1 presents statistics on the impact of disaster worldwide and introduces the

classification of disasters and emergencies.

Section 2.2 provides an overview of disaster and emergency management, highlighting

the importance of Information Technologies (IT) used in this field.

Section 2.3 gives an overview of mobile technologies used in disaster management.

Section 2.4 reviews the key characteristics of mobile applications for disasters and

emergencies.

Section 2.5 describes the visualization of mobile applications in disaster and emergency

management.

Section 2.6 reviews the existing disaster and emergency mobile applications available in

the market.



Section 2.7 examines the current disaster and emergency managementin New Zealand.
The review aims to identify the strengths and weaknesses of the proposed application

for New Zealand users.

Section 2.8 highlights the research question development, identifying gaps in existing
disaster-related mobile applications, particularly the lack of integration for real-time
reporting, notifications, and danger zone visualization, and proposes exploring how

mobile technology can bridge these gaps to enhance disaster preparedness.

2.1. The impacts of Disasters

According to Torani et al. (2019),disasters can be natural or man-made disasters. Their
occurrences can range from minor inconveniences to large-scale tragedies and have the
potential to cause significant disruption to a community or even a country (Monte et al.,
2021). Natural disasters include, for example, storms, floods, earthquakes, tsunamis,
and wildfires. Man-made disasters include chemical spills, power outages, oil spills,
explosions, and others (Carter, 2008). Disasters can have many impacts, including
physical destruction, economic loss, injury and death, psychological distress, and

environmental degradation (Caldera & Wirasinghe, 2022).

7 X it ()]

Reported disasters Total deaths Total affected US$ Economic losses

1980-1999

2000-2019

billion

Figure 2.1: Disaster impacts: Comparing 1980 — 1999 with 2000-2019 (UNDRR, 2020)



On 7th July 2021, the United Nations Office released a statistics report summarizing data
from 1980 to 2019. According to the report, Figure 2.1 illustrated that the number of
reported disasters rose substantially from 4,212 between 1980 and 1999 to 7,318
between 2000 and 2019, representing a 74.5% increase. The number of individuals
impacted by disasters grew significantly by 24% from 3.25 billion in the earlier period to
4.03 billion in the more recent one. Furthermore, economic losses increased by 82.7%,
rising from $1.63 trillion in 1980 -1999 to $2.97 trillion in 2000 — 2019. These trends, as
shown in Figure 2.1, highlight a significant rise in disaster frequency, impact and
economic losses over this period. Although, the data shows only a small increase in the
number of deaths, the broader impacts of disasters, for example, displacement and

extended economic recovery are substantial (Ritchie & Rosado, 2022).

2.2. Importance of IT in Disasters and Emergency Management

When disaster and emergency occur, it is important to be aware of the incident
immediately and ensure that general public receives information about the event without
any delay. The importance of Information Technology in disaster and emergency
management cannot be overstated. Because disaster and emergency management
focus on reducing the impact of these events on people and community. This requires
timely responses, wise decision-marking, and effective communication (Asadzadeh et
al., 2020) . In the past, responding to disaster and emergency situations relied on manual
processes. Frontline officers had to gather all the event information and notify the public
through broadcasting and television (Chen et al., 2011) . Nowadays, Information
Technology has totally changed the way to manage the disaster and emergency. By
using advanced digital technologies, it provides more efficient, effective and timely
responses to a wide range of disaster events (Lettieri et al., 2009). Asadzadeh et al.
(2020) also pointed out that the core object of disaster and emergency management is
to minimize the impact on individuals, community and business. Achieving this requires
prompt responses, informed decision-marking, and effective communication. Information

Technologies enable the quickly gathering, analysing, and disseminating information. An
9



access of such information by government or private authorities is beneficial to provide
accurate assessment of disaster situation that further assists to make an informed and

coordinated response of action (Dhakal et al., 2022).

Information Technology has an advantage that it can help to provide situational
awareness during disaster and emergency situations. (Djalante & Lassa, 2019; Munir et
al., 2022). It can also assist in providing the real-time update when connected to remote
monitoring systems, which is a great way to assess changing conditions in the field. Such
updates when received by the authorities is the crucial aspect of informed decision
making by the authorities. For example, remote sensors can be used by emergency
services to collect relevant data from disaster affected regions. Such data can be used
in the present or future to create evacuation plans for public (Meechang et al., 2020).
Advancing Information Technology has also made it possible to provide transfer of
information about such events with speed and accuracy through reliable networks. As
such, it has significantly reduced the delays that could happen because of manual

processing of data (Mizutori, 2019; Mojtahedi et al., 2021).

Information technology has become a vital tool in responding to emergencies and
disasters. Not only it has been successful in enhancing situational awareness to provide
a better understanding to affected communities, but it has also been able to process
such information quickly and effectively in real time frame. Furthermore, IT has brought
different groups and organisations to work together to achieve common goal. For
example, IT systems are used by different authorities to access available information
quickly. This makes it easier for the authorities to identify the need of the situation and
allocate resources where they are most effective, that would lead to faster and efficient
responses, in disaster and emergency management. (Mukhopadhyay & Bhattacherjee,
2015; Nobre et al., 2019). Also important to notice is that IT as such has been able to
connect various authorities through integrated platform. Such platform enables to share
updates about the situation, communicate with one another in effective manner and

coordinate the use of resources. This has resulted in faster decision making and a

10



reduction in response time, that is critical during emergency response (Robertson et al.,

2019; Sakurai & Murayama, 2019).

Now the technology has further moved towards usage of Artificial Intelligence that have
gone a step further to provide recommendations in such situations. It is because of IT
that it has become possible to process large amounts of data quickly, helping decision-
makers make better choices more rapidly during disaster and emergencies situation

(Stute et al., 2020).

2.3. Technologies Used in Disaster and Emergency

Today, technologies provide various methods to respond disasters. The main
technologies used in disaster and emergencies today include big data analytics, drones,
artificial intelligence, blockchain technology, satellites technology, the internet of Things

(loT), and smartphone technology as reviewed below:

2.3.1. Big Data Analytics Technology

With advanced methods and algorithms, big data analytics examine huge amounts of
data sets to identify important trends and patterns that can help people to make better
decisions (Yu et al., 2018). These huge amounts of data comes from many different
sources (Sarker, Wu, et al., 2020). In 2020, when COVID-19 pandemic was affecting
people all over the world, big data analytics was very helpful. For example, it analysed
data from medical records, social media, mobile phones, and other sources to see how
the virus was spreading in real time, and using this information, government and public
health agencies were able to quickly identify high-risk areas and take appropriate action

(Alsunaidi et al., 2021; Bragazzi et al., 2020).

Big data analytics not only helps manage COVID-19 but is also used to predict natural
disasters through the study of past weather patterns. By analysing social media and
sensor data, it can track disasters in real time, so that resources to be allocated

effectively during relief efforts (Jaber et al., 2022; Sarker, Peng, et al., 2020).

11



2.3.2. Drones

In modern times, drones are a product of new technology advancement that flies without
a pilot on board. It can be remotely controlled by a person from the ground (Chamayou,
2015). Drones have found their wide usage in agriculture and could be seen as a
significant potential achievement during emergency disaster response (Ahirwar et al.,
2019; Daud et al., 2022). During search and rescue operations, drones can be used as
helpful tool that can fly over dangerous areas, where rescue teams might struggle to
reach.(Van Tilburg, 2017). They use thermal imaging to identify signs of life, and can also

be used for delivering supplies such as food and medication (Zweglinski, 2020).

2.3.3. Artificial Intelligence (Al)

In Emergency situations, quick and effective responses are essential. Al is now
commonly used in disaster management (Abid et al., 2021). Al is able to assist
governments, relief organizations, and communities in better preparing for, responding
to, and recovering from disasters through data analysis, predictive models, and

automated systems (Sun et al., 2020).

According to Development Asia (2021 March), Al has the capability to quickly analyse
large amount of satellite images in a short period of time. For example, Al was used to
detect landslides during the 2018 Kokkaido earthquake in Japan. While engineers would
take about five days to identify damaged areas, Al could do it in just five minutes with
93% accuracy. Similarly, Al used in 2011 Tohoku earthquake in Japan was able to identify
damaged houses with 94% accuracy in finding houses that were later washed away by

the tsunami.

2.3.4. Blockchain Technology

Blockchain technology is a way to securely and transparently record transactions. It
works like a digital ledger where each transaction is grouped into a “block” (Pour, 2021).
These blocks are linked together to form a “chain” and are stored on many different

computers (Hunt et al., 2022). This system provide a high level of security and trust,
12



because once data is recorded, it cannot be changed (Pour & Gheorghe, 2021). In
disaster management, especially during large-scale events involving victims from
multiple countries, how to accurately identify the deceased is crucial. Blockchain
technology is used in this area to securely store postmortem and pre-disaster data of
missing persons and then to perform the comparison, which could reduce data breaches

and errors (Alsalamah & Nuzzolese, 2020).

2.3.5. Satellites Technology

Satellite technology refers to use of artificial satellites for various purposes, such as
scientific research, communication, remote sensing and navigation (Kopacz et al., 2020).
Artificial satellites are devices launched into Earth’s orbit that can operate in space for
extended periods and transmit data back to Earth via ground-based receiving stations.
Satellite technology has been widely used in disaster management. For example,
satellite imagery is used to monitor floods, earthquakes or landslides (Pachika, 2022).
Satellite technology, through the Global Positioning System (GPS), enables in locating
stranded or trapped individuals and supports the delivery of emergency supplies such
as medications and food to affected areas (Chetty, 2023). When ground-based
communication infrastructure is damaged, satellite communication ensures the smooth
execution of rescue and relief operations (Long et al., 2021). Satellites continuously
monitor the Earth’s surface and atmosphere, providing data that helps understand
patterns and triggers of natural disasters, which can reduce future disaster impacts (Zhao

etal., 2021).

2.3.6. Internet of Things (loT) Technology

IoT enables to collect data and share data automatically (Bhandari, 2022). It works by
using sensors and software to communicate with each other (Sharma et al., 2021), which
helps gather real-time information and automate tasks (Li & Da Xu, 2020). loT uses early
warning systems to monitor things such as increase in water levels, gas leaks or potential

flood/ earthquake alerts before they reach critical level (Esposito et al., 2022). loT
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devices are also helpful in managing any emergency supplies such as medical
equipment to ensure resources are available and allocated to the areas that need them

(Krichen et al., 2023).

2.3.7. Smartphone Technology

The advent of smartphone technology has shown significant changes in how people
interact with their environment (Krichen et al., 2023). Smartphones are not just devices
that are used for communication, anymore. They are advanced technological devices
that use Global Positioning System (GPS) navigation, has sensors, high-tech cameras,
Bluetooth and data processing capacities in a real-time manner. Such features make
smartphones essential tools during disaster management (Pal et al., 2020). These
functionalities along with live data transmission and sharing, video calling, and location
tracking can play important role during emergencies. This is because smartphones can
provide quick and effective communication, data support, that is crucial in managing

crisis (Cicek & Kantarci, 2023; Latvakoski et al., 2022).

The government authorities can access information around the world when they have
real-time data easily accessible (Budimir et al., 2021). This immediate access allows the
agencies to coordinate resources and rescue efforts promptly (Pine, 2017). Smartphones,
as such, acts as a great tool to send out emergency alerts and notifications. Such
information spreads critical information to public quickly. It also notifies any threats
nearby so that the public can take appropriate precautions (Escolano et al., 2023). A
smartphone with high resolution camera and sensors, and special applications is a
powerful to collect vital information and share it across (Wang et al., 2020). People who
manage to rescue themselves in a disaster event can use this data, photos and videos
to send to emergency teams within a certain time framework (Astarita et al., 2020). Such
data is helpful in providing a clear picture of the situation to authorities for effective
coordination (Aten et al., 2011; Maryam et al., 2016). With the advent of social media

applications such as Facebook, Twitter, smartphones have furthermore provided a
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channel of communication to raise public awareness especially in the event of disaster
or emergencies (Aboualola et al., 2023). Sharing of such information is valuable during

emergencies, and is also a great tool to strengthen communities (Bachmann et al., 2015).

With a high population using smartphones, it has become easy for individuals to access
and contribute towards any information related to disaster. As discussed earlier, we are
using technologies such as smartphones and mobile for this research as they are user-
friendly, accessible, adaptable and widespread that makes them a useful tool for

communication enhancement.

2.4. Key Mobile Application Features of Disaster and Emergency Management

The previous sections showed how smartphones are effective tools and can be used
during disaster management. Smartphones use mobile application, and such
applications rely on the hardware and operating systems of the devices to perform
functions effectively. According to Paul et al. (2021) research, mobile applications are
very important in handling disaster and emergency because they allow quick
communication, sharing locations, and spreading information. The mobile applications

offer real-time updates and send disaster alerts to assist with sharing of location.

Alot of research has summarized such mobile applications and their features that could
be included for effective management of disasters. These features are divided into 4
phases: preparation, response, recovery and mitigation, that are discussed below in

detail. (MoldStud, 2024; Syukron et al., 2024).
1. Preparation phase:

According to Fernando et al. (2019), disaster preparation would mean a plan and
preparation for potential disasters that can occur in the near future. It includes activities
that focus on developing emergency plans, educating people, and training response

teams. The preparation phase would include mobile application that focus on preparation
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aspect of early warning alerts, forecasting of disaster and preparing appropriate tips or
tutorials. (Syukron et al., 2024). An early warning system can allow user to find a secure
place before a disaster, so they can protect themselves (MoldStud, 2024). Disaster
forecasting could also mean support weather forecasting that can monitor wind
movements, predicting unnatural forces at play (Srivastava et al., 2020). Syukron et al.
(2024) identified that information tips and training should be a part of mobile application

to help people understand and prepare for disasters.
2. Response phase:

During response phase, mobile applications would help with real time communication
and provide guidance during a disaster. They can send emergency alerts and allow GPS
location sharing (Bachmann et al., 2015; Toledo et al., 2017). Unlike early warning alerts,
real-time alerts are sent during a disaster, not before it happens (Li & Ulaganathan, 2017).
Location sharing provides users geography information about the disaster’s location or
affected area, often displayed on an interactive map for real-time tracking (Sharma et

al., 2020).
3. Recovery phase:

In the recovery phase, it is to help individuals and communities to return to normal after
a disaster. The features may be included like connecting users with relief resources,
update on recovery efforts, donation platforms, access to mental health services
(Furutani & Minami, 2021; Tan et al., 2017). For example, disaster updates allow user to

view disaster statistics (Syukron et al., 2024).
4. Mitigation phase:

The mitigation phase focuses on reducing the long-term impact of future disasters. They
may offer risk assessments based on location, tips on strengthening homes or buildings,
and tools for monitoring potential hazards (Suzianti et al., 2020). This could, for instance,

also recommend actions to be taken after the calamity, revision as well as enhancing of
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disaster preparedness plans, and enhancement of community-wide measures that can

be taken to understand any future events (Wahyudi, 2022).

2.5. Visualization in Disaster and Emergency Management

Visualisation is equally important during disaster and emergency management. It is an
easy way of turning complex date into visuals. Different maps, charts and diagrams can
be made to simplify the way data can be understood (Dusse et al., 2016). This helps in
making quick decision making while looking at disaster details of the affected area, where

people are located and resources are required. (Kubi¢ek & Stanék, 2006).

With visualizations, organizations can better understand the situation, plan effective
responses, and coordinate aid (Nurbekova et al., 2020). For example, real-time maps
can show where help is needed most. Additionally, visualizations help identify areas that
might be at risk in the future, improving preparedness and safety plans (Neene &

Kabemba, 2017).

