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ABSTRACT

The advent of augmented reality (AR) technology has revolutionized the way
we navigate in the physical world. However, despite the increasing popularity of AR-
based navigation apps, there is still a lack of understanding of what features and
functionalities users prefer in such apps. Therefore, this research project aims to
develop a conceptual model for an interactive and compelling real-time AR-based

navigation experience for mobile platforms.

To achieve this, the study will employ a mixed-methods approach that involves
conducting a survey to collect data from the general public to better understand their
preferences and requirements. The collected responses will be analyzed and interpreted
to identify the key features that users prefer in real-time AR navigation apps.
Additionally, an analysis of existing literature and sentiment analysis and topic
modelling will be carried out on AR-based navigation apps to get an understanding of

the user's preferences and vital features that contribute to a great user experience.

Based on the results of the data analysis, a conceptual model for the AR-based
navigation app will be proposed. The proposed conceptual model will be based on the
analysis of user preferences and requirements, as well as the analysis of existing
literature and apps related to AR real-time navigation on mobile platforms. The model
will aim to address the identified gaps and meet the requirements of users by providing

an intuitive and interactive navigation experience using AR technology.

Overall, this research project aims to provide insights into the user's preferences
and requirements for AR-based navigation apps on mobile platforms and to propose a
conceptual model for the development of an interactive and compelling real-time AR-

based navigation experience.
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CHAPTER 1

CHAPTER 1

1.1 Introduction

Augmented reality (AR) is an interactive technology that blends computer-
generated content with real-world environments. According to [1], augmented reality
(AR) is a fast-developing field that merges the digital and physical worlds to enrich the
user experience by superimposing computer-generated material onto the actual world.
It allows users to experience digital content in a way that is immersive and seamless,
creating a sense of presence in a virtual space. AR technology has been rapidly
advancing in recent years and has found its way into various industries, including
instruction and learning, healthcare, entertainment, maintenance, and navigation, and
provide new ways to enhance human-computer communication, expand users'
awareness of their surroundings, and revolutionise long-established procedures. One of
the most promising applications of AR technology is in real-time navigation, which has
the potential to revolutionize the way people navigate and interact with their

surroundings.

AR in real-time navigation involves overlaying digital information onto the
physical world, allowing users to see a virtual representation of their surroundings.
Augmented reality (AR) in real-time navigation, making it simpler for user to find one's
way around new regions, find sites of interest, and gain access to location-based
information [2]. This can be achieved through the use of various sensors such as GPS,
accelerometers, and cameras. These systems employ the user's position, orientation,
and device sensors to overlay pertinent information on the user's field of vision in order
to provide a more natural and interesting navigation experience [3]. By using these
sensors, AR navigation apps can track the user's location and orientation, and provide
them with real-time information such as directions, points of interest, and other relevant
information. AR can also enhance the user's experience by providing interactive
elements such as gamification, social sharing, and personalization. User can interact
with the digital content by tapping on it or swiping it, and the app can provide additional
information, such as images or text, to help the user navigate. By providing a more
immersive, context-aware, and interactive experience, AR-based real-time navigation
systems can overcome the constraints of traditional navigation techniques like paper

maps, standalone GPS devices, and text-based directions [4].
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CHAPTER 1

The implementation of AR in real-time navigation can be done through various
methods, such as marker-based tracking, markerless tracking, and SLAM
(Simultaneous Localization And Mapping). Marker-based tracking involves the use of
predefined markers or images that trigger the overlay of digital content. Markerless
tracking uses computer vision algorithms to recognize and track the user's surroundings,
without the need for predefined markers. SLAM involves the use of algorithms that
allow the device to create a map of the physical environment and track the user's

position in real-time.

Integrating technologies such as global positioning system (GPS), computer
vision, and mobile computing is essential for implementing augmented reality in real-
time navigation, resulting in smooth and intuitive navigation experiences. Developers
can reduce cognitive load, improve situational awareness, and boost user satisfaction
by integrating augmented reality (AR) features into navigation systems, which align
with the user's view of the environment in real time. Since smartphones and other
mobile devices now have the sensors, processing capacity, and connection to enable

AR features [5], the creation and uptake of AR navigation apps have been facilitated.

Moreover, the need for AR in real-time navigation arises from the limitations
of traditional navigation methods such as maps, compasses, and GPS, which may not
provide enough contextual information, require users to shift their focus between the
environment and the navigation device, or result in ambiguous and confusing directions
[5]. These methods provide static information and do not take into account the user's
surroundings or changes in the environment. They also require the user to constantly
look at their device, which can be dangerous in certain situations such as driving or
walking in busy areas. By providing real-time information about the user's
surroundings, AR navigation apps can help users avoid traffic, construction, and other
obstacles that might slow them down. AR navigation, on the other hand, provides users
with dynamic and contextual information that is tailored to their surroundings, making
navigation more intuitive and natural. By integrating real-time, context-aware
assistance into the user's perspective of the environment, AR navigation systems may

be able to help people travel more effectively and with more assurance [2].
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CHAPTER 1

The application of augmented reality in real-time navigation can increase user
interest, boost navigation accuracy, and make streets safer for everyone. Augmented
reality (AR) navigation systems can help users save time and effort, decrease navigation
errors, and avoid accidents caused by distraction or disorientation [2], [3] by offering
more intuitive and immersive guidance. In addition, augmented reality navigation
systems may be modified to numerous circumstances and user groups, providing
specialised solutions for things like pedestrian navigation, automobile navigation,

indoor navigation, and accessibility for individuals with impairments [4].

Furthermore, the benefits of AR real-time navigation are numerous. Firstly, it
provides users with a more engaging and immersive navigation experience, making the
journey more enjoyable and memorable. The application of augmented reality in real-
time navigation can increase user interest, boost navigation accuracy, and make streets
safer for everyone. Secondly, augmented reality (AR) navigation systems can help users
save time and effort, decrease navigation errors, and avoid accidents caused by
distraction or disorientation [2], [3] by offering more intuitive and immersive guidance.
It enhances safety by reducing the need for users to constantly look at their device, and
by providing real-time information that is tailored to their surroundings. Thirdly, it
allows for greater personalization and customization, as users can choose the type of
information they want to see, and how it is displayed. Augmented reality navigation
apps may be modified to numerous circumstances and user groups, providing
specialised solutions for things like pedestrian navigation, automobile navigation,
indoor navigation, and accessibility for individuals with impairments [4]. Finally, it can
lead to greater efficiency and productivity, as users can navigate more quickly and

confidently, and can focus on their surroundings rather than their device.

Smartphones and tablets are already commonplace tools for navigation and
location-based services [5] making augmented reality real-time navigation especially
important on mobile platforms. AR real-time navigation is particularly relevant to
mobile platforms, as mobile devices are ubiquitous and have the necessary sensors and
capabilities to support AR technology. Mobile AR navigation apps can be easily

downloaded and used by anyone with a compatible device, making it accessible to a

3
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wide audience. Additionally, mobile devices are portable and can be used in various
situations such as walking, driving, or cycling, making AR navigation more versatile
than traditional navigation methods. Mobile devices have large screens and powerful
processors, which can be used to render high-quality digital content and provide a
smooth and responsive navigation experience. In order to meet the rising demand for
context-aware, individualised, and interactive navigation experiences, developers can
take advantage of the widespread availability of mobile devices and the rapid
development of augmented reality (AR) technologies to create cutting-edge AR

navigation applications.

In conclusion, AR real-time navigation on mobile platforms has the potential to
revolutionize the way people navigate and interact with their surroundings. The use of
AR technology can provide users with a more engaging, safe, and personalized
navigation experience, while also increasing efficiency and productivity. The
development of a conceptual model for AR real-time navigation can help guide the
design and development of future AR navigation apps, and can contribute to the

advancement of this promising technology.
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1.2 Problem Statement and Motivation

As mobile devices become more prevalent in our daily lives, navigating through
unfamiliar environments remains a persistent challenge for users. While traditional
navigation tools such as maps and GPS have been helpful, they often lack the context
and visual cues that can make navigation easier and more intuitive. Augmented Reality
(AR) technology provides an exciting opportunity to enhance real-time navigation
experiences by overlaying digital information onto the user's physical environment.
However, despite the potential benefits of AR for navigation, there remain several
challenges that must be addressed. In this project, we aim to develop a conceptual
model for real-time AR navigation on mobile platforms, with a focus on addressing
four key challenges: accuracy, usability, performance, and user satisfaction.

Lack of understanding of user preferences and requirements

The success of AR real-time navigation depends on the user's preferences and
requirements. Developing AR navigation systems that cater to a wide range of user
demands necessitates a thorough grasp of user preferences and requirements. Existing
literature emphasises the need for more study in this area, particularly in terms of
understanding user engagement patterns, cognitive load, and situational awareness [6],
[7]. However, there is a lack of empirical research on user preferences and requirements
for AR real-time navigation. Thus, we need to conduct a survey to collect data from the
general public to better understand the user's preferences and requirements for AR real-
time navigation. In addition, demographic aspects including age, gender, and cultural
background should be taken into account in the design and assessment of augmented

reality navigation systems [8].

Inadequate accuracy and reliability of AR systems

The accuracy and reliability of AR systems are crucial for providing an effective
and usable real-time navigation experience. However, current AR systems still face
challenges in accurately tracking the user's location and orientation, especially in indoor
environments. AR navigation systems rely on precise positioning, tracking, and
registration technologies to superimpose digital information onto the actual

environment, yet these systems often fall short in terms of accuracy and reliability.

5
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System performance can be negatively impacted by factors such as deteriorating GPS
signals, noisy sensors, and adverse weather [5], [9], making it difficult to achieve the
appropriate degree of accuracy and dependability. Furthermore, improving system
accuracy and dependability may need integrating numerous sensors including cameras,
inertial measurement units (IMUs), and depth sensors, which raises questions about
power consumption, device form factors, and cost [2]. Thus, we need to investigate the
limitations and challenges of current AR systems and propose solutions to enhance their

accuracy and reliability.

Limited availability of relevant data

AR real-time navigation relies on the availability of relevant data, such as
location-based information, points of interest, and 3D models of the environment. In
order for AR navigation systems to give contextually relevant information, they must
have access to a diverse set of data sources, such as maps, sites of interest, and real-
time traffic information. However, the availability and quality of such data vary across
different regions and environments. there are still gaps in both the quantity and quality
of this data, which makes it difficult to create robust augmented reality navigation
systems [2], [4]. Thus, we need to explore ways to improve the availability and quality
of relevant data for AR real-time navigation. There is also the necessity to deal with
data privacy and security concerns, which are exacerbated when working with user-

generated content and location-based services [3].

Lack of an effective conceptual model for AR real-time navigation
Despite the growing interest in AR real-time navigation, there is still a lack of
an effective conceptual model that can guide the development of interactive and
compelling AR real-time navigation experiences. By taking into account aspects
including public’s opinion, user needs, data sources, analysed and interpreted data, and
an effective conceptual model may guide the design and execution of augmented reality
navigation systems. However, existing models tend to be narrow in their application
and fail to address the specific features and difficulties of AR navigation [3], [8]To fill
this void and provide the groundwork for future advancements in AR real-time
navigation, it is necessary to construct a complete conceptual model that includes online
survey to get the public’s opinion, research on existing AR real-time navigation apps,
6
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perform data analysis including the sentiment analysis and topic modelling, and
perform interpretation of data to obtain the user’s preferences. Thus, we need to propose
a conceptual model that considers the user's preferences and requirements, the accuracy
and reliability of the AR system, and the availability of relevant data.
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1.3 Motivation

The motivation for this research project is to address the increasing demand for
mobile navigation applications that provide an interactive and engaging augmented
reality experience. Traditional navigation apps provide users with basic instructions on
how to reach their destination but lack interactivity and personalization. In contrast,
AR-based navigation apps offer an innovative approach that can enhance the user

experience by providing real-time information and a more immersive experience.