2.6. Existing Disaster / Emergency Mobile Applications in the Market

Both the Apple Store and Google Play Store currently offer a wide range of disaster and
emergency mobile applications. In this section, these applications are categorized based
on their functionality before, during, and after a disaster, with some examples of existing

applications for each phase.

o Before a Disaster [Emergency

Mobile applications like Weather Underground (see Figure 2.2) provide near real-time

updates on 18 types of natural hazards (Weather Underground, 2024).
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Figure 2.2: Weather underground mobile application (Weather Underground, 2024)

Similarly, Disaster Alert (see Figure 2.3), offers important hazard alerts and safety
information to people worldwide. However, these applications do not let users to report

any natural or man-made disaster events.
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Figure 2.3: Disaster Alerts mobile application (Pacific Disaster Center, 2024)

¢ During a Disaster [Emergency

During a disaster or emergency, users can monitor ongoing events through mobile
application like the Natural Disaster Monitor (see Figure 2.4). This app provides real-time

updates on various natural disasters worldwide, including earthquakes, volcanoes,
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tsunamis, and floods. It also sends global disaster alerts, helping users stay informed
about current threats and their impact (dominoc925, 2024). However, this type of

applications primarily focuses on natural disasters and does not have features for user

to report a disaster.
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Figure 2.4: Natural Disaster Monitor mobile application (dominoc925, 2024)

o After a Disaster [Emergency

After a disaster or emergency, social media application like Facebook can be used to
notify family and friends that you are safe. These platforms allow users to post updates
and check in, helping to keep ones informed. However, it's important to be cautious as

these platforms may also be a source of misinformation.

2.7. New Zealand Disaster and Emergency Management

New Zealand, located in the South Pacific Ocean, is at high risk for natural disasters
because of its location and the many tectonic plates around it. As a result, the country
frequently experiences earthquakes, volcanic eruptions, tsunamis, landslides, and
severe floods (ehinz, n.d). Because of the potential for significant hazard impacts over
the past decades, New Zealand has put in place an advanced system for disaster and

emergency management (New Zealand Civil Defence, 2023). The New Zealand Disaster
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and Emergency Management system has been developed to reduce the social,
environmental and economic losses from disaster events. It outlines each agency's
responsibilities during a disaster event, coordinated through the National Emergency
Management Agency (NEMA). The system is based on four key components: Risk
Reduction, Emergency Readiness, Emergency Response and Recovery. In an
emergency, NEMA coordinates and supports the affected agencies and local authorities
to ensure the response is effective, efficient and integrated. Many organizations across
central and local government are represented in the NEMA's emergency management
system, including first responders, the military, local search and rescue teams, public
health and welfare services, Environmental Protection Authorities and the media
(National Emergency Management Agency, 2024). NEMA works closely with local
authorities to develop local emergency plans which outline how they will manage an
emergency in their region. These plans include detailed evacuation procedures, listing
essential services that need to be provided in an emergency and identifying the roles

and responsibilities of key personnel (DPMC, 2023).

Before a disaster, New Zealand operates several national early warning systems which
alert the public to potential emergencies. The NEMA monitors seismic activity, floods and
cyclonic conditions and is activated when an emergency is detected. NEWS triggers
communication via radio, television, SMS, social media and other channels to alert
people in affected areas of an upcoming event and guides appropriate protective actions.
NEMA also operates the New Zealand Civil Defence Emergency Network (CDN), which
provides emergency warnings to mobile phones and supports civil defence messages

via the Internet (New Zealand Civil Defence, 2023).

Mobile applications, such as GeoNet (See Figure 2.5) for earthquake alerts and the
MetSevice application for tracking updates on extreme weather events, are currently

used at this stage (MetService, 2024).
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Figure 2.5: GeoNet Quake Mobile Application (GNS SCience, 2024)

Red Cross Hazards is another application used in New Zealand. It provides an
emergency response kit and plan to help the public how to prepare for disasters. This
application also has a feature that allows users to focus on specific location and share

updates with friends and family about the situation (Nelson City Council, 2023).

= Hazards & Earthquakes & Menitored Locations
o —
P e ; "1".-
9 : Y
i , ot B
=3 ¢ = -
. ]
1 .
J ,'
oA \
e Berdy Stam \G":ﬂ‘e
Anesthqueks is the shiking of the Earths Yoo o set st :"t‘:::llxll'v:l.l:‘r:7:1':':' il':n harsrids coow 1
surface. Earthouskes mnge in saverity from
A mince shakes to shakes viokrs enough 1o N 2
cauze bulldings 1o collapse. Learn what to do New Zeand
during und aftecan earthquake MW ZTALAND
‘ Toke Acticn ¥ Atacama Region, Chilke
LATACAMAREQ N, O 8
Farsguak Floods 1
0)) buring “}= Acd rew lozatian
- CURRENT U
Y Al
Monitor curent locaton )l
Ao Roade

Figure 2.6: Hazards — Red Cross Mobile application (New Zealand Red Cross, 2022)
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During and after a disaster in New Zealand, the public still relies on the NEMA website,
radio, local civil deference emergency management social media or online news sources,

such as Stuff and Radio NZ, to stay informed (New Zealand Red Cross, n.d.).

The purpose of this research is to create a platform for public to actively participate and
contribute information, while still receiving updates from authorities. The review of the
applications indicated that no current application is available in the market that allows
users to report disasters and contribute to the platform, in real time framework, including
visualisations of danger zones, from convenient devices such as mobile phones. This
gap highlights the need to develop a new mobile application that can address this idea

of information sharing during disasters.

2.8. Research Question Development

From the literature reviewed, it is clear that mobile technology plays a significant role in
disaster management, offering essential features for real-time updates, emergency alerts,
location sharing, and disaster response. However, despite the advancements in disaster-
related mobile applications, a critical gap remains. Current applications primarily focus
on alerting users and sharing general information during or after disasters, but few
applications allow users to actively report disasters or visualize danger zones in real time.
The ability for individuals to contribute information, while also receiving updates from

authorities, has not been fully explored.

Additionally, the existing mobile applications in the market (e.g., Weather Underground,
GeoNet, Red Cross Hazards) tend to focus on specific disaster phases like
preparedness or recovery, but there is a lack of integrated systems that combine
reporting, notification, and real-time visualization in one platform. This leaves a gap in
enhancing disaster preparedness by empowering both authorities and the general public

to collaborate more effectively in real time.
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Thus, the research question, "How to use mobile technology to enhance real-time
disaster reporting, notification, and danger zone visualization to support disaster
preparedness?”, emerges from the literature gap. The aim is to explore how a mobile
application can bridge these gaps by offering a platform for both public participation and
official updates, integrating reporting and visualization of danger zones, and ultimately

improving disaster preparedness.

This question addresses the need for a comprehensive system that not only informs
users but also allows them to contribute valuable information in real time, thereby
enhancing disaster management efforts and fostering better preparedness in disaster-

prone areas.

2.9. Chapter Summary

This chapter reviewed the various technologies commonly used in the disaster and
emergency management. It also discussed mobile applications used before, during and
after a disaster both worldwide and in New Zealand. The literature finding review
indicated that mobile applications that can contribute for reporting and visualisation of
affected areas during a disaster, will help users to better assess the situation and act

accordingly.
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3. Research Methodology

The purpose of this research is to explore ways to enhance real-time disaster reporting,
notification, and danger zone visualization to support disaster preparedness. To address
these challenges effectively and develop a practical solution, a mobile application
prototype has to be created, and its functionality demonstrated. This prototype aims to
demonstrate the significance and benefits for the community and assist in improving
disaster preparedness. The methodology of research involves developing mobile
application and assess its performance. To define objectives, create prototypes and
validate its effectiveness, Design Science is an optimal approach. This research
introduces new advantages and innovative solutions while tackling existing targets.
Therefore, Design Science Research (DSR) is the choice of methodology to generate
this prototype. The approach here is to identify research motivations, define objectives,
develop the system, demonstrate its utility and evaluate its impact. Following sections

provide detailed steps in Design Science.

Before the application of DSR methodology, a literature review has to be conducted to
introduce background and state of knowledge in disaster management field. This review
also aims to understand context of existing solutions and advancements in technology
relevant to application development. Insights gained from previous research will be a

guide to the assessment of prototype’s potential benefits.

DSR methodology was employed once the literature review was conducted. Information
systems would also be approached using independent and customised methods as this
system is not constrained by specific methodologies. Section 3.1 outlines DSR
methodology along with prior research perspectives. Section 3.2 will explain the research

framework and its phases.
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3.1.  Design Science Research Methodology (DSRM)

The origins of the DSRM can be tracked back to the field of Information Systems (IS),
though it was not invented by a single individual. The theoretical foundation of DSRM
from contributions by multiple scholars (Venable et al., 2017). However, Alan R. Hevner
is widely recognised as one of the key figures who formally introduced design science
into information systems research. In 2004, Hevner, along with other co-authors,
published a paper titled “Design Science in Information Systems Research”, which
outlined the core principles and research process of design science and explained how
the creation and evaluation of artifacts can generate theoretical knowledge

(Rothenberger & Kuechler, 2012).

Guideline Description

Guideline 1: Design as an Artifact Design-science research must produce a viable artifact in the
form of a construct, a model, a method, or an instantiation.

Guideline 2: Problem Relevance The objective of design-science research is to develop
technology-based solutions to important and relevant
business problems.

Guideline 3: Design Evaluation The utility, quality, and efficacy of a design artifact must be
rigorously demonstrated via well-executed evaluation
methods.

Guideline 4: Research Contributions | Effective design-science research must provide clear and
verifiable contributions in the areas of the design artifact,
design foundations, and/or design methodologies.

Guideline 5: Research Rigor Design-science research relies upon the application of
rigorous methods in both the construction and evaluation of
the design artifact.

Guideline 6: Design as a Search The search for an effective artifact requires utilizing available

Process means to reach desired ends while satisfying laws in the
problem environment.

Guideline 7: Communication of Design-science research must be presented effectively both

Research to technology-oriented as well as management-oriented
audiences.

Figure 3.1: DSR Guidelines (Hevner et al., 2004)

Hevner et al. (2004) presented 7 guidelines through their research work by offering a
framework to conduct research in the field of information systems (See Figure 3.1).
These seven guidelines highlight the significance of developing artifacts and evaluating

them to address real-world challenges. They argued that a meticulous designing and a
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thorough testing is required for artifacts to be effective. It ensures that artifacts not only
solve problems at hand but also contribute to new knowledge leading to better

innovations.
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Figure 3.2: DSRM process model (Hevner et al., 2004)

These seven guidelines provided a process model to conduct design research in a well-
structured manner (Hevner et al., 2004). As can be seen in Figure 3.2, the model has
several key stages: Problem identification that involves recognising and defining the
issues clearly and addressing the research. Then is the Object Definition, when the
identified problems require specific goals and objectives. In Design and Development
stage, the solution or artifact is created that meets those objectives. The next stage is
Demonstration, where solution is applied that illustrates how well it solves the problem.
The Evaluation stage assesses the solution’s performance and its impact to ensure it
meets research goals. The final stage is the Communication stage, where the results
and findings are shared with research community and relevant stakeholders. (Dresch et

al., 2015; Hevner et al., 2004; Offermann et al., 2009; Wieringa, 2014).
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Based on the study of DSRM above, DSR aims to solve issues by developing a new
artifact. To address any real-world problem, researchers must address two knowledge
challenges. First, they must recognize the problem and evaluate if the suggested solution
successfully addresses it. Second, they should to predict the results of implementing the
design in the given context (Wieringa, 2014). The problem in our case is that there is
currently no single system or app, there integrates all the essential features for disaster
management. Such system or app is predicted to combine all necessary functionalities

to provide public with vital information and improve disaster preparedness.

Peffers et al. (2007) describe that DSR as involving steps like building theories,
developing systems, experimenting, and observing results. However, the design process
does not always have to follow these exact steps. For example, Winter and vom Brocke
(2021) focus on creating solutions to specific problems by carefully building and testing
them. This research follows a similar path with four main stages: proposing a solution,
developing the system, running simulations, and evaluating the outcomes. By suggesting
a solution first, we can define the types of system needed, which is then developed and

evaluated through simulations.

While many researchers test their systems in real-world situations, design science
research can be done in different ways. Instead of fully deploying the system, it can focus
on evaluating the knowledge gained from the system’s design (Venable et al., 2016) .
The goal of design science research is to match the research objectives, such as
evaluating how well the system works (Méndez Fernandez & Wieringa, 2013). Our study
explores the advantages of using real-time disaster reporting, notifications, and danger
zone visualization. The design science approach aims to assess how these features
improve disaster preparedness and response. Since DSR often creates new knowledge

for the field (Kuechler & Vaishnavi, 2012), it’s an ideal method for this research.
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3.2. Research Framework

Our research framework draws from both a literature review and the DSRM. It includes

six different distinct phases, illustrated in Figure 3.3, with each phase described in detail

LD SR U e e

Figure 3.3: Research Framework  (source: Author)

below.

3.2.1. Phase 1: Literature Review

The literature review conducted in this research highlights the current limitations in
disaster management systems. While many existing systems or applications focus on
early warnings, weather forecasting, and public education about natural disasters, they
fall short in several areas. Typically, notifications are sent by the government emergency
agencies only after a disaster has occurred, and the public receives these alerts via
phone messages. For real-time updates, they still rely on radio, TV, or civil defence

websites.

Our review identified a significant gap: recent applications do not offer features for users
to report disaster events or view danger zones directly on their mobile devices. We also
explored the use of modern technologies in disaster management, noting that
smartphones and mobile applications are increasingly being utilized in this field. This

evidence supports the potential of using mobile technology to fill the existing gaps.

In this research, we propose developing a mobile application designed to address these
shortcomings. This app would allow users to report disasters, receive real-time

notifications, view danger zones on a map, and access updated news about the events.

Most of the literature was found through searches of the Auckland University of
Technology library and Google Scholar. A small portion of the sources came from

websites, such as those related to New Zealand Disaster and Emergency Management.
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To ensure that all sources and technologies are relevant and up-to-date, the search
primarily included literature published within the last 5 years, with information on mobile

applications being used from the past two years.

3.2.2. Phase 2: Research Motivation

Design science research can solve the problems present in the current system or build
a solution that is more effective and efficient than previous ones. In chapter one —
Introduction section, we have identified that in existing emerging disaster management
systems, the public mostly relies passively on natifications issued by the government
emergency agencies. If they need to learn more about disaster information and stay

informed, they still have to go through the Civil Defence website, radio, or television.

However, disasters can happen at any time, and aside from natural disasters, there may
also be man-made disasters, such as car accidents. If an incident is not discovered or
reported in time, it can delay emergency response efforts. Therefore, the motivation of
this research is to develop an application that allows the public to actively report a
disaster using widely available mobile phone apps, enabling them to access disaster
information and danger zone at any time, rather than relying on calling 111 to report the
disaster, if someone faces a language barrier and cannot speak fluent English, it could
lead to confusion. Additionally, it prevents relying solely on websites, television or radio
for information. We also explore the potential features and benefits that our research
solution may provide. At least, the proposed features and benefits should facilitate real-
time disaster reporting, receiving notifications, and visualizing danger zone, while also

enhancing disaster preparedness.

3.2.3. Phase 3: Defining Objective

In this phase, we have clearly identified that our goal is to develop a mobile application.
To achieve this goal, we need to plan and analyse all the required features which will be
discussed in Chapter 4. Additionally, the development technologies such as
programming languages and platforms will be covered in Chapter 5.
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3.2.4. Phase 4: Designing Solution

After defining the research objective, we begin to build up the prototype mobile
application in this phase. The development process is guided by Software Development
Life Cycle (SDLC), which comprises three major stages: design, development, and

testing. In this phrase, we focus on designing solution as discussed in Chapter 4.