Moreover, the advancements in AR technology and mobile devices have made
it possible to integrate AR-based navigation features into mobile apps. However, there
is a lack of research on the development of a comprehensive and interactive AR-based
navigation system for mobile platforms. This research aims to fill this gap by proposing
a conceptual model for developing an AR-based navigation system that is interactive,
engaging, and personalized for users. The research will help to identify the preferences
and requirements of users in navigation applications and propose a conceptual model
that satisfies their needs. This research is significant because it will help to enhance the
user's experience in navigation applications and increase the use of augmented reality

in mobile navigation applications.

In summary, the motivation for this research project is to provide a solution to
the limitations of traditional navigation apps and to enhance the user experience by

offering an innovative AR-based navigation system on mobile platforms.
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1.4 Research Objectives

The primary goal of this research project is to propose a conceptual model for
developing an interactive and compelling real-time augmented reality navigation
experience for mobile platforms. To achieve this goal, the research project involves
collecting primary data through a survey to gain insights into user preferences and
requirements when it comes to AR real-time navigation on mobile platforms. The
survey can be designed to capture data on factors such as the most and least important
features, concerns on the AR real-time navigation apps, the most significant hurdle to
VR and AR technologies, and other factors that impact the user experience. The survey
data can be analyzed to identify trends and patterns in user preferences and
requirements. The next objective involves analyzing the data collected from the survey,
along with conducting analysis on existing literature and sentiment analysis and topic
modelling on apps related to AR real-time navigation on mobile platforms. This
analysis can provide a more in-depth understanding of user preferences and vital
features required in a conceptual model for AR real-time navigation. The third objective
involves using the insights gained from the survey data and analysis to propose a
conceptual model for developing an interactive and compelling real-time augmented
reality navigation experience for mobile platforms. The conceptual model can be
designed to incorporate the vital features and user requirements identified in the survey

and analysis, with a focus on providing an engaging and intuitive user experience.

The objectives of the project are:

1. Conduct a survey to collect data from the general public to better understand
the user's preferences and their requirements.

2. Carry out an analysis based on the collected responses from the public and
existing literature and the sentiment analysis and topic modelling on AR real-time
navigation apps in order to get an understanding of the user's preferences and vital
features.

3. To propose a conceptual model for developing an interactive and compelling

real-time augmented reality navigation experience for mobile platforms.
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1.5 Project Scope and Direction

The project scope of the research project includes conducting a survey to collect
data from the general public to better understand their preferences and requirements
regarding AR real-time navigation apps. The survey will provide insights into the user's
preferences, such as their preferred features, user interface, and customization options,
which will help in developing an interactive and compelling AR real-time navigation
experience for mobile platforms.

In addition to the survey, the research will also involve analyzing the collected
responses from the public and existing literature, the sentiment analysis and topic
modeling on the existing AR real-time navigation apps to identify the key features and
factors that make an AR real-time navigation app successful. This analysis will help
identify the user's preferences and vital features, providing a comprehensive
understanding of the user's requirements. The proposed conceptual model will be based
on the insights gained from the survey and the analysis of the collected data. It will take
into account the preferences and requirements of the users, as well as the latest trends
and advancements in AR technology. The conceptual model will provide a framework
for developing an interactive and compelling AR real-time navigation experience for
mobile platforms that meets the user's requirements and preferences.

The direction of the research project is to provide insights into the user's
preferences and requirements for AR real-time navigation apps, as well as develop a
conceptual model that will serve as a foundation for the development of AR real-time
navigation apps on mobile platforms. The model will focus on providing an immersive,
interactive, and personalized user experience, improving the user's navigation and

travel experience.
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1.6 Contributions

The proposed research project aims to develop a conceptual model for AR real-
time navigation on mobile platforms. The project will conduct a survey to collect data
from the general public and carry out an analysis based on the collected responses and
existing literature to understand user preferences and vital features. The findings will
be used to propose an interactive and compelling AR navigation experience for mobile

platforms.

The motivation for this project is to improve understanding of user preferences
and requirements through the survey and analysis of existing literature and apps, the
project will help to identify the key features and functionalities that users look for in
AR navigation apps. This understanding will help developers to create more user-

centric and effective apps.

Moreover, the project will propose a conceptual model for the development of
AR real-time navigation apps on mobile platforms. This model will be based on the
identified user preferences and requirements, as well as the latest technological
advancements in AR and mobile app development.

The project will also address the need for a better and more user-friendly AR
navigation experience. While there are many AR navigation apps available, there is still
a lack of a comprehensive conceptual model that can provide an optimal user
experience. By developing such a model, this research project will help improve the
usability and effectiveness of AR navigation apps, making them more user-friendly and

intuitive.

Furthermore, the contributions of this research project include the development
of a comprehensive conceptual model for AR real-time navigation on mobile platforms,
which can serve as a guide for future app development. This model will provide insights
into user preferences and essential features, improving the user experience of AR
navigation apps. Additionally, the findings from the survey and analysis can be used to

11
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inform the development of future AR apps in various fields, such as tourism, education,
and healthcare. Overall, this research project will contribute to the advancement of AR

technology and its application in various domains.

1.7 Report Organization

The research will begin with an introduction to the research project, providing
background information on the motivation for the study, the research objectives, and
the scope of the project. This section will also highlight the significance of the study

and the contributions it seeks to make to the field of AR real-time navigation apps.

The next section will focus on the literature review, which will provide an
overview of existing literature on AR real-time navigation apps, including their
features, design principles, and user preferences. This section will also highlight any

gaps in the literature that the study seeks to address.

The third section will describe the research methodology, including the survey
design, data collection procedures, and data analysis techniques. This section will also

discuss the ethical considerations of the study and the limitations of the research.

The fourth section will present the results of the study, including an analysis of
the survey data and the findings from the sentiment analysis and topic modeling. This
section will also present the conceptual model proposed by the study and highlight its
key features and design principles.

The fifth section will discuss the implications of the study for the design and
development of AR real-time navigation apps on mobile platforms. This section will
also highlight any potential future research directions that could build on the findings
of the study.

Finally, the report will conclude with a summary of the main findings of the
study, the contributions it has made to the field, and the potential impact of the study
on the development of AR real-time navigation apps on mobile platforms. The report

12
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will also provide recommendations for practitioners and developers who seek to

implement the proposed conceptual model in their own projects.
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CHAPTER 2

Literature Reviews

2.1 Fundamentals of Augmented Reality (AR)

According to [1], augmented reality (AR) is a technology that blends the
physical and digital worlds through an interactive, real-time process that precisely
positions digital things in relation to their physical counterparts. This outline is still
useful today since it provides a framework for thinking about augmented reality. In
augmented reality (AR), the user's vision of the real environment is layered in real time
with digital information such as photos, text, and animations. Augmented reality (AR)
improves the user experience by fusing digital and physical elements. Based on the
existing research, both [6], [10] offer a historical view on augmented reality, tracing its
roots back to Ivan Sutherland's work and the creation of the first head-mounted display
in the 1960s. The advent of marker-based augmented reality in the 1990s and the
ubiquity of mobile augmented reality in the 2000s paved the way for the present era of
pervasive and context-aware augmented reality. Hence, it is proved that technology has
advanced significantly in recent years, opening up new avenues of exploration and use

in sectors as diverse as media, education, retail, healthcare, and navigation.

2.1.1 Mixed Reality, Augmented Reality, and Virtual Reality

XR

Mixed Reality (MR)

Digital interacts with Digital environments

the real world that shut out the
real world

Figure 1: Differences of MR, AR and VR [11].
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Technologies such as augmented reality (AR), virtual reality (VR), and mixed
reality (MR) have all seen significant growth in the recent decade. It is important to
differentiate augmented reality (AR) from other immersive technologies like virtual
reality (VR) and mixed reality (MR) in order to have a full grasp of AR. When using
virtual reality (VR), one is immersed in a computer-generated simulation of the actual
world. Users often interact with the virtual world using a head-mounted display (HMD)
and handheld controllers. Virtual reality (VR) completely submerges the user, in
contrast to augmented reality.

By superimposing digital material onto physical space and allowing for user
interaction, mixed reality (MR) combines the best features of augmented and virtual
realities. When combined with AR, MR's ability to let users interact with both real and
virtual items in the same place makes for a richer, more engaging experience.

Hardware for Augmented Reality.

2.1.2 The Hardware and Software

There are four sources cover the fundamentals of augmented reality systems'
hardware and software. Among these are software frameworks like ARToolKit,
Vuforia, and ARCore, as well as hardware components like screens (head-mounted,
portable, and projective). Billinghurst et al. (2015) and Carmigniani and Furht (2011)
give further insight on the development and present state of these technologies, while
Van Krevelen and Poelman (2010) provide a comprehensive review to these

technologies.

2.1.2.1 The AR Hardware Pieces

Hardware requirements for augmented reality applications are context and feature

specific. The following are examples of typical hardware:

Digital content cannot be shown to the user without a display. AR displays can
come in the form of head-mounted displays (HMDs), portable devices, or projection-
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based systems. The usefulness, mobility, and range of vision of various displays vary
widely [1], [6], [10], [12]. HMDs, like the Microsoft HoloLens and the Magic Leap
One, are wearable devices that provide a more comprehensive augmented reality
experience. These can be worn on the head (like the HoloLens or Oculus) or carried in
the hand (like smartphones or tablets) or projected onto a surface (like spatial
augmented reality) [1], [6], [10], [12]. Handheld devices such as smartphones and
tablets have paved the way as the go-to gadgets for augmented reality use. Projection-
based systems enable users to participate in an augmented reality (AR) experience
without the need to wear or handle a device by superimposing digital material onto real-

world surfaces.

Sensors are necessary for the AR system to precisely overlay digital material on
the actual environment by measuring the user's location, orientation, and motions.
Accelerometers, gyroscopes, magnetometers, and global positioning systems (GPS) are
typical sensors found in augmented reality devices. Sensors like global positioning
systems (GPS), cameras, and depth sensors allow for interaction with the environment
and offer contextual information [6], [12]. More complex systems may make use of
light detection and ranging (LIiDAR) and mapping (SLAM) technologies to more
accurately map their surroundings and position digital information.

Cameras play a crucial part in augmented reality systems as they record the
user's view of the world, allowing markers or things in the environment to be detected
and followed [1]. Capturing the user's perspective of the actual world and feeding that
information into the augmented reality system's identification and tracking of markers
or elements in the environment is impossible without cameras. To further enhance the
augmented reality experience, cameras enable markerless tracking and computer vision
methods like object detection, made possible by depth-sensing cameras like the
Microsoft Kinect[13].

Tracking technologies are crucial for keeping physical and digital items in sync.
They can be magnetic (e.g., accelerometers and gyroscopes), inertial (e.g., cameras), or
optical. Technologies including marker-based tracking, markerless tracking, and
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sensor-based tracking have all found use in augmented reality systems. To place digital
material over physical environments, marker-based tracking makes use of fiducial
markers like QR codes or ARToolKit markers[14]. There are also several hybrid
tracking solutions available, which employ a combination of tracking technologies to
achieve optimal efficiency [1], [6], [10], [12].