The proposed system architecture is presented during this stage. Unified Modelling
Language (UML) diagrams are used to visualize and document the structure and
behaviour of the system. The UML diagrams include: use case diagrams to illustrate how
use cases interact between actors and system, where actors represent the admin who
manages the system and the general public as users of the system in this research; a
class diagram to demonstrate the structures, methods, and attributes of the system.
Additionally, database diagrams, which are introduced in this phase to show how data is
stored in the database. The functional requirements and non-requirements are also

identified in this phase.

3.2.5. Phase 5: Implementation

The implementation phase involves converting the design from the previous phase into
a working prototype solution, as detailed in Chapter 5. The implementation phase
includes both frontend and backend development. Frontend development focuses on
creating the mobile application prototype that allows users to report disaster events,
receive disaster event notifications, view danger zones and access updated disaster
news. The backend development includes administrator to verify events, send events

notifications to user mobile application, and manage events.

The system development architecture, technologies and Integrated Development
Environments (IDEs) used are discussed, including those for frontend, backend and
database development. Additionally, this phase addresses the testing process, tools and
prototype code storage. The design of frontend and backend Uls, key functionalities, and

relevant code snippets are also discussed.
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3.2.6. Phase 6: Evaluation

The final stage assesses the effectiveness and usefulness of the mobile application
prototype developed. This evaluation will be conducted according to a structured

framework with specific actions, which will be detailed in Chapter 6.

The process of evaluation has several key steps: random selection of 15 participants,
simulating a mock emergency event that uses the prototype, and evaluating application
of the prototype through collected feedback from a prepared questionnaire. Such
approach ensures thorough understanding of prototype’s application, its performance

and the impact in real world scenarios.

After evaluation, we strive to make change based on the feedback received. This may
include revisiting designing, implementation and evaluation phases as shown in Fig 3.3.
However, if significant redesigning is required, it would be beyond the scope of this

research.

This research obtained its approval from the Auckland University of Technology Ethics

Committee (AUTEC), the Ethical Approval can be found from Appendix A.

3.3. Chapter Summary

This chapter explains Design Science Research (DSR) methodology and the reason to
choose this method. It explains DSR used in each phase of the research, emphasising
how this approach contributed to the development of mobile application prototype. The
prototype, further, addresses the challenges of disaster management, specifying the lack

of features in current mobile applications, that allows users to report disaster.

31



4. Designing Solution

In the previous section, the research methodology and framework were introduced to
determine why the prototype is needed and what it should do. This section discusses
how to begin designing solution for the mobile application prototype. It is necessary to
prepare the design system specification to identify both functional and non-functional
requirements, create UML diagrams, design the database, However, before starting the
actual development, it’s essential to choose the right Software Development Lifecycle

(SDLC), as it helps how to build the prototype effectively.

4.1. Mobile Application Prototype Development Process

The SDLC is defined as a process that helps developers and project managers create
software in an organized way (Scroggins, 2014). It breaks the process into smaller
stages to make sure the final product meets customer expectations and is delivered on
time and within budget (Sharma, 2017). According to the Figure 4.1, these stages are

commonly divided into six stages:

Maintenance 1

Planning

Sy Software
Testing& Development
oL LifeCycle

lmplerﬂr:taﬂon ' 3

Figure 4.1: Software Development Lifecycle(Medium, 2023)

Planning stage: This stage outlines how to build the software and includes elements

such as creating a timeline for the project, assigning tasks to different group of people,

figuring out how much money will be needed to build the software , and also thinking
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about how to handle potential risks that could happen during the project (Kute & Thorat,
2014). The planning stage is like making a detailed map before going on a trip, so

everyone knows where to go and what to do along the way.

Analysis stage: This stage is to figure out exactly what the software should do. The
analysis stage helps development teams understand the problem, for example, what
features the system should have and what problems it will solve. It requires to
communication with various stakeholders to gather information, and then the team
documents everything the software needs to do, which are the requirements. Additionally,
this stage, it involves studying different feasibilities, for example, checking whether the
teams has enough resources or expertise to build the system, and if not whether these
can be acquired without difficulties (Ragunath et al., 2010). The analysis stage is like
planning to build a house, before starting, one should understand what the house needs,

how big it will be, and what materials are required.

Design stage: This stage involves figuring out exactly how the software will work and
how it will be built. It includes creating various models and diagrams, such as UML
diagrams, to visually represent how the system functions. These visual tools help in
planning and understanding the software’s structure and interactions (Langer & Langer,

2008). Examples of diagrams commonly used include:

e Use Case diagrams illustrate how users interact with the system and what
functionalities the system provides (Scroggins, 2014).
e Class diagrams show the structure of the system by detailing the classes,

attributes, and methods (Scroggins, 2014).

Additional, database design is a crucial part of this stage. It involves creating diagrams
show how data will be organized, stored, and accessed in the database (Olorunshola &
Ogwueleka, 2022). The design stage is like drawing blueprints before building a house,
ensure that every aspect of the software is planned out before actual development

begins.
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Implementation stage: in this stage, programmers start writing the code to create the
software based on the design plans. It’s like starting to build the house using the
blueprints. Although testing is a separate stage, some testing happens during

implementation to catch any issues early and fix them (Raj et al., 2014).

Testing stage: After the software has been built, it is important to check if it works as it's
supposed to. This stage like a final inspection before a house is ready for people to live
in. Types of testing unit testing, which involves testing individual parts or “units” of the
software, and automated testing, which uses special tools or scripts to automatically test

the software (Jindal, 2016).

Maintenance stage: This stage involves working with deployment. Once the testing

phase is completed and the software is approved, it's released for use, whether for
internal use or for clients. Th maintenance stage, which occurs post-deployment,
supports fixing bugs, making necessary improvements, and updating the software to

adapt to new requirements if required (Pukdesree, 2017).

As discussed above, the SDLC is helpful process that breaks down software
development into smaller stages, that ensures the final products meet expectations.
However, when it comes to how these stages are approached, there are two common
methods: Waterfall and Agile (Palmquist et al., 2013). Waterfall is a traditional, step-by-
step approach. Each stage is completed before moving to the next stage, making it
easier to manage but less flexible if changes are needed later. On the other hand, Agile
is a more flexible method where teams work in short cycles, making adjustments based

on ongoing feedback (Senarath, 2021).

While Agile offers more adaptability, for the purpose of this research, Waterfall proves to
be the appropriate approach due to the clear structure and specific requirements we
need to fulfil, as previously discussed in earlier sections. There will be no need for any

extra features or significant changes or disruptions later in the development process.
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This allows researcher to concentrate fully on completing each stage thoroughly before

moving to the next.

4.2. Mobile Application Requirements Specification

This section outlines the requirements and the UML diagrams for the mobile application
prototype. To figure out these requirements, it is first essential to understand how the
system should work. The proposed system architecture includes the necessary activities,

as illustrated in Figure 4.2.
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0.0 Report a disaster/emergency event
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(Mobile Application user) @
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application

1 1 |
1 1 |
1 1 1
1 1 1
1 . .
| : : Verify the disaster/emergency event
I Receive notifications of the events on mobile application 1 1
| ! |
I ! |
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.
* Update the disaster/emergency event information

* View the disaster/hazard zone map on the mobile * Visualise the disaster/hazard area on the map
application °
* Track updates of disaster/emergency event information °

Send event notification and details to mobile application
Publish the hazard zone map to the mobile application

Figure 4.2: Proposed Disaster Emergency Management System Architecture  (Source: Author)

To report a disaster or emergency event, the general public will use the mobile
application to submit the incident. The admin on the web server will then verify the event
to prevent fake reports or update event details. After verification, the admin will send a
notification to alert all users of the application. Two systems need to be developed in this

prototype: the mobile application and the web server.
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The activities for mobile application include allowing users to report disasters when they
occur, receiving event notifications, viewing the disaster hazard zone, and tracking
updates of disaster information. The web server system should enable the admin to verify
the disaster events, update event details, visualise the disaster danger zone on a phone
map, and send notifications, along with the danger zone map and details, to be published

to mobile application.

4.2.1. User Characteristics

In this prototype design, two user roles are included, as listed in Table 4:1 below:

User Description

o The users are defined as individuals from the general
public who interact with the designed mobile phone

users application.
The users can use the application’ features.

¢ Since this prototype is designed for research purposes,
certain age groups, such as users under a specific age,
are not considered in this research.

(Mobile Application)

admin e The admin is an administrator that manage disaster
(Web Server) management system on the web server.

Table 4.1: User Characteristics (source: Author)
4.2.2. Functional Requirements

According to Tiun et al. (2020), functional requirements provide a clear outline of what
the system should do, it is the specific actions, tasks, or behaviours that a system must
perform. These requirements define the features or operations that the system needs to
carry out in order to meet its objectives and fulfil the needs of its users (Guevara-Vega
et al., 2019). In this prototype, all functional requirements are introduced and described

below:
A) Functional Requirements of Mobile application

User management:

¢ The mobile application user should be able to register an account.

36



e To register, the user should enter a username and password. (Since this is a

prototype for demonstration purposes, the system does not require any

constraints, validation or format on user registration).

e Once registered, the user should be able to log in to the application.

e After logging in, the user should have access to three features: 'NEW EVENT,

“Current EVENTS’, 'NEWS'.

Reporting Events System:

e The user should be able to report a disaster/ emergency event by clicking on the

“‘NEW EVENT” button.

o To expedite the reporting process and allow users to report a disaster quickly, the

design intended to simplify the report process:

O

After clicking on the '"NEW EVENT" button, a map should be able to pop
up, and by default, it should be able to automatically captures the user’s
current location with a pin marker on the map. If the user’'s current
location is not disaster site, they shall be able to browse the map and
manually pin the correct location.

After pinning the correct location, the user should be able to fill out the
report form. The form should contain the event name to specific the type
of event, for example fire or earthquake; the data and time when the
event occurred; the level of the event, such as moderate or critical; the
location (in case the user did not pin the correct location on the map, they
can still enter the location manually, for example, ‘Auckland City’);
information describing the disaster event; the name of the person
reporting the event, and an estimated of how large the affected area is,
such as 1 km or 2 km.

The user should be able to provide the event details in the report form, if

time is limited, only two fields in the form are mandatory to complete: the
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event name and the date and time of event occurrence. Other fields are

optional.

View Current Disasters Events:

e [fthe user wants to view current disaster events, they shall be able to click on the
"CURRENT EVENTS" button to access a list of all ongoing disaster events and
view the details of each event.

e If the user wishes to view the danger zone areas of a particular event, they shall
be able to click on the event information, which will pops up a map displaying the

danger zone visualisation.

Emergency Management News:

e If the user wants to check emergency management news from the New Zeland
National Emergency Management Agency, they shall be able to click on the
"NEWS' button within the application. The news should be embedded directly in

the application, so users do not need to open a browser to view the latest updates.
B) Functional Requirements of Web Server

User management:

e Considering security concerns, the web server should not allow any user to self-
register. An initial admin account should be created automatically when setting
up the database. Once the admin is logged into the web server, they should be
able to create additional users and assign roles on those users. For example,
roles can be predefined by the admin, such as, “Administrator”, or “Standard
User’, each with different levels of permissions to access specific functionalities.
As this is a prototype for demonstration purposes, there is no need to create other

users beyond the admin in the version.
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Disaster Events Management:

The admin should be able to manage disaster events submitted by mobile

application users. Managing events includes viewing event details, updating

event information, and deleting disaster events.

O

To view the details of an event, the admin should click on the "View" button,
which will open a screen displaying all the information about the event.
To View the danger zones of an event, the admin should be able to click
on the "View Hazard Areas’ button to see the affect areas on the map.
To update event details, the admin should be able to edit all disaster
information, including the event name, event date and time, severity level,
affected area, the exact position of the disaster by longitude and latitude,
event address, description, reporter name and contact information.

The admin shall be able to delete a disaster event.

Considering this prototype focuses on mobile application users actively
reporting disasters, and the admin verifying these events, therefore, the
function to add new events on the web server is not required in this
version. This feature can be included in the full version for the next stage

of research.

When mobile application users report disaster events, the default status of these

events on the web server is set to 'Pending’. The admin shall be able to verify

the event. Once an event is verified, a notification should be automatically sent,

the events details will be published in the mobile application. Mobile application

users should then receive the notification and be able to view the full events

details.
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4.2.3. Non-Functional Requirements

Non-Functional Requirements explains how well system a system should work. It
focuses on the overall quality and user experience rather than specific functions (Chung

etal., 2012).

A) Performance: According to Ameller et al. (2012), performance is to measure how
efficiently the system operates. In this prototype, it is crucial that both mobile
application and web server perform optimally, because it helps to ensure that users
are able to report disaster events or view disasters details in real-time. A high-speed
internet is required for this prototype, as it supports the smooth operation of both
platforms. Because it is not just about one user to report an event during emergencies,
there could be many users reporting events at the same time. Therefore, the system
should be able to handle multiple users simultaneously without delays, so all disaster
reports are processed and displayed efficiently. Additionally, the web server must be
optimized to send notifications instantly to users as soon as there are updates about
disaster events.

B) Reliability: The second non-functional requirement to consider is reliability. This
prototype should be available at all the times to ensure that mobile application users
can access information and report incidents whenever needed.

C) Security: Security is a major concern for this prototype, as quick and reliable
decision-making is crucial during a disaster. If security is compromised, through
cyberattacks such as data manipulation or denial of service, it could delay or mislead
critical responses. For example, if hackers change the disaster location, it could
disrupt rescue efforts and worsen the impact of the disaster.

D) Usability: Another non-functional requirement to consider is usability, which refers to
how easy the system is to use (Chung & do Prado Leite, 2009). This prototype must
be designed for ease of use, as users need to report incidents and access to critical

information immediately during a disaster. Therefore, a user-friendly system enables

40



users to report disasters and find event information quickly, thereby reducing panic

and confusion, and facilitating effective responses coordination.

4.2.4. UML Diagrams

Unified Modelling Language (UML) is a way to draw diagrams to explain how a system
or software works. It helps people understand, design, and plan how a system function
before it is built. Compared to written system descriptions, which can be interpreted in
different ways by different people, diagrams provide a more precise and clear
understanding. This ensures that everyone interprets the system in the same way (Yu &
Mylopoulos, 1994). This section will use activity diagram and use case diagrams to

demonstrate how the prototype works.
A) Activity Diagram

An activity diagram is similar to a flowchart that shows the steps or actions involved in a
process. It helps visualize how a system works by breaking in down into smaller steps

and showing how those steps are connected (Tilley & Rosenblatt, 2017).

In this prototype, users are required to report disaster events, and the admin verifies and
publishes these events. Figure 4.3 illustrated the activity diagram of the reporting process.
The diagram starts with mobile application users (who download and install the mobile
application on their smartphones) to reporting disaster events by pinning the location,
filling out the report form, and submitting the event to web server when a disaster occurs.
Once the event is submitted, and the web server sets the event status to ‘pending’. The
admin then verifies the event, for example, they will check its authenticity and update the
collected event details. They will also send notifications and publish all the details to alert
the application users, keeping them informed and prepared. The verification process is

outside the scope of this prototype, it can be explored in future research.
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Figure 4.3: Activity diagram - Disaster Event Reporting Process (Source: Author)

B) Use Case Diagrams

In software design and development, a use case diagram shows who can use the system
and what they can do with it. It highlights various roles, such as users or staff, known as
actors, and illustrates how they interact with the system. (Tilley & Rosenblatt, 2017). This
prototype design involves two actors: mobile application users and the web server admin.
Figure 4:4 shows a high-level use case diagram that provides an overview of how these

two actors interact with the prototype, and what functionalities the system must fulfil.
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Figure 4.4: Use Case Diagram - Disaster Reporting System (Source: Author)

4.2.5. Database Diagram

Figure 4.5 illustrates the database structure of the prototype application for events and

users. The user and event data are required to store in an online database to ensure it

is accessible at all times. The “event_info" table contains all fields necessary to identify

an event. For example, "event_name’ specifies the name of the event, while ‘lat_value’

and ‘lon_value’ represent the latitude and longitude of the event. The data types and
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sizes are also specified in the database structure; for instance, the “event_name™ data

type is ‘varchar’ with a size is 32.

» id: varchar(32 12 user_id: bigint(20) ® user id- bigi

svarchar(32) id: bigint y ]|
elw.bnt_name 1 dept_id: bigin J2 role_id: bigin:(20)
time_occ: date user_name: varchar )
datetime_occ ime(0) nick_name: var

time_checkin: datetime(0) user_type: varc

latvalue varcharn s
lon_value: v

email: varchar(50)
“ha

phonenumber varchar(1l)

location: varchar( sex: char(1)

event_type: avatar va

event_desc va

ar(255) password: varchar(100)

occurrence_scope: varcharZ status: char(l)
van 5 del_flag: char(l) login_base

login_ip: varct 2 id: varchar(32

status: varchar login_date da user_code
occurrence_area: varchar(255) create_by varchan(64) login_pwd: varct
delflag:varchar create_time: oz remark varchar(255
user_id bigint update_by: varchar(64)

deptid bigi update_time: datetime(0)

create_by varchz remark: varcharn500)

create_time: d
update_by va
update_time: datetime(0)

remark varchan255)

Figure 4.5: Database Diagram of Prototype Application (Source: Author)

4.2.6. Chapter Summary

This chapter outlines the functional and non-functional requirements used in developing
the prototype application. It also covers the use case diagram, activity diagram and

database diagram.
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5. Implementation

Currently, the mobile phone market is dominated by two major operating systems:
Android and iOS (GlobalStats, 2024). According to Zohud and Zein (2021) and
Nurbekova et al. (2020), in mobile application development, there are several
programming languages are commonly used based on the platform and the specific

requirements of the application.
iOS development:

iOS is developed by Apple Inc. it's only used for Apple’s mobile devices such as iPhone

and iPad (Posey, 2024). Key languages for iOS platform include:

Swift: Swift is the main programming language which is used for native iOS development
such as iPhone or iPad. It is a replacement of Objective-C. Swift is safe and optimized

for performance (Baresi et al., 2024).

Objective-C: Objective-C is still used in existing iOS projects and libraries. It remains an

essential skill for maintaining older iOS applications (Baresi et al., 2024).

Android Development:

Android is an open-source platform developed by Google, operates on the Linux Kernel
(Dzezhyts, 2013). Three-quarters of all smartphones worldwide run Android (Apps, 2024),
including devices from Samsung, Google (Pixel Phones), Amazon Fire, Sony and

Xiaomi.(Android, n.d.) Common languages used for Android development include :

Java: Java is the primary language used to develop an Android application. It provides

an extensive library and community support (Cheon, 2019).

Kotlin: Kotlin is supported by Google. It offers many features and seamless
interoperability with Java, making development faster and more concise (Ardito et al.,

2020).
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Cross-Platform Development

Instead of creating separate apps for iOS and Android, another approach called cross-
platform development offers developer to create a single codebase and deploy it across
both operating stems: iOS and Android. (Charkaoui & Adraoui, 2014). Examples of cross-

platform development approaches include:

React Native: Created by Facebook, React Native leverages JavaScript along with
React framework to develop applications that are compatible with both iOS and Android

systems. (Danielsson, 2016).

Flutter: Created by Google, Flutter uses Dart programming language to develop mobile
applications for iOS and Android platforms. Flutter provides a rich set of Ul components
and tools, allowing developers to quickly build modern, visual appealing user interfaces.

(Tashildar et al., 2020).

Xamarin (C#): Uses C# to develop apps for both iOS and Android. It provides access to

native APIs and libraries.

Web-based: This approach utilizes web technologies like HTML, CSS, and JavaScript
to develop what are known as Hybrid applications. These applications are packaged
within a native container, allowing them to be installed and run on mobile devices, similar
to native applications from an app store. Basically, hybrid applications combine web

technologies with the functionalities of native applications (Amatya & Kurti, 2014).

Considering the mobile development application designed in this research, after users
report an emergency event, it is necessary to verify the authenticity of this event. To
accomplish this, it is necessary not only implement a verification system, but also to
manage event publication, notifications, visualization the danger zone and overall event
management. Therefore, in addition to completing the mobile development application,
an event management system also needs to be developed. Given the researcher’s
proficiency in Java programming, the Spring Boot + Vue.js framework was chosen for
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this research. Spring Boot, developed in Java, aligns well with Android development for
prototyping the mobile application, which primarily uses Java as one of its main
programming languages. This choice leverages the extensive availability of Java-based
development tools in the public domain and fits well with the researcher’s skills. For the
frontend of the events management system, Vue.js was selected due to its effectiveness

in creating dynamic user interfaces.

This chapter focuses on the implementation stage of the application. Section 5.1
discusses the system architecture and technologies used in the development process
and introduces the Integrated Development Environments (IDEs) used, along with their
respective versions. Section 5.2 provide screenshots of both the mobile application
prototype and the event management system frontend, accompanied by corresponding
code snippets and explanations. Section 5.3 demonstrates key functionalities through

provided code snippets and descriptions. Section 5.4 covers the prototype testing.

5.1. System Development Architecture and Technologies

D e
MOBILE APPLICATION WEB SERVER
Frontend
Android Material Desian Vue.js Element Ul HTML5 CSS3
I HTTP/HTTPS
Router Security Authentication Dependency Injection
GitHub
Baehend 1 REST/JSON
Spring Boot
Pring Maven
Mapping
Selenium IDE
Database
MySQL Redis

Figure 5.1: Proposed System Prototype Development Architecture (Source: Author)
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Figure 5.1 illustrates the proposed architecture for the system prototype development. It
consists of three main parts: Frontend, Backend, and Database. This architecture was

used for building both the frontend and backend, as describes as follows:

5.1.1. Frontend Development

The frontend development of the prototype is divided into two parts: MOBILE
APPLICATION and WEB SERVER as shown in Figure 5.1. The "MOBILE
APPLICATION’ component manages the mobile application for reporting, receiving and
visualizing disaster events and danger zones. The 'WEB SERVER" component handles
the events management system, including the verification of the disaster event,
publishing the event, and managing events. Various technologies were used to build the
prototype’s frontend: Android, Material Design, Vue.js, Element Ul, HTML5, and CSS3
were utilized to develop and style both mobile application and the web server event

management system, as detailed below:
A) MOBILE APPLICATION

Android (Java): Android is the system that runs mobile apps on Android devices like

phones and tablets, providing the necessary tools for app development. In this research
prototype system development, Android was used to create a prototype version of the
app specifically for Android devices. Java was the programming language used to write
the app’s code, and Android’s SDK (Software Development Kit) provided APls
(Application Programming Interfaces) that help build the app’s appearance, manage how
users interact with it, and connect it to other services (Steele & To, 2010). The Android
framework organizes how the application looks and works, manages how different parts
of the app communicate, and handles background tasks like loading data or making
network requests. For instance, in the mobile application prototype development,
Activities and Fragments control the app’s screens and interactions, Intents help different
parts of the application talk to each other, and "AsyncTasks™ handle tasks running in the

background (Steele & To, 2010).
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Material Design: Material Design is a guide from Google that helps make apps look

good and work the same on all devices, like phones and tablets. It provides rules for
designing things like buttons and colors, and how these elements should behave when
user interacts with them (IxXDF, 2024). For example, in this development, some material
components used such as "AppBarLayout’ and "Toolbar™ that help organise the top
section of the application with easy-to-use buttons and titles. The "DrawerLayout™ used
to create the sliding menu, making it easy to navigate through different section of the
application. The “List View” displays items in a clean and readable way. By following
Material Design, the application looks good and works smoothly across various devices,

ensuring that it is both visually appealing and user-friendly.
B) WEB SERVER

HTML5, CSS3, Vue.js and Element Ul: When developing a website, HTML5 is used to

define the webpage's structure and content. For example, the “header tag is to define
the webpage header. CSS3 is responsible for handling the style and layout, they work
together creating the visual presentation (Macaulay, 2017). Vue.js is a framework used
to create dynamic and interactive websites. Element Ul is a collection of pre-designed
components like buttons and forms that work with Vue.js that speeding up the design
process and ensuring everything looks polished (Kumpulainen, 2021; Mobaraki et al.,
2007; Sarrion). In the web server frontend development, the HTML5, CSS3 is to make
the webpage structure and styling within Vue.js and Element Ul components to create
the frontend interface. For example, as shown in the Figure 5.2, the “el-form-item’ is an
Element Ul component used to wrap form items, such as input fields. The inline style
sets the width of the input fields to 63% of the container's width. These frontend

technologies work together to provide effective layout and visual effects for the prototype.
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<el-form-item prop="code” v-if="captchaOnOf{">
<el-input
v-model="loginForm.code™
auto-complete="off"
placeholder cation code”
style="width:

@keyup .enter.native="handleLogin"”

Figure 5.2: Element Ul Form Input (Source: Author)

5.1.2. Backend Development

Spring Boot is a framework built on top of Spring that simplifies Java development by
reducing the amount of configuration required. It integrates smoothly with databases,
web frameworks, and security features (Walls, 2015). In this prototype, the backend
development utilizes the Spring Boot framework, as shown in Figure 5.3, when a user
reports a disaster event, routing is used to direct each HTTP request to the appropriate
controller method based on the URL and HTTP method. For mapping, the prototype uses
Object-Relational Mapping (ORM) to link database records to Java objects, which
simplifies data handling. Dependency injection in Sprint Boot manages relationships
between classes automatically. For example, injecting a disaster reporting service into
the controller to handle disaster-related tasks. In terms of security, Spring Security is
implemented to ensure that only authorized users can report or view disaster information.
The system will verify users and admin who must login with username and password. In
the backend of this prototype, specific permissions are assigned, such as granting admin

the ability to manage disaster events.

Figure 5.3: Backend Structure (Source: Author)
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5.1.3. Databases

The database within this architecture is used to store various types of data, such as user

information, details of disaster events. There are two databases are used:

MySQL is a popular relational database management system supporting SQL query
language. It is managed with Spring Data JPAin the Spring Boot backend for data access
layer management, implementing CRUD operations which are create, retrieve, update

and delete (Bell, 2012; Zhang et al., 2021).

Redis is an open-source, in-memory data structure store supporting various data
structures such as strings, hashes, lists, and more, including publish/subscribe patterns.
Integrated into the Spring Boot backend for caching frequently accessed data or session
information, reducing load on MySQL database and enhancing system concurrency and
responsiveness (Li, 2022). The caching mechanism is important because the prototype

requires real-time performance, especially when users report or view disaster events.

5.1.4. Additional Technologies

As shown in Figure 5.1 above, in addition to the frontend and backend technologies,

several other technologies were used in the prototype development process:

HTTP/HTTPS are the fundamental protocols for transferring data over the web (Hong
et al., 2023). When a user interacts with the web system or mobile application, HTTP
requests are sent to the server to retrieve or send data. HTTPS uses encryption (via
SSL/TLS) to protect data transmitted between the client (web browser or mobile
application) and the server (Paracha et al., 2020). REST is a design approach for
creating networked applications. It uses standard HTTP methods (GET, POST, PUT and
DELETE) carry out various operations. (Martin-Lopez et al., 2022). RESTful APIs are
frequently used to facilitate interactions between the frontend and backend (Ozdemir,
2020). JSON is a compact and easy-to-read format for data exchange. It is designed to

be simple for humans to understand and straightforward for computers to access. JSON
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is often within RESTful APIs to structure and transmit data between clients and servers
(Ahmad et al., 2021). In this development, The Vue.js communicated with the Spring
Boot backend using RESTful APls. HTTP/HTTPS are used as the underlying protocol
for these API calls. The data exchanged is in JSON format when a user retrieves a list

of disaster events from the server or reports a new disaster to the server.

GitHub is cloud-based service that allows developers to store, manage, and track
changes to their code repositories (Hata et al., 2022). The researcher encountered a
hardware failure that resulted in the loss of all prototype code without a backup during
development process. Since then, the GitHub has been used to securely stored the code

and related assets in the cloud, as well as to track and manage changes.

Maven is a build automation tool used primarily for Java project to manage the project
dependencies (Downey & Downey, 2021). Maven is used in the prototype development

to manage the various libraries and frameworks required for the prototype.

Selenium IDE is an automation testing tool used to verifying functions and features of
web applications (Krishna & Gopinath, 2021). In this development, selenium IDE was
installed on Chrome web browser to test the disaster verification function.

5.1.5. Integrated Development Environments Used in Development

The Integrated Development Environments (IDEs) used in this development are:

IntelliJ IDEA: This IDE is used for backend Java development. The version used in this

development is IntelliJ IDEA 2023.1.1 (Ultimate Edition), with a license granted by AUT.

Visual Studio Code: This IDE is used for web server frontend development. Visual
Studio Code is open source does not require a licence. The version used in this

development is Visual Studio Code 1.93.0.
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Android Studio: This IDE is used for mobile application development. Android Studio is
also open source. The version used in this development is Android Studio Flamingo |

2022.2.1 Patch 1.
5.2. Interface Design and Code Implementation

This section introduces the main interface designs for mobile application and web server

along with code snippets and explanations.

5.2.1. Main Mobile Application Interfaces Designs

This mobile application is an Android app built using Android Studio. The main application
interface designs are shown in different figures. The left screenshot displays the actual
application as seen on the phone, while the right screenshot shows the corresponding

code snippets and design from Android studio project.
A) APP Name and Icon Display on Phone

Figure 5.4 below illustrates the mobile application’s icon on the phone. This application
is named 'DEAPP" - Disaster/Emergency Events Application. The code snippet
demonstrates the configuration settings of the Android application within the
‘AndroidMainfest.xml™ file. It configures the essential settings for the application,

including the app name (see line 22) and icon (see line 21).

(R « NET3 L}

Figure 5.4: APP Icon on Home Screen  (Source: Author)
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B) Login/ Registration Interface

To use the application, users need to click on the 'DEAPP" icon on their phone. The login
interface provides two functions: Register and Login. As mentioned in the chapter 4, this
application prototype is more concrete in terms of its functionalities, so the constraints
are not required in this design for the "Register’ function. To login or register, users only
need to provide their ‘'username’ and ‘password’, as show in Figure 5.5. The Android
‘LinearLayout’ arranges the login and registration buttons horizontally. This layout
adjusts to fit the screen, so that the buttons could share space evenly. The added

margins and paddings help make the interface visually appealing and easy to tap.

Username

Password

.

Figure 5.5: Login and Registration Screen (Source: Author)

C) Dashboard Interface

After logging, users can access the dashboard (see Figure 5.6). The application allows
users to view three buttons: "NEW EVENT', 'CURRENT EVENTS" and 'NEWS’, as
discussed in chapter 4. At the top of the screen, there is a toolbar containing the ‘menu’
and ‘logout’ options, which use the "AppBarLayout’. The "AppBarLayout’ was discussed
in the technologies section, where it was mentioned that it utilises "Material Ul". The three
buttons are placed within a "TableLayout’, which is centered in the layout. The single

“TableRow" contains: the 'New Event’ button with a map icon, the "Current Events’
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button with a list icon, and the "News' button with a news icon. All buttons have a

transparent background and black text.