Due to the intensive nature of augmented reality applications, such as displaying
digital material, tracking user movement, and analysing sensor data, high-powered
computing hardware is essential. More powerful and specialised processors, such as
graphics processing unit (GPU) and artificial intelligence (Al) chips, are being created

to keep up with the growing needs of augmented reality (AR) applications.

2.1.2.2 The AR Software Parts

There are a number of different software components are essential for the development
of augmented reality apps and their ongoing maintenance:

AR Software Development Kits (SDKSs) equip programmers with the
frameworks and resources they need to build augmented reality programmes. Unity
MARS (Unity Technologies) and ARCore (Google), ARToolKit, ARKit (Apple), and
Vuforia (PTC) are also common augmented reality software development Kits [6], [10].
The development process is streamlined with the help of these SDKs, which include
tools like environment mapping, picture recognition, and marker tracking. These
resources make it easier to create augmented reality apps by offering libraries and
application programming interfaces (APIs) for tracking, rendering, and interaction [6],
[10].

To recognise objects, follow markers, and estimate the user's position and
orientation, the augmented reality system uses computer vision algorithms to analyse
photos or video feeds acquired by the device's camera. They allow the user's location

and orientation to be estimated, as well as the detection and tracking of objects and
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markers [15]. These algorithms are crucial for integrating digital data successfully into

the physical environment.

Rendering engines are in charge of presenting digital material in an augmented
reality setting. They control the visual aspects of digital things, such as their colour,
lighting, and shading [16]. Unity 3D and Unreal Engine are two of the most popular
rendering engines for augmented reality development since they are flexible, they
do support a wide range of augmented reality software development kits and allow for

the creation of aesthetically stunning augmented reality experiences.

Application Frameworks for developing and maintaining applications are
essential to the creation of any augmented reality app. Software development is
facilitated by these frameworks since they often come with pre-written code,
components, and libraries [17], [18]. Libraries and tools for user input, digital content
management, and application flow control are commonplace. Unity 3D and Unreal
Engine are two popular frameworks for augmented reality development since they fully
support augmented reality features and simplify the development process. The
advantages and disadvantages of employing application frameworks have been the
subject of extensive study [19], with researchers focusing on topics including enhanced
productivity, decreased development time, and the possibility of lock-in to certain

technology.

The digital material utilised in augmented reality apps must be managed and
kept up-to-date, and this is where content management systems (CMS) come in. Media
assets can be of any kind, from 3D models to photos to movies to animations. With a
content management system (CMS), developers can easily organise and update material

without touching the AR app's code.

The storing, processing, and exchange of data across devices in an augmented
reality application typically necessitates the use of networking and cloud services. To
facilitate the sharing of augmented reality experiences across different users and

devices, these services may involve server hosting, database administration, and real-
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time data synchronisation. Google Cloud, Amazon Web Services (AWS), and
Microsoft Azure are just a few of the most well-known cloud systems that cater to

augmented reality development.

To sum up, augmented reality (AR) is a developing field that merges digital and
physical worlds to improve the user experience. In terms of user immersion and
interaction, it is distinct from virtual reality (VR) and mixed reality (MR). Displays,
sensors, cameras, processing power, SDKs, computer vision algorithms, rendering
engines, application frameworks, content management systems, and cloud services

are the hardware and software components that make augmented reality possible.

2.1.3 Application of Augmented Reality

The reviewed literature provides several examples of AR's use in fields as
diverse as the arts, academia, medicine, the military, and industry. The earliest instances
of augmented reality applications may be found in [1], while the other three references
include examples from more recent years. A taxonomy of AR applications is provided

by [12], which is useful for comprehending the breadth and depth of the field.

Initial Occurrences
In [1], the authors detail the initial uses of augmented reality (AR) in the arts,
education, medicine, the military, and industry. These early applications paved the way

for the creation of increasingly complex and advanced augmented reality experiences.

Recent Developments
Recent AR applications are presented in [6] and [10], which demonstrate AR's
maturing capabilities and increasing breadth of use. Among these include navigation,

medical education, and training, as well as immersive learning environments.

Classification of Augmented Reality Uses
To further grasp the breadth and complexity of the area, [12] provides a detailed
taxonomy of AR applications. By providing a framework for classifying and analysing

19
Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 2

the many augmented reality applications, this taxonomy aids academics and developers

in seeing patterns, holes, and possibilities in the field.

2.1.4 Problems and Constraints

The reviewed literature highlights the many restrictions and difficulties AR
must overcome despite its great promise. Problems can arise from a number of different
directions, including technical ones (such as tracking and registration accuracy or
occlusion management) and social ones (such as privacy or user approval). Both [10]
and [6] examine these issues at length while stressing the need of continual research
and progress.

Technical Challenges

AR applications rely on complex computer algorithms, and the current
hardware and software limitations make it difficult for AR to deliver a smooth and
seamless user experience. In order for AR to reach its full potential, it needs solve a
number of technical problems, such as tracking and registration accuracy and occlusion
management [6], [10]. The user experience and the ability to seamlessly incorporate
digital material into the real world are both impacted by these problems.

Social Challenges

Limitations to AR's mainstream adoption may also be found in the social realm,
in the form of issues like privacy and user acceptability [6], [10]. This is due to AR
applications have access to a user's personal data, including location data, camera feed,
and other sensitive information. This raises privacy and security concerns, as AR
applications can be vulnerable to cyberattacks, data breaches, and other forms of
exploitation. AR applications can be perceived as intrusive or distracting, which can
lead to social resistance. In order to foster widespread use of this technology and

maintain the public's faith in it, these concerns must be resolved.
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2.1.5 Potential & Future Paths

Collectively, the above works indicate that AR has promising prospects for
expansion and widespread use. They highlight crucial research directions, such as
enhancing hardware and software components, overcoming restrictions, and
investigating uncharted uses. Both [6] and [10] stress the need for multidisciplinary

teams to work together to improve AR technology and increase its widespread use.

Strengthening Core Components

According to the available research, advancements in hardware and software
are crucial to AR's future development [6], [10]. Improved display systems, tracking
technologies, and advanced algorithms might all contribute to more natural AR

interactions.

Overcoming Obstacles

Addressing AR's technological and societal obstacles is critical for its
mainstream adoption [6], [10]. This may need thinking outside the box to solve issues
like privacy and user acceptability, in addition to creating innovative ways for tracking

and registration.

Discovering Potential Future Uses

The literature emphasises the need of exploring new AR applications [6], [10]
due to the technology's promising future in many fields. More study is needed to
discover and create novel use cases that might propel AR adoption and integration

across various domains of human activity.
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2.2 Existing AR Navigation Apps

By superimposing digital information, such directional arrows, sites of interest,
or street names, over the user's perspective of the actual environment, Augmented
Reality (AR) navigation applications provide a novel alternative to conventional
navigational techniques. As a result of the proliferation of smartphones and
development in augmented reality technology, these systems have become increasingly
popular in recent years. This section provides a summary of current augmented reality
navigation apps, highlighting their salient features and underlying technology. The
benefits and drawbacks of augmented reality navigation, especially on mobile

platforms, are also discussed.

2.2.1 PinnAR

= Ex

Tokyo Metropolitan...
2 Chome 21 Nishshiniuky, Shinjuxu Ciy, Tokye 1638007

’ Dista ‘Walk

AR Navigation
Figure 2 : Pinn AR [20]
Background

PinnAR is an augmented reality (AR) application that allows users to pin virtual
objects or notes onto real-world locations using their smartphone's camera and GPS
capabilities. The software bridges the gap between the digital and physical worlds by
letting users leave behind notes, reminders, and instructions that may be found by the

user or someone else upon their arrival at the specified place.
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Features

Points of Interest
The app presents POIs including restaurants, stores, monuments, and other
attractions, together with supplementary data like user ratings, review content, and

operational hours.

Save and name locations
Users may store several places with unique names in PinnAR, making it simple

to recall and find them again later.

AR-based navigation
The software employs augmented reality to show users where they have been

and how far they have travelled to their bookmarked destinations.

Real-time distance and directional information
Updates on the distance and direction to the stored destinations are provided in
real time by PinnAR, allowing users to keep track of their whereabouts while

navigating.

Social Sharing
Users can opt to share their pins with friends and family, facilitating location-

based task sharing and note-passing.

Easy Navigation

The app's user-friendly navigation features make it simple for users to reach
their saved places. This is especially useful for posting reminders or directions for
uncharted territory.

Customizable interface
Users may tailor their experience by choosing the categories of POIs they're
shown and the way in which that data is presented.
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Strengths

Enhanced User Experience
When compared to conventional map-based applications, PinnAR's augmented
reality navigation system offers a more natural and interesting means of getting about

and discovering new areas.

Personalized Recommendations
PinnAR provides customised suggestions based on user input and social media

activity, encouraging curiosity and expanding horizons.

Hands-Free Navigation
The app's augmented reality features save users from looking at their phones as
they walk or ride, making it a more practical and secure navigational tool for those who

prefer not to use their hands.

Weaknesses

Dependence on Internet Connectivity
PinnAR's reliance on an always-on internet connection for real-time navigation

and position data may be problematic in spots with spotty service.

Device Compatibility
The number of people who can use the app is bound by the fact that augmented
reality technology isn't supported by all handsets.

Privacy concerns
The acquisition of user data for personalised suggestions and social integration

may generate privacy worries for certain users.
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2.2.2 AR GPS Drive

Figure 3 : AR GPS Drive [21].

Background

AR GPS Drive is designed to provide you turn-by-turn directions while you
drive, all through the magic of augmented reality. This software was made for drivers
who wish to stay focused on the road while exploring new territory or receiving clearer,

more intuitive turn-by-turn guidance.

Features

Live camera feed
AR GPS Drive makes use of the mobile device's camera to project a live feed

of the road in front of the user.

Augmented reality overlays
Navigation information such as turn-by-turn directions, distance markers, and

lane advice are shown as augmented reality overlays on the real-time video feed.

Points of interest
The system emphasises places of interest, such as petrol stations, restaurants,

and tourism sites, that are in close proximity to the user.

Traffic information
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Real-time traffic data is incorporated so that users may identify other routes and

avoid jams.

Voice guidance
Provides audio instructions for a hands-free navigation experience.
Customizable user interface: The augmented reality interface's look and feel may be

modified to better suit individual needs.

Strengths

Enhanced visual guidance
AR GPS Drive provides enhanced visual advice by superimposing on-screen

navigational prompts onto the user's actual surroundings to facilitate comprehension.

Improved situational awareness
The live camera feed stream increases users' awareness of their surroundings,

making them safer in dangerous situations.

Intuitive user experience
The seamless integration of visual and auditory cues creates a natural and stress-

free navigational experience, allowing users to concentrate fully on the road ahead.

Adaptability
AR GPS Drive's flexibility makes it a useful navigational aid in a wide range of

circumstances and vehicles.

Weaknesses

Compatibility issues with gadgets
The technology requires high-quality cameras and strong CPUs, which not all
smartphones and GPS devices have.

Dependence on internet connection
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Availability of real-time traffic updates and the capacity to download map data

might necessitate a reliable internet connection for AR GPS Drive.

Potential distractions
Some drivers may become distracted by the visual overlays, which might

increase the likelihood of accidents.

Limited functionality in adverse weather conditions
Heavy rain, fog, or snow may hinder the camera's capacity to record clear
photos, lowering the usefulness of the AR overlays, therefore their use is limited in such

situations.
Battery consumption
Long-distance drivers may be concerned about the battery life of their devices

due to the increased use of camera, GPS, and augmented reality processing.

2.2.3 AR GPS Compass Map 3D

< 105m

Figure 4 : AR GPS Compass Map 3D [22].

Background
The AR GPS Compass Map 3D software combines augmented reality (AR)

compass, global positioning system (GPS), and three-dimensional (3D) map features
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for use in navigation. The app's goal is to aid its users in exploring new regions, whether
that's through hiking, trekking, or just plain old exploration, by giving an immersive

experience with augmented reality technology.

Features

AR-based compass
The software superimposes a compass over the camera stream to enable users

quickly and easily get their bearings.

GPS coordinates
Location may be pinpointed with the use of AR GPS Compass Map 3D's precise

GPS coordinates.

3D map visualization
The app's 3D map visualisation features improve the usability of both

navigation and exploration.

Location search

The software incorporates a location search feature, allowing users to look for

specific addresses or landmarks.

Strengths

Versatile navigation tool
The combination of AR compass, GPS, and 3D map features provides a

versatile navigation tool for various outdoor activities.

Intuitive interface
The app's Ul is designed with simplicity in mind, making it accessible to users
of varying technical proficiency.
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Engaging visualization
The 3D map visualisation provides an interesting and dynamic approach to

discover your immediate surroundings.

Weaknesses

Limited indoor functionality

The app's major focus on outside areas may reduce its use in enclosed spaces.

Battery consumption
The usage of GPS, a camera, and other sensors can drain your battery quickly,
much like it does in other augmented reality navigation applications like AR GPS

Compass Map 3D.

Device limitations

Incompatibilities with some smartphone models are possible, especially with
older smartphones that lack the requisite hardware or software to handle augmented
reality capabilities, meaning that not all users will be able to enjoy the app's full
potential.
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2.2.4 AR GPS Navigation 2021 GPS Map

Street View, W

Maps Navigation

Figure 5 : AR GPS Navigation 2021 GPS Map [23].

Background
AR GPS Navigation 2021 GPS Map is intended to aid travellers in navigating
unknown locations with the use of augmented reality turn-by-turn directions. The app's

primary goal is to provide a fun and simple interface for its users to explore.

Features

Augmented reality (AR) turn-by-turn navigation
The software superimposes arrows and distance information over the user's live

camera feed, making navigating clear and interesting.

Point of interest search
Users are able to do a search for specific sites of interest, including dining

establishments, retail establishments, and famous landmarks.

Traffic information
The AR GPS Navigation 2021 GPS Map includes real-time traffic data to assist
drivers avoid gridlocked regions and plan more efficient journeys.
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Adjustable preferences
Users may alter preferences for the app's interface, including the app's language,

measurement units, and map style.

Strengths

Engaging AR navigation
The app's usage of augmented reality makes navigating an exciting and

immersive experience.

User-friendly interface
With its straightforward design, the AR GPS Navigation 2021 GPS Map is used

by people of diverse degrees of technological proficiency.

Point of interest search
The app's point of interest search feature facilitates users' ability to learn about

their immediate environments and locate desired destinations with minimal effort.

Weaknesses

Battery consumption
Due to the heavy reliance on the GPS, camera, and other sensors, AR GPS
Navigation 2021 GPS Map has the same battery life concerns as other augmented

reality navigation applications.

Accuracy and reliability
The accuracy and dependability of the app may be impacted by variables such
as the quality of the GPS signal, the quality of the camera, or the availability of reliable

map data.

Device limitations
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Limitations on supported hardware and software for use with augmented reality

mean that the app may not work on all smartphones.

2.2.5 Comparison

Feature PinnAR AR GPS | AR GPS | AR GPS
Drive Compass Map | Navigation
3D 2021 GPS Map

Type Navigation & | Navigation Navigation & | Navigation &
Point of Interest | & Traffic Compass POI
(POI)

Focus Navigating Real-time Outdoor Turn-by-turn
back to saved | driving navigation AR navigation
locations directions using AR | for  exploring

using AR compass, GPS, | unfamiliar
and 3D maps areas

Primary Save and name | AR-based AR-based AR-based turn-

Features locations driving compass by-turn

directions navigation
AR-based GPS
navigation Traffic coordinates Point of interest

information search
Real-time 3D map
distance and | Speed limit | visualization Traffic
directional warnings information
information

Location search

Wide Customizable
Sharing saved | compatibility settings
locations with Android

devices

Accuracy High (within 5 | High (within | Moderate High (within 5
meters) 5 meters) (within 10 | meters)

meters)
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Image Supported Supported Supported Supported

Rotation (Dynamic) (Dynamic) (Dynamic) (Dynamic)

Real-time Yes Yes Yes Yes

Navigation

Limitations Limited indoor | Requires No altitude | Limited offline
navigation internet information maps

connection

Platform I0S & Android | iOS & | iI0S & Android | i0OS & Android

Comepatibility Android

Pricing Free with in-app | Free with in- | Free with in- | Free with in-
purchases app app purchases | app purchases

purchases

Mapping OpenStreetMap | Google OpenStreetMap | OpenStreetMap

Data Source | & Google Maps | Maps & Google Maps

3D Yes No Yes Yes

Landmarks

Voice-guided | Yes Yes No Yes

Navigation

Offline Limited No Limited Limited

Navigation

Traffic No Yes No No

Updates

AR Compass | Yes No Yes Yes

Rating (out of | 4.2 4.0 3.8 4.1

5 stars)
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Best  Suited | Users who want | Users  who | Users who | Users who want
For to  remember | want to | engage in|an  engaging
specific navigate outdoor and intuitive
locations and | unfamiliar activities like | navigation
navigate back to | areas or | hiking, experience
them easily follow trekking, or | while exploring
directions exploring new | new areas or
more areas searching  for
intuitively points of
while driving interest

Table 1 : Comparison of existing AR real-time navigation apps.

This table provides a comparison of the four AR navigation apps: PinnAR, AR
GPS Drive, AR GPS Compass Map 3D, and AR GPS Navigation 2021 GPS Map. The
table compares four AR navigation apps across various features and parameters to help
users choose the app that best fits their needs. All four apps offer high accuracy, image
rotation, and real-time navigation, with various limitations such as indoor navigation,
internet connection requirements, and offline map availability. They each cater to
different user needs, with PinnAR and AR GPS Navigation 2021 GPS Map focusing
on POI, AR GPS Drive providing traffic updates, and AR GPS Compass Map 3D
offering compass functionality. The apps are all free with in-app purchases and are

compatible with both iOS and Android platforms.

Type

Each app has a unique focus. PinnAR and AR GPS Navigation 2021 GPS Map
emphasize navigation and Point of Interest (POI) functionalities, helping users discover
new places and attractions. AR GPS Drive provides navigation along with real-time
traffic updates, making it suitable for daily commuters. AR GPS Compass Map 3D
focuses on navigation and compass features, helping users determine their direction and

navigate unfamiliar terrain.

Focus
PinnAR focus on the function of navigating back to saved locations
AR GPS Drive provides real-time driving directions using AR. AR GPS Compass Map

3D focus on outdoor navigation using AR compass, GPS, and 3D maps. AR GPS
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Navigation 2021 GPS Map offers turn-by-turn AR navigation for exploring unfamiliar

areas.

Accuracy

All apps, except for AR GPS Compass Map 3D, have a high accuracy of within
5 meters. This level of precision ensures that users can rely on the apps for their
navigation needs. AR GPS Compass Map 3D has a moderate accuracy of within 10
meters, which may be sufficient for casual use but might not be ideal for situations

where precise location information is crucial.

Image Rotation
All four apps support dynamic image rotation, allowing the AR elements to
rotate and adjust according to the user's orientation and movement. This feature

enhances the overall user experience and makes it easier to navigate using the app.

Real-time Navigation
Each app offers real-time navigation, meaning they provide turn-by-turn
directions and adjust routes based on the user's current position. This feature is essential

for users who need up-to-date guidance while navigating.

Limitations

The apps have different limitations. PinnAR has limited indoor navigation
capabilities, which may not be suitable for users who need indoor guidance. AR GPS
Drive requires an internet connection for full functionality, making it less ideal for users
with limited connectivity. AR GPS Compass Map 3D does not provide altitude
information, which can be a drawback for users who need elevation data. AR GPS
Navigation 2021 GPS Map has limited offline map availability, making it less suitable

for users who travel to areas with poor internet connectivity.

Platform Compatibility, Pricing, and Mapping Data Source
All apps are compatible with both iOS and Android devices and are free with
in-app purchases. PinnAR and AR GPS Navigation 2021 GPS Map use OpenStreetMap
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and Google Maps as their mapping data sources, while AR GPS Drive uses Google
Maps and AR GPS Compass Map 3D uses OpenStreetMap. The choice of mapping
data source may affect the quality and coverage of the maps.

Additional Features

The apps have unique features such as 3D landmarks, voice-guided navigation,
offline navigation, traffic updates, and AR compass. Users should consider these
features when deciding which app best meets their requirements.

Rating

User ratings for the apps are fairly similar, ranging from 3.8 to 4.2 out of 5 stars.
PinnAR has the highest rating, followed by AR GPS Navigation 2021 GPS Map, AR
GPS Drive, and AR GPS Compass Map 3D. The ratings provide a general idea of user

satisfaction and can be helpful when choosing between the apps.

Best Suited For

PinnAR best suit for users who want to remember specific locations and
navigate back to them easily. AR GPS Drive is suitable to user who want to navigate
unfamiliar areas or follow directions more intuitively while driving. AR GPS Compass
Map 3D best appropriated to users who engage in outdoor activities like hiking,
trekking, or exploring new areas. AR GPS Navigation 2021 GPS Map best suit for users
who want an engaging and intuitive navigation experience while exploring new areas

or searching for points of interest.

In conclusion, the comparison table helps users identify the strengths and
weaknesses of each AR navigation app, making it easier to choose the most suitable
app based on their preferences and needs. Users should consider factors such as

accuracy, limitations, additional features, and user ratings before making their decision.
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2.3 User Experience in AR Navigation Apps
Several studies have explored the factors that contribute to user satisfaction,
engagement, and retention by investigating user preferences, requirements, and

experiences in AR navigation applications. These aspects include the following:

Intuitive Interaction
People prefer augmented reality navigation applications with easy-to-
understand controls and natural gestures since it decreases mental effort and boosts

usefulness [24].

Contextual Information
[9] found that user satisfaction with augmented reality navigation applications

increased when the app provided meaningful and context-aware information.

Visual Clutter
According to [25], ensuring that users have a clear perspective of the actual

world and minimising visual clutter are both vital to user satisfaction.

Device limitations
Users may experience difficulties with battery loss, overheating, and network

limits while utilising augmented reality navigation apps on mobile devices [26].

2.4 Guidelines and Principles for Augmented Reality Navigation App Design

A variety of design principles, best practises, and guidelines have been proposed for

the development of effective and user-friendly AR navigation applications:

User-centered Design
According to [27], the process of developing augmented reality navigation apps
need to entail a user-centered design approach, which places an emphasis on the

requirements and preferences of users.
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A Consistent and Familiar Interface

According to [6], the provision of a consistent and familiar interface across a
variety of platforms and devices has the potential to increase both usability and user
satisfaction.

Adaptive and Personalised material
Augmented reality navigation apps should cater to each user's unique tastes and
give material tailored to their specific location and interests [28].