=]

& S

NEW EVENT CURRENT EVENTS NEWS

Figure 5.6: Dashboard Interface  (Source: Author)

D) Disaster Event Reporting Interface

To report a disaster event, users should click on the 'NEW EVENT' button, which will
pop up a map, as shown in Figure 5.7. If the disaster location is correct, the user can
slide to the side to access the report form. The form contains necessary attributes to
describe the event, with mandatory entries for "Event name’, "Occur Date™ and "Occur
time’.

To facilitate quick reporting, the occurrence date and time will default to the user’s current
date and time. If they wish to change it, they can select the correct data and time;
otherwise, the user can click the "'CONFIRM" button to submit the event. To edit the date
and time, the user simply clicks on the calendar and selects the exact time when the
disaster occurs. No additional input is required for the date and time. If the user has
enough time, they can complete the optional fields to provide more detailed information

about the event.
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Event name

Fire

Occur Date

2024-06-24

Occur time

20:44:00
Severily Level
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Event info
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CONFIRM

Figure 5.7: Report Disaster Events Interface
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CANCEL

(Source: Author)

Set time

CANCEL

Figure 5.8: Layout for Disaster Event Reporting Interface (Source: Author)

Figure 5.8 is partial code snippets that illustrate how the report disaster events interface

is designed. The root element is a ‘DrawerLayout’, which enables a sliding navigation

drawer that fills the screen. Within it, a "LinearLayout™ serves as the main container for
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Ul components. A "MapView" from the Baidu Maps APl is incorporated to display a map
for location selection. On the right side, the "TextlnputLayouts’ and "EditTexts™ for
capturing event details, including event name, occurrence date and time, severity level,
area, and description. Additionally, there are "Spinner’ for selecting options, such as
danger zone area (e.g. 1km, 2 km), rather than requiring manual input. Optional inputs,

and a confirm button are also included.

E) View Disaster Events

To view current disaster events, the user should click on the 'CURRENT EVENTS button.
Which will display all events in a list. As shown in the Figure 5.9, the code snippets
demonstrate the layout used to present disaster events in a user-friendly interface with
a navigational toolbar. The "AppBarLayout’ includes a toolbar featuring a back button
(‘lImageButton’) and a title (‘TextView’). The 'RelativeLayout’ contains a ListView" for

displaying the events, with a custom list item selector.

Iterm 1
Sub lem 1

Iterm 2
Sub lem 2

Itern 3
Sub hem 3

Item 4
Suhb tem 4

Item 5
Sub Item &

Item &
Sub llam &

Figure 5.9: View Disaster Events Interface  (Source: Author)
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5.2.2. Web Server Interface Design

In this prototype, the web server is used for administrators to verify and manage the
disaster events, it is not intended for use by the general public. Therefore, in this section,
only present the main web page interface of managing disaster events, as show in Figure

5.10.

S TR

— vantname

Nurnber Severity Level Event name Oceurrence Date Securrence Time Decurence area Longitude stitsde  Reporter Reparter phone Event Location Verity status Action

) ' reath. penang QD)

Figure 5.10: Web Server- Event Management Interface (Source: Author)

V indexvue X

<template>
<div cla "app-contain
<el-form :mode

:inline="true"

v-show="showSearch”> X

itch v-
Clasll
inactive

<el-form-item label="Severity Level"
prop="eventType
<el-select v-model="queryParams.eventType™
placeholder="Select severity Level"
filterable @ and C -row)">¢/fel-switch>
clearable>
<el-option v-for="dict in dict.type.event_type"

ct.label™
-value™ />
</el-select>
</el-form-item>
<el-form-item label="Event name"
prop="eventName
<el-input v-model="queryParams.eventName"
placeholder="Tnput event name"
clearable
</el-form-item>
<el-form-item label="Statu
prop="status
<el-select v-model="queryParams.status"
placeholder="Select status"
filterable
clearable>

andleUpdate(scope.rou)">Edit¢/el-button>

<el-option v-for="dict in dict.type.event_status” </template>
ey="dict.value" </el-table-column>
:label="dict.label™ il

Figure 5.11: Event Management Interface Code Snippet (Source: Author)
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The web server uses Vue.js along with the Element Ul framework. Figure 5.11 illustrates
a partial code snippet of this interface, showcasing components such as ‘el-form’, “el-
select’, and “el-input’, which are used to build a search form and table for managing
disaster events. The form is used to filter or search disaster based on parameters like
severity level, event name and status (Pending or Verified). The table displays a list of
disaster events with columns for information such as occurrence date/time, reporter, and
event location. It also includes the actions like viewing, editing, deleting events, and
verifying events using the “el-switch® component, which allows the admin to toggle the

verification status of an event between "Pending” and "Verified".

5.3. Key Functionalities Demonstrations

This section discusses the key functionalities with code snippets. These functions involve
the mobile application prototype for user login, disaster reporting, view disaster events,
danger zone visualization, and accessing the latest disaster news from New Zealand
Civil defence website. For the web server, it will demonstrate the functions of sending
event notifications and verifying events. Since the source code is quite extensive, the full
version is not displayed in the code snippets; instead, specific portions are illustrated to

explain each function.

5.3.1. Login Function

The login function allows mobile application users to access the application securely. As
shown in Figure 5.12, when the login button is clicked, it captures the username and
password, creates a ‘LoginBase' object, and sends a login request using the
"HTTP.Request’ method. If the response indicates a successful login with an HTTP
status code of 200, it saves the username and password in "SharedPreferencccces’ and
starts the "MenuActivity” to display the dashboard. If the login fails, it shows a toast

message with the error.
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btn_register.setOnClickListener( -OnClickListener() {

EditText et_username;
EditText et_password;
Button btn_login;

Button btn_register;

loginBase.userCode = String.valueOf (et username.getText()
(Bundlcy=avedinstances tate il loginBase.loginPwd = String.valueOf (et_password.getText()

super.onCreate(savedInstanceState);

setContentView(R.layout.activity login);

HttpRESpDI’ISE{LDg]‘.HBBSE} response = Ht‘tp.REqUESt(

o 1 Y I
et_username = findviewById(R.id.et_username); (f espDnse.CDde.equals( ).: L
et_password = findviewById(R.id.et_password);

startActivity( (LoginActivity.this

{

Toast.makeText(LoginActivity.this, response.Msg, Toas)

btn_login = findViewById(R.id.btn login);
btn_register = findviewById(R.id.btn_register);

= getSharedPreferences( .
}

et_password.setText("");
setOnClicklListener( .OnClickListener() {

(view v) {
= Q05
loginBase.userCode = String.valueOf(et username.getText());

loginBase.loginPwd = String.valueCf(et_password.getText());

Figure 5.12: Login Function Code Snippet (Source: Author)

5.3.2. Report a Disaster Event Function

To report a disaster event, the mobile application user must first click on the map to pin
the location, and then fill out the report form. Figure 5.13 illustrates how to handle map
clicks in the application, allowing user to click on the map to place a marker. When a user
clicks, the application updates the displayed latitude and longitude based on the click
position and manages any potential errors that may arise during the process. The
method "‘onMapClick™ is invoked when the user clicks on the map, with the "LatLng point’

parameter representing the geographical coordinates of the clicked location.

(R.mipmap.

Figure 5.13: Pin Location Code Snippet (Source: Author)
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Figure 5.14 shows how the application handles user input for reporting an event,
including validation, submission, and feedback to the user. When the button is clicked, it
triggers a series of validation checks and actions related to reporting a disaster event.
First, it checks if the date and time are valid; if so, the process continues. Then it checks
if any of the required fields are invalid using the “isStringValid()" method. If any are invalid,
a toast message will pop up. If all validations pass, an "Eventinfo™ object is created and

a request is made to a server to submit the event data.

Figure 5.14: Report Disaster Code Snippet (Source: Author)

5.3.3. View Disaster Events Function

To view disaster events, mobile application users need to click on the "CURRENT
EVENTS' button on the dashboard. This action opens the events list screen, which
displays all current events along with disaster information. Figure 5.15 illustrates a list of
event data displayed using a ‘ListView' and use a custom adapter, "MyAdapter’, to

populate the "ListView™ with event information fetched from the web server.
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Type:High

Time:2023-09-18 22:54:00
Location:Queen St

Description:The flooding began after
hours of heavy rain, overwhelming the
drainage system, and quickly spread
to nearby streets and homes.

Type:Moderate

Time:2024-06-24 20:44:00
Location:121 Great North Rd
Description:The fire started in the
kitchen due to a cooking accident and
quickly spread to other parts of the
house.

Figure 5.15: View Disaster Events (Source: Author)

5.3.4. Danger Zone Visualisation Function

When mobile application users view disaster incident information, if they also want to
check the danger zone, they can click on a specific event. The system will then open and
display a visualization map of the danger zone, with the affected area surrounded by a
circle to indicate the extent of the disaster. The pin markers on the map represent the
user's current location. As shown in Figure 5.16, the code snippet illustrates the
‘loadData()’ method, which is responsible for loading event data from the backend,

interpreting the response, and visualizing the each event’s on a Baidu Map.

The "loadData()" method retrieves relevant disaster information and parses the JSON
response to extract key details, such as event coordinates and the radius that defines
the danger zone. This radius value corresponds to the “occurrence scope’ shown in
Figure 5.15, line 106, which determines the size of the circle representing the affected
area. The circle visually represents the geographical areas associated with each event,
it helps users can quickly assess the severity of the disaster and the extent of the danger
zone. So that users will make informed decisions about their safety based on the size of

the circle and the proximity to their current location.
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Figure 5.16: Danger zone Visualisation Function(Source: Author)

The rational for selecting Baidu Maps needed to explain. Initially, Google Maps was
intended to display the affected disaster areas. However, during development, it was
realized that the test device (a Redmi Phone) did not support Google Maps, making it
impossible to display the disaster zones as originally planned. After careful consideration,
the researcher decided to use Baidu Maps instead. The main focus of this study is to
assess whether users can view the disaster zones through the application and
understand the scope of the affected areas, thereby helping them in responding more
effectively to disasters. The critical aspect here is not the choice between Google Maps

or Baidu Maps, but how well users can access and interpret the disaster information.

Moreover, economic factors influenced this decision. Since Baidu Maps is the default
mapping service on the test device, integrating it became a more cost-effective and
practical solution. The objective of the study is to facilitate users' ability to retrieve
disaster area information, rather than to depend on a specific mapping service. Therefore,

the choice of map provider does not significantly affect the primary research goal.
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In future developments, integrating multiple map services, such as Google Maps, Baidu
Maps, or other local providers, would be a logical progression to ensure broader

compatibility and flexibility across various devices.

5.3.5. View New Zealand Civil Defence News Function

To view New Zealand Civil Defence news, the user simply clicks the "NEWS" button on
the dashboard. The system then seamlessly embeds the civil defence website directly
within the application, making it easy for users to access the news without needing to
open an external browser. This integration enhances the user experiences by keeping
the entire process within the application, making it more convenient and efficient for
users to stay informed and up to date on important news. As shown in Figure 5.17, the
New Zealand Civil Defence news page is displayed within the "WebView" component

embedded in the application, using the "wv.loaderUrl()" method to load the webpage into

the "WebView'.

National Emergency
Management Agency

B Te Rakau Whakamarumary

No declared emergencies
Sunday 19 May - 505 pm

Home > Resources > News and Events > News >

News

Find emergency management news
and events in Aotearoa New Zealand

181 results

Figure 5.17: View New Zealand Civil Defence News (Source: Author)

5.3.6. Verify Event Function

After users report a disaster incident, the admin will verify it through the web server.

There are two verification statuses: 'Pending’, which is the default status assigned to

64



any submitted event from the application, and “Verified °, which is assigned once the
admin has reviewed and confirmed the incident. Figure 5.18 illustrates that the
“handleStatus’ method manages the status change of an event. It prompts the admin for
confirmation before making any changes. If ‘row.status’ is "2’, it is set to "Verified',

otherwise, it is set to "Pending’.

er phone Event Location Verify status Action . .
let text = row.statu 2" 3 ed" : "Pending”
& View Hazard Areas ®Vie i is.$modal.confir g ure to m "' + text
121 GreatN... Pending ‘:) Verified — - row.id, st - row.status

& View Hazard Areas View [ Edit
f1Delele this.get
}).catch{func
row.status = m

Great North Rd | Pending (:) Verified

@ View Hazard Areas

Queen St Pending Verified

—

il Delete

Figure 5.18: Verify Disaster Event (Source: Author)

5.3.7. Send Event Notification Function

o = aum

20:51 Mon, 24 Jun ®

Z= SPARK-. > $ Bluetooth >

DEAPP - now W

-
Fire

Waitdkere

Silent notifications x
B system Ul - Transferring Files via USB v
f5) system Ul - Charging Complete - 4h ~
&3 system UI - USB Debugging enabled + 5h ~

Figure 5.19: Send Event Notification (Source: Author)
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After the admin verifies the disaster event, it is immediately published to the application,
accompanied by a notification sent to the user’s mobile application. Figure 5.19 is
designed to provide real-time disaster notifications to users by regularly checking for new
events and sending notifications when they occur. It integrates user preferences and
notifications into the application. When users receive a notification, it will display on the

lock screen, allowing them to open and view it.

5.4. Prototype Testing

Although each function has been compiled and tested during the development process,
it is important to conduct final testing before handing the mobile prototype over to
participants for evaluation. The testing methods used included unit testing with Selenium
IDE to verify the disaster event function and black box testing to evaluate the mobile
application’s overall functionality. For example, the black box testing involved reporting
a disaster event by pinning a mock event location, entering the occurrence date and time,
submitting the mock event, and reviewing the events from the web server. Figure 5.20
illustrates the use of Selenium IDE to test the event verification function. All designed
functions have been successfully tested. The next step is to invite participants to conduct

the evaluation.
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EE Selenium IDE - DSM

Project: DSM*

Tests + >z > &

hitp:iflocalhost:3000
Command

' VerifyEvent”
1 v open

v set window size

v click
4 v mouse over

Command
Target
Value
Description

Log Reference

Running "VerifyEvent'
1. open on /index OK

. sefWindowSize on 1286x917 OK

2

3

4. mouseQver on css=a > .is-active OK

5 find css=.el-switch__core:nth-child(3)... OK
6

. click on css=.el-button-—-smallnth-child(2) > span OK

“VerifyEvent’ completed successfully

Target

findex.

1286x917
css=divnth-child(3) = a = .su
bmenu-titie-noDropdown = s
pan

css=a > is-active

. Trying to find css=div:nth-child(3) = a = .submenu-titie-noDropdown = span... OK

Value

20:56:40

20:56:40
20:56:41
20:56:41

Figure 5.20: Selenium IDE — Event Verification Testing (Source: Author)

5.5. Chapter Summary

This chapter outlines the implementation process of the prototype interface. It also

discusses the selection of appropriate front-end and back-end languages, along with

other programming techniques. Additionally, the chapter showcases the technical

development of the prototype through coding examples and screenshots.
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6. Evaluation

This chapter explains the evaluation process for the mobile application prototype,
following the chosen methodology. The evaluation accesses the artifact of design
science research and is based on a survey. It includes the design of questionnaire,

participants selection, the evaluation process and the results.

6.1. Questionnaire

According to Hajesmaeel-Gohari et al. (2022), questionnaires commonly evaluate user
satisfaction, usability, and acceptance of mobile applications. Wich and Kramer (2015)
also emphasised that the importance of evaluating usability in evaluation questionnaires

for mobile application.