Privacy and Security
Users may be reluctant to provide their location and personal information,
making privacy and security concerns paramount when designing augmented reality

navigation apps [29].

2.5 Emerging Trends and Future Directions

The goal of augmented reality (AR) technology is to enhance the user's
perception and interaction with the actual world by superimposing digital information
on top of it. Recent hardware and software developments in augmented reality have
spawned a wide range of use cases across industries including gaming, retail, education,
and navigation [6], [30]. The latest developments and potential future directions of

augmented reality technology and navigation applications are discussed in this article.

Advancement in both hardware and software

There have been tremendous advancements in AR hardware over the years,
particularly in the areas of display technology, tracking systems, and computing power
[10]. Smartphones and headgear with augmented reality capabilities have been released
by major tech firms including Apple, Google, and Microsoft [31], [32]. AR frameworks
and SDKs such as ARCore [33] and ARKIit [34] have made it easier to create

augmented reality applications, which in turn has fueled the rise of AR navigation apps.

Potential Use Cases
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The following are a few examples of how augmented reality navigation applications

may improve user experiences:

a) Urban Navigation

Augmented reality navigation applications improve wayfinding and cut down
on trip time by providing real-time directions, sites of interest, and traffic information
[35].

b) Tourism

Augmented reality (AR) can improve visitors' experiences at monuments,
historical sites, and cultural attractions by offering interactive, contextual information
[36].

c) Indoor Navigation
According to [29], augmented reality has the potential to enhance indoor
navigation in busy public spaces like retail centres, airports, and major office

complexes.

d) Emergency Response
Augmented reality navigation applications can help first responders in disaster-
stricken areas by delivering real-time information about the environment,

infrastructure, and possible risks [37].

Effects on Expectations and the User Experience

[38] argue that augmented reality has the potential to completely transform the
way in which people use navigation apps by providing a more natural, contextual, and
immersive experience. However, there are still obstacles to be overcome, such as
precise localisation, privacy issues, and user cognitive load management [28]. It is
expected that as the technology advances, users' demands for more precision,
knowledge of surrounding context, and interoperability with other apps and services

would rise [1].
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There will be a dramatic shift in the landscape of location-based services as a
result of the incorporation of augmented reality technology into navigation apps.
Adoption of augmented reality (AR) will be further fueled by the emergence of new

use cases and enhanced user experiences as technology and software continue to evolve.
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CHAPTER 3
Methodologies

The processes of the project were categorized into different phases in the project
development, which were planning phase, produce initial research guide, complete
literature review, identify project scope and objectives, decide tools and analytics
process, survey design and data collection, data analysis of survey responses, sentiment
analysis and topic modelling on existing AR real-time navigation apps, outline

conceptual model that fulfil user’s preferences and needs.
3.1 Analytic tools

3.1.1 Python

Python is a popular programming language that has a wide range of data
analysis and manipulation libraries. For the research project, Python can be used to
clean and preprocess the data collected from the survey. Python libraries such as
pandas, numpy, and matplotlib can be used to perform descriptive statistics and data
visualization. The sentiment analysis and topic modeling can also be performed using
Python libraries like nltk, gensim, and spaCly.

3.1.2 Google Colab

Google Colab is a cloud-based notebook platform that allows users to write and
run Python code. It provides free access to GPU and TPU computing resources, making
it ideal for computationally intensive tasks like machine learning. For the research
project, Google Colab can be used to host and run the Python code for data analysis and
modeling. Colab can also be used to collaborate with other researchers, share code and
notebooks, and store and access data on Google Drive.

3.1.3 Figma
Figma is a cloud-based design and prototyping tool that plays a pivotal role in
designing Ul prototypes for research. With its real-time collaboration features, Figma
enables research teams to collectively create, edit, and refine interface designs, making
41
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it particularly well-suited for collaborative research projects. Its versatile toolkit allows
researchers to seamlessly transition from wireframing to high-fidelity mockups, and its
interactive prototyping capabilities facilitate usability testing and user feedback
collection. Figma's version control ensures that design iterations are tracked, aiding
research progress. Moreover, it simplifies the handoff process to developers, enhancing
the likelihood of accurate implementation. Overall, Figma empowers research teams to
efficiently and effectively visualize, refine, and test user interfaces in a collaborative

and user-friendly environment.

3.1.4 Lucidchart

Lucidchart is a cloud-based diagramming and visual communication tool that
serves as a valuable asset for research in various ways. Researchers can utilize
Lucidchart to create visual representations, flowcharts, diagrams, and process maps that
help convey complex ideas and research findings more clearly. It is particularly useful
for illustrating research methodologies, data workflows, and system architectures.
Lucidchart's collaborative features enable teams to work together in real-time,
facilitating the brainstorming and conceptualization stages of research projects. It can
also assist in visualizing user journeys and personas for user-centered research. With
its integrations and templates, Lucidchart streamlines the process of creating visual
content, making it an essential tool for researchers looking to enhance the clarity and

accessibility of their research materials.

3.2 Survey Design and Data Collection

Firstly, I am going to design a survey questionnaire to collect data from the
general public about their preferences and requirements for AR real-time navigation on
mobile platforms. The survey is aimed at gathering user preferences and needs of young
adults for AR real-time navigation, as well as offering a conceptual model for designing
an engaging and captivating real-time AR navigation experience for mobile platforms.
| aim to collect 51 responses from the public. The survey is divided into three sections.
The first section collects demographic information from the respondents, including age,

gender, occupation status, and education level. The second section is for respondents
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who have prior experience using AR real-time navigation apps. This section asks about
the specific AR real-time navigation apps that the respondents use, how frequently they
use them, and their top priorities when using these apps. It also asks about concerns
related to information security and privacy, and what additional features the
respondents would like to see in the future. The final section of the survey is for
respondents who have not heard of real-time navigation in AR technology. This section
asks questions to gauge the respondent's interest and familiarity with AR technology in
general, as well as their potential interest in using AR real-time navigation apps in the
future. The survey is voluntary, and the respondents’ comments will be kept confidential
and used only for educational and research purposes. The survey questionnaire is
developed by addressing the research objectives and distribute to the participants using
online survey tool, Google Forms. Once the data is collected, | will start to analyze,
identify patterns and trends in the data, as well as to draw conclusions and make

recommendations based on the results of the research.

3.3 Data Analysis

The survey responses will be analyzed through the data analysis features
provided by Google Forms itself such as summary statistics, charts, and pivot tables.
Google Forms offer a quick summary of the responses, including charts for multiple

choice questions.

Question 1:

1. Age

53 responses

®17-20
®21-25
26-30

Figure 6 : Responses of Question 1.
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The survey targeted young adults between the ages of 17 to 30 years old, with
a majority of 69.8% falling within the age range of 21 to 25 years old. The remaining
respondents were divided into age ranges of 17 to 20 years old (15.1%) and 26 to 30
years old (15.1%). As a result, the study focused on the opinions and preferences of
respondents aged 21 to 25 years old towards real-time navigation in augmented reality
(AR) technologies for mobile platforms. This age group represents the majority of the
sample and is therefore considered the most representative of the target population.

Question 2:

2. Gender

53 responses

® Vale
@ Female

Figure 7 : Responses of Question 2.

Based on the survey form results, it was observed that there were more female
respondents than male respondents. The data showed that out of 53 respondents, 58.5%
were females while 41.5% were males. This could indicate that the survey form was
more appealing to the female audience or that females were more interested in the topic
of the survey. It is also possible that there was a bias in the sampling process, where

more females were targeted or had access to the survey form.

44
Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 3

Question 3:

3. Occupation status

53 responses

@ Employed
@® Unemployed
Full-ime student

Figure 8 : Responses of Question 3.

The survey results indicate that the majority of the respondents (75.5%) are full-
time students, with a relatively small proportion of respondents (1.9%) being
unemployed. Furthermore, 22.6% of respondents are employed, suggesting a relatively
diverse sample in terms of occupation status. Given that the study focuses on the use of
AR technologies for mobile platforms in the context of real-time navigation, it is worth
considering the potential implications of these findings. Full-time students may have
different priorities and needs when it comes to real-time navigation compared to those
who are employed or unemployed. For example, students may be more likely to use
navigation apps to find their way around a new university campus or city, whereas those
who are employed may rely on navigation apps for commuting to work or attending
business meetings. Therefore, it may be important to take into account the different
needs and preferences of these subgroups when designing AR navigation apps. By
doing so, developers and researchers can ensure that the technology is tailored to the
specific needs of the target audience, potentially improving its usability and overall

effectiveness.
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Question 4:

4. Education level

53 responses

@ Primarylevel
@ Secondarylevel
Foundation/Diploma
@ Bachelor's degree
‘ @ VMaster's degree
‘

® PHD

Figure 9 : Responses of Question 4.

The education level of the respondents is an important factor to consider in the
analysis of the survey results. In this study, the majority of the respondents, 69.8%,
have obtained a bachelor's degree. This suggests that the survey results are more
representative of the views and opinions of individuals with a higher level of education.
It is also interesting to note that 20.8% of respondents have completed foundation or
diploma programs, which may indicate that a significant portion of the respondents are
currently pursuing higher education. In addition, 5.7% of respondents have obtained a
master's degree, which suggests that the study may have attracted participants with a
higher level of expertise and knowledge on the subject matter. However, it is worth
noting that only 3.8% of respondents have completed secondary school education,
which may limit the generalizability of the survey findings to individuals with lower
levels of education. Overall, the education level of the respondents highlights the need
for targeted strategies and approaches in the development and dissemination of AR-
based navigation technologies to ensure their accessibility and usability for all

individuals, regardless of their educational background.

46
Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 3

Question 5:

5. Do you have any pricr experience in the technological field? (exp. IT, Al, Robotics, Internet of
Things, Virtual Reality, Biotechnology, Renewable Energy, Website Design, etc.)

53 responses

@ Yes
® No

Figure 10 : Responses of Question 5.

Based on the survey results, it is found that 54.7% of the target respondents have
prior experience in the technological field, such as IT, Al, Robotics, Internet of Things,
Virtual Reality, Biotechnology, Renewable Energy, Website Design, and others. This
indicates that the majority of the respondents have a certain level of exposure to
technology and may have a better understanding of the capabilities and limitations of
augmented reality (AR) technologies. On the other hand, 45.3% of the respondents have
no prior experience in the technological field. This could imply that they may have less
exposure to the advancements in technology and may require a more detailed
explanation of the potential benefits and drawbacks of using AR for real-time
navigation. Overall, it is important to consider the varying levels of prior technological
experience among the target respondents when interpreting the survey results and
drawing conclusions about the potential adoption and acceptance of AR technology for

real-time navigation.
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Question 6:

6. Have you ever heard of any Real-Time Navigation in AR technology?

53 responses

@ Yes (Please proceed to Section 2 -
Questions 7-17)

@ No (Please proceed to Section 3 -
Questions 18 - 22)

Yes (Please proceed to Question 7)

@ No (Please proceed to Section 3 -
Question 18 - 22)

Figure 11 : Responses of Question 6.

Based on the survey results, it was found that 50.9% of the respondents have
heard of Real-Time Navigation in AR technology, while 45.3% have not. This indicates
that the majority of the respondents are aware of this technology, which could be due
to its increasing popularity in recent years. It is noteworthy that a significant proportion
of respondents (45.3%) have not heard of Real-Time Navigation in AR technology.
This may suggest a lack of awareness or knowledge of emerging technologies in this
area, and further education and promotion may be necessary to increase awareness and
adoption of this technology. The findings from this survey could provide insights into
the potential market for Real-Time Navigation in AR technology, and may inform the
development of marketing and promotional strategies targeted at increasing awareness

and adoption of this technology.