In this research, it is considered crucial to quickly report disaster and emergency
incidents. Therefore, this evaluation not only evaluates the feasibility of the functionalities
but also assesses the ability to report incidents rapidly which is related to usability
evaluation. Based on this consideration, this questionnaire includes the following types

of questions:

o User satisfaction and experience: It evaluates usability.

o Features usage and Needs: It identifies any features or functionalities users
find particularly useful.

¢ Issues and suggestions: It gathers suggestions or feedback for
improvements.

e Future intentions and Recommendations: It determines if users want to use

this application in the future or recommend to friends or family.

The questionnaire contains 13 questions (See Appendix B), consisting of both qualitative
and quantitative items. To match functionality of the prototype and make it easier to
analyse the findings, the 13 questions are divided into 5 sections. The questions and

their rationale are discussed below:
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Section 1: Disaster Event Reporting Function Evaluation
There are two questions in this section:

Question 1. How easy was it to use disaster event reporting feature within the mobile

application?

This question evaluates the usability of the disaster event reporting feature. It provides
answers choice ranging from ‘extremely difficult’ to ‘extremely easy,’ that allows users to
express their experience with the feature. The goal is to assess whether the mobile
application is intuitive and user-friendly, ensuring that it meets user expectations for ease
of use. A positive response indicates that users find the application satisfying and efficient
in performing essential tasks like reporting disaster events, which is critical for the

application's overall success.

Question 2. How useful do you find the mobile application in engaging users to report

disaster events and danger zones?

This question aims to evaluate the application’s effectiveness in simplifying the process
of reporting disaster events. Ideally, users should interact less with manual typing and
more with selecting or clicking on provided fields. This approach allows users to quickly
report events by ensuring the necessary information is readily available and easy to input.

The question assesses whether the provided fields facilitate efficient reporting of events.
Section 2: Emergency Notifications Evaluation
There is one question in this section:

Question 3. Were you able to receive emergency notification through the application that

a disaster event has occurred? Please elaborate.

To receive timely notification is very important, this question is to check if the user is able

to receive emergency notification through the application.
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Section 3: Danger Zone Visualization Evaluation

To view the danger zone on mobile phone map is very important function in this

application, this section contains two questions:

Question 4. Were you able to easily identify the boundaries of the danger zone on the

map using this application?

This question is to assess the effectiveness of the application’s mapping feature in clearly
delineating the boundaries of danger zone. It evaluates whether users can easily
understand and visualize the extent of potential danger areas based on the application’s

map interface.

Question 5. How useful was the visual representation of the danger zone in helping you

understand the potential impact of the disaster?

This question seeks to evaluate the utility of visual representation of the danger zones
provided by the application. It is to determine if the visual presentation enhances user’
understanding of the geographical extent of the danger zone depicted on the map. It
focuses on the user’s personal experience with the application’s visual representation of

danger zone.
Section 4: Public Safety Impact Evaluation
There is one question in this section:

Question 6. Do you believe that having access to this type of application could help the

public_avoid entering dangerous areas during the disasters? Please provide your

comments.

This question is designed to gather user opinions on whether they think the application,
if widely accessible, could effectively contribute to public safety by preventing people
from entering hazardous areas during disasters. It focuses on whether the application

increases public safety awareness.
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Section 5: Overall Feedback

This section is designed to gather feedback from users about their overall satisfaction
and perception of the application’ performance and functionalities and suggestion for
future improvements. There are 7 questions in this section: question 7 and 8 is designed
to gather feedback on the current application, while question 9 to 13 focus on seeking

suggestions for future improvements.

Question 7: How satisfied are you with the overall performance of the application in

reporting disaster events, receiving _emergency notifications, and visualizing danger

zones?

This question is intended to assess the user's overall satisfaction with the application's
functionalities on the disaster events reporting, timely emergency notifications, and

effectively visualizing danger zones on the map.

Question 8: With regards to the application that you are evaluating, do you believe that

(Select all that apply):

1 The application effectively provides real-time emergency natifications.

1 The application delivers accurate and up-to-date information about danger zones.

1 1find the maps and danger zone visualization features user-friendly.

[ The application offers valuable guidance for responding to emergencies or
navigating danger zones.

[ It effectively notifies about nearby emergency services or resources.

O The application's speed and responsiveness meet my expectations.

1 The application provides detailed information on potential dangers in specific
areas.

[ Additional Comments (if your thoughts are not listed

above):
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This question enables users to provide detailed feedback on specific aspects of the
application's performance and functions. Users could select multiple options if they

believe that accurately reflect the application's strengths and areas after evaluation.

Question 9: If you have used any mobile applications designed for emergency notification

and danger zone visualization in the past, please share your thoughts on your experience

with those applications and compare them to the one you are currently evaluating.

This is open-ended question designed to determine if users have previous experience
with similar applications. There are two main purposes to design this question: firstly, to
identify if such mobile applications have been used in the public which we were not know
to the researcher during the research stage, secondly, to identify features that could

potentially be used for future improvements.

Question 10: If you were to use a mobile application to receive alerts about disaster

danger zones, what features would you find most valuable?

1 Real-time danger zone mapping.

0 Two-way communication to report incidents.
"1 Navigation and routing to safe areas.

71 Ability to share alerts with others.

[1 Notification with sound and visual cues.

[1 Other (please specify):

In addition to visualizing danger zones during a disaster, which other features are
considered most important. This question aims to find out the specific features that user
prioritizes for a mobile application focused on alerting about disaster danger zones. This

will help prioritize development efforts according to the user expectations and needs.

Question 11: What types of information are most important for you to receive in an alert

about a disaster danger zone?

[1 Evacuation instructions.
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[0 Emergency contact information.

[0 Estimated time of arrival for the danger zone.
"1 Description of the disaster event.

[0 Location and proximity of the danger zone.

[1 Other (Please specify).

This question seeks to understand the types of information users consider essential
when receiving alerts about disaster danger zones. By providing options such as
evacuation instructions, emergency contact information, and specifics about the disaster
event, it helps customize the content and format of alerts to better meet user needs
during critical situations, Additionally, this is information could be also beneficial for

authoritative groups, such as New Zealand Civil Defence.

Question 12: Based on vyour experience with the current application, what specific

improvements or changes do you think would enhance its disaster event reporting

functionality?

This question is an open-ended question that encourages users to provide practical
feedback on how to improve the application's disaster event reporting capabilities. It
allows users to suggest any specific enhancements or changes they believe it would

make the reporting process more effective, efficient, or user-friendly.

Question 13: What additional features or functions, beyond those in the current

application, would you like to see implemented to make it more effective for disaster

reporting and visualization?

This is final question that asks users to suggest any new features or functionalities they
feel are missing in the current application but would enhance its effectiveness in disaster
reporting and visualization in future. It helps uncover innovative ideas and user
expectations for future development, guiding the application's evolution to better support

users during crisis situations.
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6.2. Participants Selection

Disasters can happen anytime, anywhere, and anyone may face them. Therefore, this
evaluation targets the general public, inviting people who can use a smartphone and is
familiar with mobile application to participate. Recruitment began with advertising on a
church noticeboard, chosen for its membership representing various ethnic backgrounds,
genders, and age groups, making it representative of the general public. Interested
individuals expressed their interest by sending an email to the researcher, who then sent

them a consent form, Candidates willing to participate signed the consent form.

Fifteen participants were randomly selected to evaluate the mobile application prototype
in this research. All documents used in the evaluation including the questionnaire,
advertisement information, consent form, and information sheets have been approved
by Auckland University of Technology Ethics Committee (AUTEC), under approval

number 24/128.

6.3. Evaluation Process

The evaluation required participants to use the application to simulate a mock disaster
event and a sever was the set up to verify the event and publish it. The devices were

used in the evaluation are as follows:

Specification Mobile Phone Server
Band and Model OPPO A94 5G (Model: CPH2211) DELL Laptop Vostro 3420
Purpose to use Evaluation of the application Verification and pLékg\llsigeng event to mobile
Operating System ColorOS 13.0, Android 130S Window 11 Pro
Processor Dimensity 800U Octa-core 12" Gen Intel® Core (TM i7-1255U 1.70GHz
Random Access Memory
(RAM) 8 GB 16 GB
Network Wireless fidelity (WIFI) WIFI

Table 6.1: Required Evaluation Devices
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The evaluation process follows the framework shown in Figure 6.1, which consists of

four main stages. The actions for each stage of the evaluation are explained as follows:

Simulate a > Verify the > Publish the > View the event on
disaster event event on the event the application

Figure 6.1: Evaluation Workflow Framework

Stage 1: Simulate a disaster event

1. The researcher provides a smartphone to the participant, which the phone
has pre-installed with the mobile application prototype.

2. The participant opens the mobile application to simulate reporting a mock
disaster event. They follow the steps below:

a) Click on the application icon to open the application

b) Click on the "Event" icon.

¢) Pinthe location on the popup map, then click on the "confirm" button
to report the event.

d) Alternatively, the participant may input additional event details, such
as event name, occurrence date and time, event type, event
description, and reporter name, though this is optional.

3. The participant closes the mobile application and awaits the notification.
Stage 2: Verify the event on the sever
4. The researcher utilizes a laptop to open the web server application, verifying
the event, updating all details.
Stage 3: Publish the event
5. The researcher sends the event natification and publishes the event details
from the web server to the mobile application prototype.
Stage 4: View the event on the mobile application
6. The participant opens the phone to check if the event notification is displayed

on the notification panel.
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7. The participant accesses the mobile application to view the event details by
selecting the “Event lists” icon.

8. The participant clicks on the selected event to open and view the danger zone
visualization to verify its visibility.

9. The participant provides feedback on the given questionnaire.

10. The researcher awaits the participant to complete all the questions on the
questionnaire.

11. The researcher collects the completed questionnaire from the participant.

6.4. Evaluation results

Kaur et al. (2018) stated that the descriptive statistics method could be used to analyse
data that contain variables or measure the frequencies. Forman and Damschroder (2007)
pointed out that qualitative content analysis is used to analyse the contents of textual

data, it could categorize textual data in order to understand its content.

In this research, the data will be analysed using a mixed methods approach: descriptive
statistics and Qualitative content analysis. Descriptive statistics is used to calculate the
response frequencies, summarise the data and find out the patterns to explain the data.
Qualitative content analysis is used for open-ended questions, try to capture the content
and participants’ comments and get a deeper understanding of the data relationship and
meanings. This mixed methods approach will help to assess the effectiveness of the

mobile application.

Participants feedback in this evaluation are labelled as P1, P2, and so on, no personal
or sensitive details are disclosed. Evaluation results have been recorded in the tabular
format, with each table corresponding to a specific question. Below are the results table

for these 13 questions. All 15 participants provided answers to each question.

Question 1. How easy was it to use the disaster event reporting feature within the mobile

application?
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ANSWER CHOICES RESPONSES
Extremely Difficult 0
Difficult 0
Neutral 0
Easy 9
Extremely Easy 6

Table 6.2: Answers to Question 1

Question 2. How useful do you find the mobile application in engaging users to report

disaster events and danger zones?

ANSWER CHOICES RESPONSES
Not Effective 0
Slightly Effective
Moderately Effective
Effective
Very Effective

O Wlw|lo

Table 6.3: Answers to Question 2

Question 3. Were you able to receive emergency notification through the application that

a disaster event has occurred?

ANSWER CHOICES RESPONSES
Yes 15
No 0

Table 6.4: Answers to Question 3

Question 4. Were you able to easily identify the boundaries of the danger zone on the

map using the application?

ANSWER CHOICES RESPONSES
Yes 15
No 0
Other 0

Table 6.5: Answers to Question 4

7



Question 5. How useful was the visual representation of the danger zone in helping you

understand the potential impact of the disaster?

ANSWER CHOICES RESPONSES
Not useful 0
Slightly useful 0
Moderately useful 4
Very useful 5
Extremely useful 6

Table 6.6: Answers to Question 5

Question 6. Do you believe that having access to this type of application could help the

public avoid entering dangerous areas during the disasters? Please provide your

comments.
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Participants

Answers

P1

P2

P3
P4
P5
P6
P7
P8
P9

P10

P11

P12

P13

P14

P15

Yes, of course.

Yes, is very helpful. Publicity also very important the more people
use this app, the more effective to avoid unnecessary harm to the
public.

Yes, application is easy to use and understand.

Yes, it would be very helpful to common people as well.

Yes, the app would help people avoid those dangerous areas.
Very much so useful and informative real time alert system.

Yes

| guess it is very helpful, and helping to avoid any possible traffic.
Yes, absolutely

e Yes, there are a lot of disasters that keep happening and
having this app will surely help a lot of people.

¢ |t provides the information that's significant for the situation,
and it's very easy to use, so I'm positive that everyone can
use it.

| believe it is more effective than the current alert notification we
get from the civil defence.

Yes, | do

Yes, it will surely aware the people for the respective incident, but
if won't show the disaster, for example, there is a fire in some
area, but the person doesn't know where it is happening, he/she
can't be aware. So an image of this incident is a must.

Yes, if this type of app is being prioritized perfectly, it will help
prevent people entering zone and help people inside to evacuate.

With the area outline area, it would be easy and obvious to avoid.

Table 6.7: Answers to Question 6

Question 7. How satisfied are you with overall performance of the application in reporting

disaster events, receiving emergency notifications and visualizing danger zones?

ANSWER CHOICES RESPONSES
Very Dissatisfied 0
Dissatisfied 0
Neutral 1
Satisfied 5
Very Satisfied 9

Table 6.8: Answers to Question 7
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Question 8. With regards to the application that you are evaluating, do you believe that

(Select all that apply).

ANSWER CHOICES RESPONSES

The application effectively provides real-time emergency notifications. 15

The application delivers accurate and up-to-date information about

danger zones. 15
| find the maps and danger zone visualization features user-friendly. 13
The appliication o_ffer_s valuable guidance for responding to 11
emergencies or navigating danger zones.

It effectively notifies about nearby emergency services or resources. 12
The application's speed and responsiveness meet my expectations. 13
The application provides detailed information on potential dangers in 13

specific areas.

Additional Comments (if your thoughts are not listed above):

P2 - To avoid misuse on this app, the verified system needs to be very
accurate.

P4 - | can't wait for this application to be started.

P9 - Can | limit notification based on personalized areas of importance?

P15 - 4
e Danger zone circle can obstruct map info in large areas.

¢ Notification rely on phone data, which can be unreliable during
critical disasters. Can notifications consider SMS in critical
situation?

e People may panic in emergencies, so it's good that the Ul is fairly
simple and user friendly.

Table 6.9: Answers to Question 8
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Question 9. If you have used any mobile applications designed for emergency notification
and danger zone visualization in the past, please share your thoughts on your experience

with those applications and compare them to the one you are currently evaluating.

Participants Answers

P2 N/A

o N
P4 | have never used this type of application

o N
P6 No

R N
P8 No

I have not used any apps that is similar to this one, but I've received alerts
from the emergency team/sos before. It does show the emergency situation
but most of the times, it's not time sensitive and it does not provide detailed
information about the situation, so it is most likely overlooked.

P10

P12 No, | haven't
P14 No

Table 6.10: Answers to Question 9
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Question 10. If you were to use a mobile application to receive alerts about disaster

danger zone, what features would you find most valuable? (Select all that apply)

P15 - If help or emergency services are on the way.