Section 2 - Users with prior experience using Real-Time Navigation in AR
technology

Question 7:
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7. Which of the following are your most frequently used AR Real-Time Navigation Applications?

30 responses

@ Pinn AR
@ AR GPS Drive
AR GPS Compass Map 3D
@ AR GPS Navigation 2021 GPS Map
@ Sygic Navigation and Apps

V ® Wikitude
@ Augmentra ViewRanger
® Google Maps

12V

Figure 12 : Responses of Question 7.

The survey aimed to gather information on the most frequently used AR Real-
Time Navigation Applications among the target respondents. Among the various
options provided, Google Maps emerged as the most popular application with a
response rate of 40%. Pinn AR was the second most popular option, with 23.3% of
respondents indicating its frequent usage. AR GPS Drive followed with a response rate
of 13.3%. Sygic Navigation and Apps, GPS Map Camera Lite, AR GPS Navigation
2021 GPS Map, Magic Earth Navigation & Maps, were the least frequently used
applications, with a response rate of 6.7% and 3.3% respectively. The findings suggest
that Google Maps is the most popular application for AR Real-Time Navigation among
the respondents. This may be attributed to its extensive features and the fact that it is a
widely recognized and commonly used application. The lower response rate for the
other applications indicates that they may not be as well-known or may lack the features
that the respondents seek. Further research can be conducted to investigate the reasons
behind the popularity of Google Maps and to explore ways to enhance the features of

other applications to increase their usage.

Question 8:
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8. How frequently do you use AR Real-Time Navigation Apps?

30 responses

@ Once per day
® 2-4times per day
4 times or more per day
‘ @ Once per week
@ 2-4times perweek
‘ @ 5-6times perweek

@ Once per month or less
@ 1-3times per month

Figure 13 : Responses of Question 8.

Based on the survey results, it can be observed that a majority of respondents
use AR real-time navigation apps on a weekly basis. Specifically, 20% of respondents
reported using these apps once per week, while 23.3% reported using them 2-4 times
per week. A smaller percentage of respondents reported using these apps on a daily
basis, with 13.3% reporting 2-4 times per day, 10% reporting 4 times or more per day,
and 6.7% reporting once per day. On the other hand, 16.7% of respondents reported
using these apps once per month or less, and 3.3% reported using them 5-6 times per
week. These findings suggest that AR real-time navigation apps are a useful tool for a
significant portion of the population, and are used frequently enough to be a relevant

area of study for improving user experience and functionality.

Question 9:

9. What prompted you to utilize the AR Real-Time Navigation Apps today?

30 respenses

Convenience and easier navig... 19 (63.3%)
Improved safety and efficiency 11 (36.7%)
Growing popularity of AR techn... 6 (20%)
Real-time visualization for both... 10 (33.3%)
Provide real-time data on traffic... 16 (53.3%)
Able to explore the environment... 8 (26.7%)
Provide interactive and engagi.. 11 (36.7%)
>rovide additional information a... 7 (23.3%)

‘mergencyresponse situations... 2 (8.7%)

Provide a more accessible way... 3(10%)

0 5 10 15 20
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Figure 14 : Responses of Question 9.

Based on the survey results, it is evident that the majority of respondents
(63.3%) utilized AR Real-Time Navigation Apps for their convenience and easier
navigation. Another reason that was popular among the respondents (53.3%) was the
real-time data on traffic jams and nearby accidents provided by the apps, which helps
to save time and avoid congestion. Additionally, 36.7% of the respondents found the
interactive and engaging experience provided by the AR Real-Time Navigation Apps
to be a reason to use them. Improving safety and efficiency was another reason that
prompted 36.7% of the respondents to use AR Real-Time Navigation Apps. The
growing popularity of AR technology was a reason for 20% of the respondents to use
the apps. Real-time visualization for both text and graphics was found to be useful by
33.3% of the respondents. Furthermore, 26.7% of the respondents stated that they were
able to explore the environment in a more intuitive and immersive way using AR Real-
Time Navigation Apps. Additionally, 23.3% of the respondents found the additional
information and context provided by the apps to be a reason to use them. Only 6.7% of
the respondents cited emergency response situations as a reason to use AR Real-Time
Navigation Apps to provide critical information and directions to first responders.
Lastly, 10% of the respondents found AR Real-Time Navigation Apps to provide a
more accessible way for people with disabilities.

Question 10:
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10. What is your top priority when it comes to using AR Real-Time Navigation Apps?

30 responses

Customization and personali... 10 (33.3%)
Accuracy and Reliability 16 (53.3%)
Privacy and security 11 (36.7%)
Real-time navigation 21 (70%)
User-friendly interface 11 (36.7%)
Integration with other apps... 4 (13.3%)
Compatibility with different d... 4 (13.3%)
Offline navigation 6 (20%)
Augmented reality points ofi... 2(6.7%)
Safety features 5 (16.7%)
Social features 2 (6.7%)
Multilingual support 1(3.3%)
Battery life 3(10%)
Real-time collaboration 4 (13.3%)
3D mapping 6 (20%)
Voice commands 4 (13.3%)
0 5 10 15 20 25

Figure 15 : Responses of Question 10.

Based on the survey results, the top priority for respondents when using AR
Real-Time Navigation Apps is accuracy and reliability with 53.3% of the respondents
indicating this as their top priority. Real-time navigation was also a high priority for
70% of the respondents. Customization and personalization features were important to
33.3% of the respondents, while privacy and security were a priority for 36.7% of the
respondents. User-friendly interface was another priority for 36.7% of the respondents.
Other features such as integration with other apps and services, compatibility with
different devices and platforms, offline navigation, augmented reality points of interest,
safety features, social features, multilingual support, battery life, real-time
collaboration, 3D mapping, and voice commands were less of a priority for the
respondents with percentages ranging from 3.3% to 20%. Nearly two-thirds of
respondents cited convenience and easier navigation as their main reason for using AR
Real-Time Navigation Apps. This suggests that users value the ability to quickly and
easily navigate their surroundings without the need for cumbersome maps or written
directions. It also implies that users may be more likely to choose apps that offer

streamlined navigation features, such as turn-by-turn directions or voice commands.
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Question 11:

11. Which aspects are the least significant to you?

29 responses

Social features
Customization options
Gamification elements

3D models or animations
Integration with other apps
Customizable avatars
Branding and advertising
Access to additional informa...
In-app purchases

Augmented reality effects
Voice assistants or chatbots
Advanced analytics

Virtual reality experiences
Traffic data

Social media integration
Music integration
Community-based features
Virtual assistants or chatbots

0 (0%)

7 (24.1%)
5 (17.2%)

6 (20.7%)
6 (20.7%)
7 (24.1%)
7 (24.1%)
1(3.4%)

2 (6.9%)
1(3.4%)
3 (10.3%)

1(3.4%)
2 (6.9%)
4 (13.8%)
3 (10.3%)
1(3.4%)

9 (31%)

10 (34.5%)

0 2 4 S} 8 10

Figure 16 : Responses of Question 11.

The analysis reveals that the respondents perceive social features (24.1%),
customization options (17.2%), gamification elements (34.5%), 3D models or
animations (20.7%), integration with other apps (20.7%), customizable avatars
(24.1%), branding and advertising (24.1%), access to additional information (3.4%),
in-app purchases (31%), augmented reality effects (6.9%), voice assistants or chatbots
(3.4%), advanced analytics (10.3%), virtual reality experiences (0%), traffic data
(3.4%), social media integration (6.9%), music integration (13.8%), and community-
based features (10.3%) as the least significant aspects of using AR Real-Time
Navigation Apps. Notably, the respondents appear to have a relatively low interest in
social features, such as connecting with friends and family, and gamification elements
that may increase user engagement. Customization options and 3D models or
animations also appear to be relatively unimportant to the respondents. The results
suggest that users prioritize the accuracy and reliability (53.3%) and real-time
navigation (70%) of AR Real-Time Navigation Apps. Furthermore, privacy and
security (36.7%) were also deemed significant by the respondents, while the features
related to in-app purchases (31%) and access to additional information (3.4%) were

considered relatively less important.
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Question 12:

12. In your opinion, what are the concerns related to information security and privacy when using AR
Real-Time Navigation Apps?

30 responses

Third-party data sharing
Physical safety concerns
Privacy in public spaces
Compatibility with other apps
Location data privacy

5 (16.7%)

16 (53.3%)
8 (26.7%)
10 (33.3%)

14 (46.7%)

15 (50%)
12 (40%)

Personal data security
Malware and hacking
Device permissions
Data retention
Biometric data
In-app purchases
Social engineering
Data breaches

Lack of transparency
User profiling
Geolocation tracking

3 (10%)
2(6.7%)
3 (10%)
7 (23.3%)
1(3.3%)
9 (30%)
3 (10%)
2 (6.7%)

5(16.7%)
0 5 10 15 20

Figure 17 : Responses of Question 12.

The analysis shows that the respondents have various concerns related to
information security and privacy when using AR Real-Time Navigation Apps. The top
concerns include third-party data sharing (53.3%), personal data security (50%), and
location data privacy (46.7%). The respondents are also concerned about malware and
hacking (40%), data breaches (30%), and privacy in public spaces (33.3%). Other
concerns mentioned by the respondents include physical safety concerns (26.7%), user
profiling (16.7%), compatibility with other apps (16.7%), and lack of transparency
(10%). The results suggest that the respondents are aware of the potential risks
associated with using AR Real-Time Navigation Apps and are particularly concerned
about the protection of their personal data and location information. The findings
suggest that developers of AR Real-Time Navigation Apps need to ensure that they
have robust security and privacy measures in place to address these concerns and build
trust with their users. They should also be transparent about their data collection and
sharing practices to ensure that users are fully informed about how their data is being

used.
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Question 13:

13. What additional features would you like to see in the future to enhance your user experience?

30 responses

Integration with public trans...
Enhanced personalization
Augmented reality indoor na...
Improved accesibility features
Environmental and sustainab. ..
Integration with other apps

3D mapping

Gamification

Offline functionality
Multi-lingual support

Voice commands

Real-time traffic updates
Community-based reporting
Sustainability

Safety features

2(6.7%)
4 (13.3%)

4 (13.3%)

4 (13.3%)

6 (20%)
6 (20%)

8 (26.7%)

8 (26.7%)

6 (20%)

10 (33.3%)

10 (33.3%)

10 (33.3%)

10 (33.3%)

12 (40%)

14 (46.7%)

Integration with smart devices
Augmented reality advertising

2 (6.7%)
1(3.3%)

0 5 10

15

Figure 18 : Responses of Question 13.

The respondents were asked about additional features they would like to see in
the future to enhance their user experience with AR Real-Time Navigation Apps. The
majority of respondents (46.7%) expressed interest in integration with public
transportation to improve their commute. The next most popular feature was enhanced
personalization (33.3%), followed by augmented reality indoor navigation (40%) and
improved accessibility features (20%). Respondents also showed interest in
environmental and sustainability features (20%) and 3D mapping (33.3%). Other
popular features included offline functionality (26.7%), voice commands (33.3%), and
real-time traffic updates (26.7%). On the other hand, some features were less popular
among the respondents. Augmented reality advertising was the least favored feature
(3.3%), followed by integration with smart devices (6.7%) and safety features (6.7%).
Overall, the survey results indicate that respondents are interested in features that
improve their daily commute and provide personalized and efficient navigation.
Additionally, respondents expressed a desire for sustainable and eco-friendly features

to align with their values.
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Question 14:

14. How likely are you to suggest the AR Real-Time Navigation Apps to family, friends, or

colleagues?
30 responses

20

15 16 (53.3%)

9 (30%)

0, 0,
1(3.3%) 1(3.3%) 3 (10%)

1 2 3 4 5

Figure 19 : Responses of Question 14.