ANSWER CHOICES RESPONSES
Real-time danger zone mapping. 14
Two-way communication to report incidents. 8
Navigation and routing to safe areas. 14
Ability to share alerts with others. 9
Notification with sound and visual cues. 12
Other (please specify): 1

Table 6.11: Answers to Question 10

Question 11. What types of information are most important for you to receive in an alert

about a disaster danger zone? (Select all that apply)

and police and other thing.
P15 - Tips on what to do to escape danger zone safely. What to do
in case of fire etc.

ANSWER CHOICES RESPONSES

Evacuation instructions. 14
Emergency contact information. 12
Estimated time of arrival for the danger zone. 12
Description of the disaster event. 11
Location and proximity of the danger zone. 14
Other (Please specify):

P13- visuals and helping tracker, like it shows how far the medics )

Table 6.12: Answers to Question 11
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Question 12.

Based on your experience with the current application, what specific

improvements or changes do you think would enhance its disaster event reporting

functionality?

Participants

Answers

P1
P2
P3
P4
P5
P6
P7
P8

P9

P10

P11
P12

P13

P14

P15

This application is most effectively used online access through internet
So faris a very good app, very useful in NZ

No issues so far

This is good

Ul elements on the event's could be more clear and easier to access.
No it's good

No

No

o Time >Include AM/PM. (It is difficult for kiwis, especially for elder
people to understand the 24 - hours format. For example 22:00 can be
confusing to determine whether it is nighttime or daytime).

e Danger zone indicator >lower opacity to view map details,

Should have different colors indicate level of criticalness (red for
critical, blue for low, etc.)

o Notification to phone only for areas, | specify needing to know about so
| don’t get flooded with notifications for disaster that do not affect us
(especially for low lower danger)

o Make it easier to tell that user needs to first select area on map, and
then swipe to make report.

Have a live view in maps would be a good improvement for the app, as
someone who's really bad at directions, seeing the specific location through
live view would be helpful

The danger zone radius should update automatically.
Update event (refresh the map)

It should show the evacuation process, firstly visual of the disaster, and the
helping tracker where the helpers are like ambulance and police and also
show of safer zone.

| think that there should be another way to input the area of disaster for
someone not used to using map.

For danger area circle make it transparent so the ahead details are still
clear.

The ability to put danger location by typing down address instead of only
physically pinning.

Table 6.13: Answers to Question 12
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Question 13. What additional features or functions, beyond those in the current

application, would you like to see implemented to make it more effective for disaster

reporting and visualization?

Participants

Answers

P1
P2

P3

P4
P5
P6
P7
P8

P9

P10

P11
P12

P13

P14
P15

N/A

At this point, | just want to use the app for a while, so | can give more clear
and accurate feedback on this application. But so far very satisfied with it.

It's a very interesting concepts with more usage, | am sure changes can be
made at different stages.

It should available to general public with mobile phone.

For users to be able to see past "danger events" of an area.
No it's very good

No

No

e Forced notification in critical events based on GPS location.

¢ Filter notification based on personal preferences (location, severity)

e Extra languages - perhaps consider dropdown selection for event
names to make translation easier

e Perhaps add audio events for blind people and drivers.

e First aid kit near me and hospitals near me

e For disaster, it's gonna be helpful if people can see where they can get
aid kits, especially during emergency situations. Cause even if the
ambulance comes, there can delays and attending to situation
immediately is the most idle things.

No
Notification sound more seriously.

e It should have a photo option, or video.

e |t should contain the number of people in the danger zone.

e It should have a default of incident popped up automatically (like
earthquake, fire etc)

| think that the details should be popped up after pining the map so user
can immediately type in the details.

Evacuation zones or safe area highlighted

Table 6.14: Answers to Question 13
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7. Evaluation Results Analysis

Based on the evaluation feedback, this section discusses the evaluation results, in order
to improve public disaster preparedness through an application that supports disaster
event awareness and danger zone visualisation. The feedback helps to demonstrate the
application prototype ‘s effectiveness and its important in disaster and emergency
reporting. It shows how well the app meets the needs of users and highlights its value in
improving public disaster preparedness by providing essential features and critical

information.

The discussion analyses the feedback provided by 15 participants to 13 questions,
categorizing it based on the mobile application functionalities and effectiveness.

Additionally, it includes a discussion on the strengths and weaknesses identified.

7.1. Disaster Event Reporting Function - Question 1, 2 and 12

Based on the feedback from 15 participants, it is evident that this application is user-
friendly for reporting disaster events. In response to Question 1, nine participants found
it is “easy” to use, while six participants found it “extremely easy”. Additionally, in
response to Question 2, nine participants found it is “very effective”, three founts it
“effective” for reporting the disaster events. and three participants found it “moderately

effective”.

In Question 12, the participant 5 mentioned that the Ul elements could be clearer, and
participant 9 suggested that the application should inform user to first pin the danger

zone location, and then swipe the menu bar on the right side of phone to report the event.

The current design of this application focuses more on implementation of functionalities,
rather than providing a user manual or instructions. To report an event, users must first
pin the location on the map. They can then enter any disaster information if the situation

permits or simply click the submit button. However, if the users are unaware of these
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steps, they may find it difficult for report incidents. Therefore, a future improvement could

include adding instructions within the application to clarify the reporting process.

Participant 9 from Question 12 also commented on the necessity to include AM/PM
format for reporting the time of disaster events. Currently, users can either select the
time using the provided clock on the application or manual enter it in 24-hour format.
Participant 12 mentioned that the 24-hour format might be challenging for Kiwis,
especially the elderly. Further investigation is needed to determine their familiarity with
AM/PM format. Therefore, a future improvement could involve adding an AM/PM format

option for time input.

7.2. Emergency Notification Function — Question 3, 8, 12 and 13

According to the feedback from Question 3 and Question 8, all participants received
timely emergency notifications on the mobile phone. Some useful suggestion provided

by participants include:

Currently, the natification sounds use the phone’s default notification sound, and the
application does not provide a strong alert audio. According to the results from Table
6.13, Participant 12 suggested that the notification sound should be more serious to

effectively alert users.

Based on the results from Table 6.9 and 6.13, Participant 9 suggested that the
notifications could be customizable based on user preferences or phone GPS location
and event severity. For example, Users in Auckland may not need natifications for
events in Christchurch, or they may not need to notifications for lower danger events.
Currently, users receive emergency notifications if they have installed the application

on their phone.

These two comments are very useful, that could guide future improvements.
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7.3. Danger Zone Visualization Function — Question 4, 5, 6, 10 and 12

The danger zone visualization function is fulfilled in this research. Based on the feedback
from Table 6.5, all participants found it easy to identify the boundaries of the danger zone
on the map within the application. From Table 6.6 six participants thought it is “extremely
useful”, five participants found it “very useful” while four participants found that it
“moderately useful” in helping users to understand the potential impact of the disaster.
Table 6. 7 results indicates that all participants believed that this application could help

the public avoid entering dangerous areas during disasters.

A suggestion from Participant 15 in Table 6.13 proposed making the danger zone area,
currently circled, more transparent to enhance visibility of area details. The current
design highlights the danger zone with a yellow fill background and blue outline. This
could be improved by adjusting the opacity to allow clearer viewing of details underneath

the colored circle.

7.4. Overall Satisfaction - Question 7, 8 and 9

As the application is designed to report disaster event, receive timely notifications, and
provide events details and visualization of danger zones, all 15 participants confirmed
that this application is effectively provide these functionalities. Nine participants were
very satisfied with this application, five participants expressed satisfaction, while one

participant was neutral.

It is important to note that according to the results form Table 6.10, none of 15
participants has used a similar mobile application before. This confirms the findings of
this research in literature review section that currently, there is no similar mobile

application available in the app stores. There is an urgent need to fill this gap.

Participant 10 compared this application with the NZ Civil Defence Emergency Alert
system which sends alert via SMS to all phones users. They commented that these alerts

do not provide detailed information about the situation, making them easily overlooked.
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7.5. Important Features - Question 10 and 11

Based on the feedback from Tables 6.11 and 6.12, such a mobile application should
include the main features that allow users to report disaster events, receive notification
alerts, and accessing incident details. Additionally, real-time danger zone mapping,
navigation, and routing to safe areas are crucial features that should also be included
into a mobile application designed to alert about danger zones as 14 participants

selected these features.

7.6. Suggestion and Improvements - Question 6, 8, 12 and 13

In the Table 6.9 results, Participant 2 suggested that this application should be more
accurate in verifying incidents. For example, if someone report a fake incident without

proper verification, it could cause significant issues.

According to the feedback from Table 6.8, 6.13 and 6.14, Participant 13 suggested that
the application should provide a live view with images and videos on the map allowing
users to monitor events in real time. Participant 10 and 13 also recommended that within
the danger zone area, the application could display the evacuation pross, including the
directions to emergency services such as ambulance and police, as well as nearby safe

Zone.

Participant 9 indicated that this application could benefit from additional languages

options or audio function for visually impaired users.

Participant 5 suggested that the application should include a feature to view past

dangerous events in a specific area.
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8. Improvements Based on User Feedback

After collecting feedback from participants, the research framework mentioned in
Chapter 3 is implemented which mean it might become necessary to loop back the
design, work on implementation and evaluation phases to refine application. This could
further change the application’s design. While all effort would be made to incorporate
those changes to enhance functionality, any further development is beyond the scope of
this research within limited time. However, one such feedback did result in an immediate

implementation, based on the user’s suggestion.

Currently, the disaster affected area is circled with a yellow background that is not
transparent. One participant provided feedback that the danger zone should have lower
opacity to make it easier to view the map underneath the affected area. Based on this
feedback, the researcher has made changes to the opacity value, making it more
transparent to allow visibility of what lies beneath the highlighted area. This enhancement
of transparency in the danger zone visuals improves readability. Figure 8.1 is a
comparison screenshot that indicates the state before and after the opacity adjustment,

clearly showing what is underneath.
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Figure 8.1: Comparison of Disaster-Affected Area Visibility Before and After Opacity Adjustment
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9. Discussion and Conclusion

This section discusses the benefits, implications, limitations of the research. This
identification will help the research to move in the right direction for application

improvement.

9.1. How Findings Answer the Research Question
As stated in Chapter 1, the research question addressed in this study is:

How to use mobile technology to enhance real-time disaster reporting, notification,

and danger zone visualization to support disaster preparedness?

The findings of this research indicate that the proposed mobile application prototype
could bring real benefit for the community and enhance the disaster preparedness by
unitizing its functionalities. In addition, this application could reduce the workload of the

111-call centre of New Zealand and improve the efficiency of reporting a disaster event.

People and communities equipped with such mobile applications would be better
prepared for disasters, thereby minimizing the damage caused by providing timely
information and resources. Utilizing the application could enhance community resilience

and strengthen their ability to withstand disasters effectively.

9.2. Limitations

Although, the 15 participants provided positive feedback that the application is very easy
to use and facilitates timely reporting and notifications of disasters and visualizing danger

zone. There are still some limitations that need to be addressed and improved:

e Providing clear instructions to guide users on how report disasters.
e Simplifying the input process, offering more options such as AM/PM time
formats. and pre-entering common disaster names for quicker and more

accurate reporting.
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9.3. Future work

Next step, this application should be evaluated by authorised group such as the New
Zealand Civil Defence, or the Polic department or hospital. It should also allow users to
check disaster events statistics based on various criteria, such as location or year. For
example, users could search for the frequency of disasters in a specific area or track the

number of disasters that occurred over the past decade.

In fact, this feature has already been created in the web server prototype, as shown in
Figure 9.1. The events statistics allow admin to search based on the year, area, and
severity level. The search results are displayed in two pie charts showing data by area
and severity level, and a line chart showing the number of disasters per year. From the
participants' feedback, it can be confirmed that this feature is very important. However,
since the current research is focused on how users can report disaster events and view
events details, including danger zone visualisation to enhance disaster preparedness,
this feature was not included in this version of the prototype. Therefore, in future work,
this feature can be expanded, allowing not only admin but also all mobile application

users to search for and view past disaster statistics.

Figure 9.1: Disaster Events Statistics (Source: Author)

The application is designed for Android OS, but it should also be developed for iOS users

who use iPhones or other supported operating systems. In the further development, it
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should consider various maps integrations, as mentioned in the implementation chapter,

not only using Baidu Maps, but also Google Maps, or other mapping services.

From this research, it is evident that there is a practical need for this mobile application
to be used in the community. It has good prospects. At the same time, there are some

areas that need improvement.

Currently, drones are widely used for various purpose. Common uses include delivery,
agriculture, search and rescue operations, military application and more. (Adnan &
Khamis, 2022; Cheng et al., 2024; Shah et al., 2024). With the advancement of drone
technology, they can also be utilized in this mobile application. For future research, it is
proposed to explore the use of drones to verify disaster events. Drones could facilitate
easier access to critical situations for verification purposes. Additionally, leveraging
wireless communication technology could enable live streaming capabilities during
verification processes. This chapter outlines Design Science Research (DSR)
methodology and explains the reasons why it was selected. It also provides an in-depth
explanation of DSR steps involved and followed throughout the research process,
emphasising how this approach has supported the development of mobile application
prototype that addresses the given situation in hand about disaster management

challenges.

9.4. Conclusion

Facing increasingly frequent disasters, there is currently no more practical and effective
method for the public to actively report disaster events or receive real-time disaster
information. This research, through a review of relevant literature and an investigation
into the use of existing disaster alert systems, combined with the widespread use of
smartphones, has developed a mobile application. Through the development of this
mobile application, the public has the opportunity to quickly report information in the
event of a disaster and stay informed about disaster information and affected areas in a

timely manner. This enables better disaster preparedness when disasters strike.
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This research follows the DSR methodology, which involves stages such as problem
identification, proposing solutions, development, and evaluation. The application
development utilizes the Spring Boot + Vue.js framework. Fifteen participants were
surveyed to evaluate the developed mobile application prototype. The evaluation
covered feasibility, usability, and performance aspects of the application, including

considerations for future enhancements.

According to the evaluation results, this mobile application helps the public report and
understand disaster information promptly and prepare better for disasters. Additional
features and suggestions can be further refined in future research to enhance the mobile

application. The thesis also included the improvement based on the survey feedback.
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Appendices

Appendix A — Ethical Approval Letter

o

1

@ ko

Auckland University of Technology Ethics Committee
(AUTEC)

20 May 2024

Krassie Petrova
Faculty of Design and Creative Technologies

Dear Krassie

Re Ethics Application: 24128 Enhancing Disaster Preparedness: Development of an Android Mobile Application

for Real-time Disaster Reporting, Notification, and Danger Zone Visualization.

Thank you for your responses to AUTEC's conditions.
Your ethics application has been approved for three years until 20 May 2027.

Standard Conditions of Approval

The research is to be undertaken in accordance with the Auckland University of Technology Code of Conduct
for Research and as approved by AUTEC.

All public facing documents must have the AUTEC approval number and be of a high standard of spelling and
grammar. Dates on the Information Sheet{s) and Consent Form(s) must be consistent.

Any amendments to the project must be approved by AUTEC prior to being implemented.

A progress report is due annually on the anniversary of the approval date.

Afinal report is due at the expiration of the approval period, or, upon completion of project.

Any serious or adverse events must be reported to AUTEC, this includes unforeseen issues that might affect
continued ethical acceptability of the project.

AUTEC grants ethical approval only. You are responsible for obtaining management permission for access from
any institution or organisation at which your research is being conducted and you need to meet all ethical,
legal, public health, and locality obligations or requirements for the jurisdictions in which the research is being
undertaken.

The application number and title need to be referenced on all correspondence related to this project.