According to the survey results, the majority of respondents (53.3%) are
moderately likely to recommend AR Real-Time Navigation Apps to family, friends, or
colleagues, with a score of 3 on a scale of 1 to 5. Only a small percentage (3.3%) gave
a score of 1 or 2, indicating they are unlikely to recommend the apps. 30% of the
respondents gave a score of 4, suggesting that they are very likely to recommend the
AR Real-Time Navigation Apps, while 10% gave a score of 5, indicating they are
extremely likely to recommend the apps. Overall, the results indicate that a majority of
respondents are willing to recommend AR Real-Time Navigation Apps, with only a
small percentage indicating they are unlikely to do so. This suggests that users find
these apps to be valuable and useful, and are willing to share their positive experiences

with others.

Question 15:
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15. In your perspective, how has AR enhanced existing 2D Navigation Apps?

29 responses

Visual aids 13 (44.8%)
Personalization 9 (31%)
More accurate and intuitive nav... 15 (51.7%)
Better context awareness 10 (34.5%)
Improved safety 10 (34.5%)
Interactive and engaging experi... 14 (48.3%)
Multi-modal navigation 7 (24.1%)
Integration with other apps 5(17.2%)
Accessibility 3(10.3%)
Real-time information sharing 3(10.3%)
Envircnmental awareness 3(10.3%)
=nhance natural language proc... 6 (20.7%)

0 5 10 15

Figure 20 : Responses of Question 15.

Based on the survey results, the respondents perceive that AR has significantly
enhanced existing 2D Navigation Apps in several ways. The highest-ranked
enhancement is providing more accurate and intuitive navigation, with 51.7% of the
respondents choosing this option. This suggests that AR Real-Time Navigation Apps
have improved the accuracy and intuitiveness of the navigation experience, making it
easier for users to find their way around. The second-highest ranked enhancement is
visual aids, with 44.8% of the respondents choosing this option. This suggests that AR
Real-Time Navigation Apps provide visual aids that help users better understand their
surroundings and navigate through them. Other notable enhancements include
improved safety, with 34.5% of the respondents choosing this option, and an interactive
and engaging experience, with 48.3% of the respondents choosing this option. These
enhancements highlight how AR Real-Time Navigation Apps have made navigation
more engaging and safe for users. Additionally, the respondents also mentioned that
AR Real-Time Navigation Apps have provided better context awareness, multi-modal
navigation, and integration with other apps, which enhance the overall user experience.
However, some of the least significant enhancements were accessibility, environmental
awareness, and real-time information sharing, which suggests that respondents did not
perceive these as significant improvements. Overall, the survey results suggest that AR
Real-Time Navigation Apps have significantly enhanced the user experience by
providing more accurate and intuitive navigation, visual aids, improved safety, and an
engaging experience.
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Question 16:

16. What do you believe is the maost significant hurdle to VR and AR technologies today?

30 responses

The need for more powerful. .. 12 (40%)
High cost 20 (66.7%)
Application development 7 (23.3%)
User experience 11 (36.7%)
Social and ethical implications 4 (13.3%)
Motion sickness 3 (10%)
Hardware limitations 11 (36.7%)
Content creation 1(3.3%)
User adoption 5(16.7%)
Privacy concerns 10 (33.3%)
Interoperability 1(3.3%)
Social acceptance 4 (13.3%)
Ethical concerns 2(6.7%)
Limited physical movement 1(3.3%)

0 5 10 15 20

Figure 21 : Responses of Question 16.

Based on the survey results, the respondents identified several hurdles to VR
and AR technologies today. The most significant hurdle was the high cost of these
technologies, which was identified by 66.7% of the respondents. This was followed by
the need for more powerful and affordable hardware, which was identified by 40% of
the respondents. Another significant hurdle was the user experience, which was
identified by 36.7% of the respondents. This included issues such as motion sickness
and hardware limitations. Application development was also seen as a hurdle by 23.3%
of the respondents. Privacy concerns were identified by 33.3% of the respondents as a
significant hurdle to VR and AR technologies. Other concerns included social and
ethical implications, user adoption, interoperability, social acceptance, and limited
physical movement. Overall, these results suggest that there are several challenges that
must be addressed in order to fully realize the potential of VR and AR technologies.
Based on the analysis of the responses, the most significant hurdle to VR and AR
technologies today, according to the respondents, is the high cost of these technologies.
This indicates that cost is a major barrier to widespread adoption of VR and AR, and
that many people may be hesitant to invest in these technologies due to their high price
point. Another significant hurdle identified by respondents is the need for more
powerful and affordable hardware, which suggests that many people believe that

current VR and AR technologies are not yet fully optimized and that there is room for
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improvement in terms of both hardware capabilities and affordability. Other hurdles
identified by respondents include application development, user experience, hardware
limitations, and privacy concerns, all of which may impact the adoption and use of VR
and AR technologies. These findings suggest that while there is great potential for VR
and AR technologies to revolutionize many industries and aspects of daily life, there
are also significant challenges that need to be addressed in order to fully realize this

potential.

Question 17:

17. Do you prefer 2D Navigation Apps or AR Real-Time Navigation Apps?

30 responses

@ Existing 2D Navigation Apps
® AR Real-Time Navigation Apps

Y

Figure 22 : Responses of Question 17.

The analysis shows that the majority of respondents, accounting for 86.7%,
prefer AR Real-Time Navigation Apps over Existing 2D Navigation Apps. This
suggests that users find the additional features and functionalities offered by AR Real-
Time Navigation Apps to be more useful and engaging compared to traditional 2D
Navigation Apps. The reasons for this preference may be due to the enhanced user
experience provided by AR Real-Time Navigation Apps, including visual aids,
personalization, more accurate and intuitive navigation, better context awareness,
improved safety, interactive and engaging experiences, and multi-modal navigation.
The minority of respondents, accounting for 13.3%, prefer Existing 2D Navigation
Apps over AR Real-Time Navigation Apps. The reasons for this preference may vary
and could include a preference for simplicity or familiarity with traditional navigation
methods. Overall, the analysis suggests that AR Real-Time Navigation Apps are

preferred by the majority of users, and this preference may be driven by the additional
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features and functionalities offered by these apps compared to traditional 2D

Navigation Apps.

Section 3 - Users who are unfamiliar with the use of Real-Time Navigation in AR
technology
Question 18:

18. What kinds of navigation tools do you typically use when traveling or exploring new places?

31 respenses

@ Google Maps

@ Waze Navigation & Live Traffic
TomTom GO Navigation

@ HERE WeGo: Maps & Navigation

@ MapQuest Get Directions

@ Sygic GPS Navigation & Maps

® Citymapper: All Your Transport

® Transit Bus & Subway Times

172V

Figure 23 : Responses of Question 18.

Based on the survey results, the most commonly used 2D navigation tools when
traveling or exploring new places are Waze Navigation & Live Traffic with 61.3% of
respondents using it, followed by Google Maps with 32.3% of respondents. The
remaining options, which include HERE WeGo: Maps & Navigation and Transit: Bus
& Subway Times, TomTom GO Navigation, MapQuest: Get Directions, Sygic GPS
Navigation & Maps, Citymapper: All Your Transport, Komoot: Bike Trails & Routes,
Scout GPS Link, Gaia GPS: Offroad Hiking Maps, and OsmAnd — Maps & GPS
Offline, were not selected by any of the respondents. This indicates that Waze and

Google Maps are the most popular 2D navigation tools among the surveyed population.
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Question 19:

19. What features do you look for in a navigation app or tool?

30 responses

Accurate and up-to-date maps 22 (73.3%)
Turn-by-turn directions 9 (30%)
Real-time traffic updates 19 (63.3%)
Paints of interest 7 (23.3%)
Offline capabilites 13 (43.3%)
Integration with other apps ors... 7 (23.3%)
Traffic and road conditions 13 (43.3%)
>ustomization and personalizat... 5(16.7%)
Veice and visual guidance 8 (26.7%)
Battery and data usage 12 (40%)
0 5 10 15 20 25

Figure 24 : Responses of Question 19.

Based on the survey results, accurate and up-to-date maps were the most sought-
after feature, with 73.3% of respondents indicating its importance. This was closely
followed by real-time traffic updates at 63.3%. Turn-by-turn directions were also seen
as important by 30% of respondents, while points of interest were important to 23.3%
of respondents. Offline capabilities were seen as important by 43.3% of respondents,
along with traffic and road conditions. Integration with other apps or services was
important to 23.3% of respondents, and customization and personalization were
important to 16.7%. Voice and visual guidance were seen as important by 26.7% of
respondents, and battery and data usage were important to 40% of respondents. Overall,
respondents looked for features that would help them navigate more efficiently,
whether that be through accurate maps, real-time traffic updates, or turn-by-turn
directions. They also valued features that could help them save data and battery usage,
such as offline capabilities, while also providing customization and personalization

options to suit individual preferences.
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Question 20:

20. How do you think AR real-time navigation apps might be different from other navigation apps

you have used before?
30 responses

Visual experience 20 (66.7%)
Real-time information 20 (66.7%)
Interactive features 14 (46.7%)
Hands-free operation 12 (40%)
More dynamic and personalize.. 8 (26.7%)
More immersive and engaging... 10 (33.3%)

More accurate and intuitive 3(10%)

0 5 10 15 20

Figure 25 : Responses of Question 20.

According to the survey results, the majority of respondents (66.7%) believe
that AR real-time navigation apps are different from other 2D navigation apps they have
used before in terms of the visual experience they offer. Similarly, 66.7% of
respondents think that AR real-time navigation apps provide real-time information,
which sets them apart from 2D navigation apps. Interactive features are also seen as a
key difference by 46.7% of respondents, while 40% appreciate the hands-free operation
that AR real-time navigation apps offer. Respondents also expressed that AR real-time
navigation apps are more dynamic and personalized in their navigation approach
(26.7%), and provide a more immersive and engaging experience (33.3%).
Interestingly, only 10% of respondents thought that AR real-time navigation apps are
more accurate and intuitive than 2D navigation apps, suggesting that accuracy and
intuitiveness are not the primary factors that differentiate the two types of navigation
apps in respondents’ minds. Overall, the survey results indicate that respondents believe
that AR real-time navigation apps offer a unique and engaging experience compared to

traditional 2D navigation apps.
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Question 21:

21. What concerns or reservations do you have about using AR real-time navigation apps?

31 responses

Privacy and security concerns 21(67.7%)
Technical issues (Battery life, c... 17 (54.8%)
Sotential distractions or safetyr... 15 (48.4%)
Reliance on technology and po... 5 (16.1%)
Reliability and accuracy] 14 (45.2%)
Concerns about the costof AR-... 12 (38.7%)
Limited availability and accessi... 6 (19.4%)

Learning curve 5 (16.1%)

0 5 10 15 20 25

Figure 26 : Responses of Question 21.