All forms are available online hitp://www.aut.ac.nz/research/researchethics

For any enquiries, please contact ethics@aut.ac nz
[This is a computer-generated letter for which no signature is required)

The AUTEC Secretariat
Auckland University of Technology Ethics Committee

hanjunhj@hotmail.com
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Appendix B — Tools

a. Participant Information Sheet

AU

Participant Information Sheet

Date Information Sheet Produced:
20 May 2024
Project Title

Enhancing Disaster Preparedness: Development of an Android Mobile Application for Real-time Disaster Reporting,
Notification, and Danger Zone Visualization.

An Invitation

My name is Jun Han. | am a Master's student at the School of Engineering, Computer, and Mathematical Sciences
at AUT. | am currently working on my Master's Thesis. | would like to invite you to participate in my research
project.

The primary focus of my research is the development of a mobile application aimed at enhancing disaster
preparedness and response within our community. Your participation in this study would be greatly appreciated,
as your insights and feedback will play a crucial role in improving the functionality and usability of this application.

Participation in the research will involve evaluating the mobile application and providing feedback through a short
questionnaire. Your participation in this research is entirely veluntary, and you are free to withdraw at any time
before the completion of the data collection, without facing any adverse consequence.

‘What is the purpose of this research?

The purpose of this research is to explore how mobile technology can be leveraged to enhance real-time disaster
reperting, notification, and danger zone visualization, with the primary goal of improving disaster preparedness
among the public. The motivation behind the study is to rapidly share detailed information about disaster events
and danger zones with the public and emergency services, as this is crucial for minimizing the impact of disasters.
This helps the public avoid entering hazardous areas, while also fadlitating the quick dispatch of equipmeant and
emergency supplies by public emergency services to the affected areas.

Furthermore, the research seeks to identify key features essential for an effective emergency disaster reporting
system and identify the critical information that the public should be made aware of.

The findings of this research will be used for the discussion part of my thesis. | also intend to prepare and submit a
journal paper that will present the findings of my research to the academic community.

How was | identified and why am | being invited to participate in this research?

experience using mobile applications. Given that disasters can occur unexpectedly and affect anyone, your
perspective as a member of the general public is invaluable to my research.

How do | agree to participate in this research?

Even though we are in the same church, please know that joining this study is entirely your choice. Whether you
decide to take part or not, it wen't change your relationship with me or your position in the church. Your decision
is respected, and there won't be any conseguences for your connection with me or the church.

If you are interested in participating, please express your interest by sending an email to the address provided in
the advertisement. Alternatively, you can send your interest to hanjunhj@hotmail.com. Upon receiving your
expressicen of interest, | will send you a consent form to sign. Digital signatures are accepted. Once | receive the
signed consent form, | will contact you to confirm the wenue and date for evaluating the mobile application.

withdraw from the study, then you will be offered the choice between having any data that is identifiable as
belonging to you removed or allowing it to continue to be used. However, once the findings have been produced,
removal of your data may not be possible.
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‘What will happen in this research?

The evaluation process will take approximately 10 to 15 minutes to evaluate the mobile application prototype, and
ground 10 to 15 minutes to complete the guestionnaire.

Here’s how the evaluation and data gathering will proceed:
1. 1will provide you with a smart phone already installed with the mokbile application.

2. You will use the mobile application to simulate reporting @ mock disaster event. You will also need to check
if you can receive the event netification on the phone and view the event information including the danger
zone on the map, through the mobile application. | will assist you throughout this process (If assistance is
neaded).

3. After the evaluation, you will provide your feedback by completing a provided questionnaire. You will be
able to ask any questions you may have.

What are the discomforts and risks?

There are no expected discomforts and risks. Howewer, if you think a question sensitive and prefer not to answer,
you can choose not to.

How will these discomforts and risks be alleviated?
You have the option to decline to answer a guestion or to provide a brief answer without explaining your reasons.
What are the benefits?

The main benefit for the researcher is collecting high-guality data to successfully finish the project. Although you
may not directly benefit, your involvement will help the wider community prepare better for disasters and reduce
damage through the mobile application's timely information and resocurces. Additionally, this study will contribute
to the researcher's academic gualification.

How will my privacy be protected?

The consent form is provided to you to ensure your rights are protected. Your name and contact details on the
consent form will not be disclosed in the thesis or in any publication. Instead, your feedback on the questionnaire
will be anonymized and referenced using an assigned index identifier, such as Participant-1, Participant-2, etc. The
consent form and guestionnaire will be stored securely at AUT for six years. After six years, they will be destroyed.

What are the costs of participating in this research?

There are no financial costs associated with this research. However, it will require approximately 30 minutes of your
time.

What opportunity do | have to consider this invitation?

Your participation is completely voluntary. If you are unakble to make an immediate decision, you may still reach
out to me within one week of receiving the invitation.

Will I receive feedback on the results of this research?

The findings will initially be presented in the form of a thesis. If desired, you will receive an email containing the
thesis URL once it is accessible online.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project Supervisor,
Name: Krassie Petrova, Email: Krassie.pertrovo@aut.oc.nz, and work phone number: 08-921-9999, x 5045

Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC,
Ethics@gut.ac.nz , (+649) 921 9955 ext 6038,

Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consent Form for your future reference. You are also able to
contact the research team as follows:

Researcher Contact Details:
Mame: Jun Han | Email: hanjunhj@hotmail.com

Project Supervisor Contact Details:

Primary Superviser:  Krassie Petrova | Email: Krassie.petrova@aut.ac.nz
Secondary Supervisor: Sarita Pais Email: Sarita.pais@gmail.com

Approved by the Auckland University of Technology Ethics Committee on 20 Moy, AUTEC Reference number 24/128,

109



b. Consent Form

Consent Form

Project title:  Enhancing Disaster Preparedness: Development of an Android Mobile Application
for Real-time Disaster Reporting, Notification, and Danger Zone Visualization.

Project Supervisor: Krassie Petrova (Primary Supervisor), Sarita Pais (Secondary Supervisor)

Researcher: Jun Han

o} I have read and understood the information provided about this research project in the Information Sheet
dated 20 May 2024.

o} I have had an cpportunity to ask guestions and to have them answered.

o] | understand that my opinions, data and comments expressed by me may be used as 2 part of the thesis work

which is stated in the Information Sheet.

o} I understand that taking part in this study is voluntary (my cheice) and that | may withdraw from the study at
any time without being disadvantaged in any way.

o} I understand that if | withdraw from the study then | will be offered the choice between having any data that
is identifiable as belonging to me removed or allowing it to continue to be used. However, once the findings
have been produced, removal of my data may not be possible.

o] I agree to take part in this research.

o} | wish to receive a summary of the research findings {please tick one): YesO NoO

Participant's signature: ...

Participant's pgme:. ...

Participant’s Contact Details (if appropriate):

Date:
Approved by the Auckland University of Technology Ethics Committee on 20 May AUTEC Reference number 24/128
MNate: The Participant should retoin a copy of this form.
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c. Questionnaire

Mobile Application for Disaster Reporting and Danger Zone Visualization
User Feedback Questionnaire
Introduction:

Thank you for participating in my study. Your feedback is essential for evaluating the effectiveness of
our mobile application for disaster reporting and danger zone visualization. Please take a few
minutes to answer the following questions.

Disaster Event Reporting:

1. How easy was it to use the disaster event reporting feature within the mobile
application?
O Extremely difficult
O Difficult
O Neutral
O Easy
O Extremely easy

2. How useful do you find the mobile application in engaging users to report disaster
events and danger zones?
O Not effective
O slightly effective
O Moderately effective
O Effective
O Very effective

Emergency Notifications:

3. Were you able to receive emergency notification through the application that a
disaster event has occurred?
O Yes
O No

Danger Zone Visualization:

4. Were you able to easily identify the boundaries of the danger zone on the map using
the application.

O Yes
ONo
O Other

5. How useful was the visual representation of the danger zone in helping you
understand the potential impact of the disaster?
O Not useful
O Slightly useful
0O Moderately useful
O Very useful
0 Extremely useful

Public Safety Impact:

6. Do you believe that having access to this type of application could help the public
avoid entering dangerous areas during the disasters? Please provide your comments.

Overall Feedback:

7. How satisfied are you with overall performance of the application in reporting disaster
events, r iving er ificati and lizing danger zones?
O Very dissatisfied
O Dissatisfied
O Neutral
O satisfied
O Very Satisfied

8. ‘With regards to the application that you are evaluating, do you believe that (Select all
that apply)):

O The application effectively provides real-time emergency notifications.

O The application delivers accurate and up-to-date information about danger zones.

O1 find the maps and danger zone vi ization features friend|

O The application offers valuable guid: for ling to ies or
navigating danger zones.

O It effectively notifies about nearby services or

O The application's speed and i meet my

O The application provides detailed information on potential dangers in specific areas.

O Additional Comments (if your thoughts are not listed above):

°. If you have used any mobile applications designed for y notification and

danger zone visualization in the past, please share your thoughts on your experience
with those applications and compare them to the one you are currently evaluating.
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10. If you were to use a mobile application to receive alerts about disaster danger zone,
what features would you find most valuable? (Select all that apply)

[J Real-time danger zone mapping.

0 Two-way communication to report incidents.
[ Navigation and routing to safe areas.

[ Ability to share alerts with others.

[ Notification with sound and visual cues.

[ Other (please specify):

11, What types of information are most important for you to receive in an alert about a
disaster danger zone? (Select all that apply)

[ Evacuation instructions.

[0 Emergency contact information.

[ Estimated time of arrival for the danger zone.
[ Description of the disaster event.

[0 Location and proximity of the danger zone.

[J Other (Please specify).

12, Based on your experience with the current application, what specific improvements or
changes do you think would enhance its disaster event reporting functionality?

13, What additional features or functions, beyond those in the current application, would
you like to see implemented to make it more effective for disaster reporting and
visualization?

Conclusion:

Your responses are greatly appreciated and will help us enhance the mobile application's
effectiveness, user engagement, and ethical considerations.

Thank you for your valuable feedback!
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Appendix C — Source Code for Main Mobile Application Interface

Login Interface

version="1.8" encoding="utf-8"
xmlns:android="http://schemas.android.com/apk/
xmlns:app="http://schemas.android.com/apk/res-auto”
android:layout width="match_par
android:layout _height="match_parent
android:orientation="vertical™

android:layout width="match_parent
android:layout height="344dp"

android: layout_width="match_parent"
android: layout height="match_parent”
android: background="@drawable/bg"

android:layout width="match_parent"”
android:layout_height="wrap_content”
android:layout gravity="center_ wvertical”
android:orientation="vertical”

android:layout_width="wrap_content™
android:layout height="wrap_content”
android:layout_marginTop="268dp"
android:layout_gravity="center"”
android:text="Disaster Emergency Events
android: textColor="@color/black”
android:textSize="28dp
android:textStyle="bol

4"

android:layout_width="wrap_content™
android:layout_height="wrap_content"”
android:layout_gravity="center"
android:text="Application”
android:textColor="@gcolor/black"”
android:textSize="
android:textStyle="

android:layout width="match_parent"
android:layout height="wrap content”
android:orientation="vertical”
android:padding="24dp"

android: layout width="match_parent”




android:
android:

layout height="wrap content”
layout marginBottom="16dp"

android:id="@g+id/et_username”
android:layout width="match_ parent"”
android:

android: background="#8efff{ff"
android:hint="Username"”

android: inputType="textPersonlams"

android:
android:
android:

layout width="match parent"”
layout height="wrap content”
layout marginBottom="16dp"

android:id="@+id/et_password™”
android:layout width="match_ parent"”
android:

android: background="#8efff{ff"
android:hint="Password"
android: inputType="textPassword”

android:
android:
android:
:padding="24dp"

android

android:
android:
android:
android:
android:

android
android

android:

android:
android:
android:
android:

layout width="match parent"”
layout height="wrap content”
orientation="horizontal"

"y

id="@+id/btn_login”

layout width="match parent"”
layout height="wrap content™
layout marginRight="18dp"
layout weight="1"

:layout marginTop="24dp"
:padding="12dp"
android:

background="@color/indigo 588"

text="Login"

id="g+id/btn_register"
layout width="match parent"”
layout height="wrap content”
layout marginLeft="18dp"




android:layout weight="1"
android:layout marginTop="24dp
android: padding="12dp"

android : background="@gcolor/indigo_28@

android:text="Register

Dashboard Interface

version="1.8" encoding="utf-38"
xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:app="http://schemas.android.com/apk/res-auto”
android:layout width="match_par
android:layout height="match parent
android:orientation="vertical”

android:layout width="match parent”
android:layout_height="wrap_content"

android:layout width="match_parent"
android:layout height="match parent”
app:contentScrim=">?attr/colorPrimary
android:background="@gcolor/indigo_5e8"
app:layout scrollFlags="scroll|enterfAlways|enterAlwaysCollapsed”

android:layout width="match parent”
android:layout_height="?attr/actionBarsize"”

android:layout_width="wrap_content"
android:layout height="wrap content"
android:layout_marginLeft="24dp"
android:layout_gravity="left"
android: text="Menu"
android:textSize="18dp
android:textColor="@co

lor/white"

android:id="@g+id/btn_back"
android:layout width="36dp"
android:layout_height="36dp"
android:layout marginRight="2dp"
android:layout gravity="right"
android:padding="28dp"
android:background="@color/transparent"”
android:scaleType="fitXy"
app:srcCompat="@drawable/app_logout"




android:layout width="
android:layout height=
android:layout gravity
android:gravity="center”

android:layout_width="match_parent”
android: layout height="match_parent”

android:

android:
android:background
android:drawableTop=
android:

android:

android:i

android: layout wi
android:background
android:drawableTop=
android: text="Curr
android:textColor=

android:
android:layout_width=
android: background=
android:drawableTop=
android: text="News"
android:textColor=
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e Disaster Event Reporting Interface

version="1.8" encoding="

xmlns:android=
android: layout_width="
android: layout_height="w

android:
android:layvout_width
android:layout_height
andr

andr

andro

s t

:layout_width

:layout_heigh
android:paddin B
android:gravit
android:ellipsiz

android: L
android:layvout_width="
android:layvout_heigh
android:padding=
android:gravit

android: layout_width
android:layout_height=
android:padding=
android:gravit
android:ellips

android:id= t
android:layvout_width=
android:layvout_heigh
androld:pa

android:g

androld:

android: L
android:layvout_width="
android:layvout_heigh
android:

androld:

android:

android:id="@ t
android: layout_width
android:layvout_heigh
android:paddin
android:gravit
android:ellipsiz
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android:i

androdid:
android:

android:pa

android:
android:

android:
android:
android:
android:
android:
android:

gravity
ellipsi

id="@g+id/tv_fi

layvout_width=
lavout_height

android:i

android

android:
android:
android:
android:
android:
android:

android: 4
:layout_width=
android:
android:
android:
android:

android

android:
androdid:
android:

:1layout_width=
android:
android:
android:
android:

lavout_height
padding=" '
gravit

ellip

id="@g+id/tv_fie

layvout_width=
layvout_height=
padding=" "
gravit

id="@g+id/tv_fie

layvout_height
padding '
gravit
ellips

id="@+id/tv_fi

layout_width=

android:pa
android:g

androdid:

android: 1/t
:layout_width=
android:

android

android:
android:
android:

layout_height
padding=" '
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android:id=
android:layout_width=
android:layout_height
android: padding=
android:gravity
android:ellipsi

android:id= bv_
android: layout_width=
android: layout_height=
android: padding="1
android: gravity=
android:ellips

View Disaster Events

xmlns :android="
) .

android:layout_height=
android:orientati

wt_width=
wt_height

android:i
android:
android:

android:
android:
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¥mlns: app="
¥mlns:too
android: 1

tools:context=".L1

android:id="@g+id/1v
android: layout_width=
android:layout_height
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