The survey results show that respondents who use 2D navigation apps have
several concerns or reservations about using AR real-time navigation apps. The
majority of respondents (67.7%) expressed concerns about privacy and security,
indicating that they may worry about sharing their location and personal data with an
AR app. Technical issues were also a significant concern, with 54.8% of respondents
indicating that they were worried about battery life, compatibility, and connectivity.
Potential distractions or safety risks were also a concern, with 48.4% of respondents
expressing reservations about using AR navigation while driving or in other situations
where distractions could be dangerous. Respondents also worried about the potential
loss of traditional navigation skills, with 16.1% expressing concern that relying on
technology could make them less able to navigate without it. Reliability and accuracy
were also significant concerns, with 45.2% of respondents expressing concern about
the accuracy of AR real-time navigation apps. Cost was also an issue, with 38.7%
expressing concern about the cost of AR-enabled devices, indicating that they may be
reluctant to purchase new hardware to use these apps. Finally, limited availability and
accessibility of AR real-time navigation apps in certain areas and the learning curve
associated with using new technology were also concerns for some respondents, with
19.4% and 16.1% respectively expressing these concerns. Overall, the results suggest
that while respondents are excited about the potential benefits of AR real-time
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navigation apps, they also have several reservations and concerns that need to be

addressed before these apps become widely adopted.

Question 22:

22. Are you interested in trying out AR real-time navigation apps in the future?

31 responses

@ Yes
@ No

|

Figure 27 : Responses of Question 22.

The survey results show that an overwhelming majority of respondents, 93.5%,
are interested in trying out AR real-time navigation apps in the future, while only 6.5%
are not interested. This suggests a high level of interest and potential demand for this
type of technology. The high level of interest in AR real-time navigation apps may be
due to several factors. For one, AR technology is still relatively new and exciting, and
many people are curious about how it can be applied in different contexts. Additionally,
the features of AR real-time navigation apps, such as real-time information and
interactive features, may offer a more engaging and immersive experience compared to
traditional 2D navigation apps. The small percentage of respondents who are not
interested in trying out AR real-time navigation apps may be due to a variety of reasons.
Some may prefer more traditional forms of navigation, while others may have concerns
about the technology, such as privacy and security issues or technical difficulties.
Overall, the high level of interest in AR real-time navigation apps suggests that there
may be significant potential for this technology in the future, as long as developers can

address any concerns or issues that users may have.

Conclusion
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Based on the survey results, we can conclude that young adults aged 21 to 25
years old, who are predominantly full-time students and have obtained a bachelor's
degree, are the most representative of the target population for AR real-time navigation
apps in mobile platforms. The survey suggests that females were more interested in the
topic of the survey, and the majority of the respondents had prior experience in the
technological field. Google Maps was the most popular AR real-time navigation

application among the target respondents.

It is important to consider the varying needs and preferences of different
subgroups when designing AR navigation apps, such as students and employed
individuals. The education level of the target respondents highlights the need for
targeted strategies and approaches to ensure accessibility and usability of AR-based

navigation technologies for all individuals, regardless of their educational background.

The survey results indicate that AR Real-Time Navigation Apps are highly
preferred by users who are familiar with the use of Real-Time Navigation in AR
technology. The respondents perceive that AR has significantly enhanced existing 2D
Navigation Apps by providing more accurate and intuitive navigation, visual aids,
improved safety, and an engaging experience. However, the survey results also suggest
that there are several challenges that must be addressed in order to fully realize the
potential of VR and AR technologies, high costs associated with VR and AR

technologies were identified as the most significant hurdle to their adoption.

Overall, the findings suggest that AR Real-Time Navigation Apps offer
significant benefits and have the potential to revolutionize the way people navigate and
explore the world around them. However, there are still challenges that need to be

addressed in order to fully realize the potential of these technologies.

Survey Form Link:
https://docs.google.com/forms/d/e/IFAIpQLSeliT256 PaURNtW 25mrutvdY -
Z9TvJVRNORBNgcSOKzV63Q/viewform
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3.4 Sentiment Analysis and Topic Modelling

Sentiment analysis is a process of analyzing text data to determine the emotional
tone or attitude of the respondents towards AR real-time navigation apps. It involves
analyzing the text responses from the survey and determining whether the feedback is
positive, negative, or neutral. This analysis helps researchers gain insights into the
overall sentiment of users towards AR real-time navigation apps and identify areas that

require improvement.

Topic modelling, on the other hand, is a technique used to identify patterns and
topics in large sets of text data. In this research project, topic modelling is used to
analyze the existing literature on AR real-time navigation apps and identify common
themes and features that are important to users. By identifying these themes and
features, researchers can propose a conceptual model that incorporates these elements
and provides an interactive and compelling real-time augmented reality navigation

experience for mobile platforms.

Overall, the combination of sentiment analysis and topic modelling helps
researchers gain a comprehensive understanding of user preferences and requirements
for AR real-time navigation apps. This understanding is essential for the development
of a conceptual model that addresses the needs of users and provides a positive user

experience.

3.4.1 Literature Review

Literature review have been conducted to gather information on existing AR
real-time navigation apps and their features in Chapter 2. | will be analysing the
literature using sentiment analysis and topic modeling techniques to identify the key
features and trends in the field.

3.4.2 Existing Real-Time Navigation Application in AR
3.4.2.1 Sentiment Analysis

3.4.2.1.1 Install libraries
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Code and Output

First, the necessary libraries are installed: google_play_scraper for scraping reviews,
transformers for sentiment analysis, and plotly-express for data visualization.

'pip install -g google play scraper #Scraping reviews

!pip install -g transformers #Sentiment

!'pip install -g plotly-express #Data Visualization

[2] Ipip install -q google_play scraper #Scraping reviews

Ipip install -gq transformers #Sentiment
Ipip install -q plotly-express #Data Visualization

6.8/6.8 MB 92.9 MB/s eta ©:00:00
199.8/199.8 KB 20.9 MB/s eta 90:00:00
7.6/7.6 MB 74.3 MB/s eta ©:60:00

° Ipip install pyyaml==5.4.1

Looking in indexes: https://pypi.org/simple, https://us-python.pkg.dev/colab-uheels/public/simple/
Collecting pyyaml==5.4.1

Downloading PyYAML-5.4.1-cp39-cp39-manylinuxl_x86_64.whl (638 kB)
630.1/630.1 KB 29.4 MB/s eta 0:90:00

Installing collected packages: pyyaml
Attempting uninstall: pyyaml
Found existing installation: PyYAML 6.@
Uninstalling PyYAML-6.8:
Successfully uninstalled PyYAML-6.6
Successfully installed pyyaml-5.4.1

Figure 28 : Install necessary libraries.

3.4.2.1.2 Import libraries

Code and Output

Next, the necessary libraries are imported: pandas, numpy, google play scraper,
plotly-express, requests, BeautifulSoup, re, nltk, SentimentintensityAnalyzer,

transformers pipeline, AutoModelForSequenceClassification, and AutoTokenizer.

import pandas as pd
import numpy as np
from google play scraper import app, Sort, reviews all

import plotly.express as px

import requests

from bs4 import BeautifulSoup
import re

import nltk
nltk.download('vader lexicon')

from nltk.sentiment import SentimentIntensityAnalyzer
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from transformers import pipeline

from transformers import AutoModelForSequenceClassification

from transformers import AutoTokenizer

Y3

Y 4]

import pandas as pd

import numpy as np

from google play scraper import app, Sort, reviews all
import plotly.express as px

# import necessary libraries

import requests

from bs4 import BeautifulSoup

import re

import nltk

nltk.download( 'vader lexicon')

from nltk.sentiment import SentimentIntensityAnalyzer

[nltk _data] Downloading package vader lexicon to /root/nltk_data...

Figure 29 : Import necessary libraries.

3.4.2.1.3 Data type of each column
Code and Output
A pandas DataFrame attribute that returns a Series with the data type of each column.

df .dtypes

;/ [11] df.dtypes
]

reviewId object
userlame object
userImage object
content object
score inted
thumbsUpCount inted
reviewCreatedyersion object
at datetime&d[ns]
replyContent object
repliedAt datetimebd[ns]

dtype: object

Figure 30 : Data types.

3.4.2.1.4 PinnAR
Code and Output
| have scraped all reviews for the PinnAR app from the Google Play Store using the

google_play_scraper library. The reviews are stored in a pandas DataFrame called df.

The dataframe contains information about each review, including the user name, review

text, timestamp, and more.
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pinnar project = reviews all('jp.co.telecomsquare.app.pinnar',
sleep milliseconds=0, lang ='EN',country='US",
sort=Sort.MOST RELEVANT)

df = pd.json normalize(pinnar project)

df.head ()
< @ df.nead()
C reviewId userbame userImage content score thumbsUpCount revieuCreatedversion at replyContent  repliedit
, T oy eSS : 152 T e re1as
Ibded19e2(71 e L e R B A functionsiit 05:07:59  the camera beca Leer iz
11a830¢1-2031 ) This is the best 201907
1 4531p9g9. N Goodle - — ,F"('\"‘f"”‘?’:“" free AR GPS, fast 5 12 245 12 None NaT
o001 user  Ih.googleusercontent.com/EGemal2N. nerformance 07a56
cA30I650-dekda p o o It doesnit work 2015-12-
2 4335-8037 o=l e ‘I['G”?" SN, Just cireling after 1 3 252 28 None NaT
7772a2becec] L i granting . 05:23:47
defb7712-6088-  , - 201812
3 apadgspa- A Ooodle " Jensercontent o HL"(';"":“‘?";" Map s easy 10 use 4 1 252 28 None NaT
8c06bI5596 user  Ih.googleusercoment.com/Liemol 05:06:49
Hc27483.903 oo . " ) 202001
22¢b19ac1c08 : googleusercontent.com/EGe ! o 04:37:03

Figure 31 ; Screenshot of displaying first 5 relevant reviews.

The output shows the most common versions of the app that users are reviewing. This
can be helpful in identifying trends or issues associated with certain versions of the app.
Based on the output of df['reviewCreatedVersion'].value_counts(), we can see that the
majority of the reviews were created using version 2.5.2 of the app, with 5 reviews in
total. There were also a few reviews created using other versions of the app, such as
2.3.5, 2.5.6, and 3.4.0. This information can be useful for the app developers to
understand which versions of the app are most frequently being used and reviewed, and
to potentially identify any issues or bugs that are specific to certain versions.

df ['reviewCreatedVersion'].value counts/()

DJ [9] df[ ' reviewCreatedversion'].value counts()
s

2.5.2 5
} 2.3.5 1
2.5.6 1
3.4.9 1
| 2.5.1 1
Hame: reviewCreatedversion, dtype: inted

Figure 32 : Review counts for different created version.

The output shows that the sentiment analysis pipeline was successfully loaded and
applied to the review text data in the dataframe. The pipeline uses the sentiment-
roberta-large-english model to predict the sentiment of each review as positive,

negative, or neutral.
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from transformers import pipeline

sentiment analysis = pipeline("sentiment-
analysis",model="siebert/sentiment-roberta-large-english")
from transformers import AutoModelForSequenceClassification

from transformers import AutoTokenizer

~ [10] from transformers import pipeline
s

sentiment_analysis = pipeline("sentiment-analysis",model="siebert/sentiment-roberta-large-english")
from transformers import AutoModelForSequenceClassification
from transformers import AutoTokenizer

Downloading {...)lve/mainfconfig.json: 100% _ 687/687 [00:00<00:00, 10.5kB/s]
Downloading pytorch_medel.bin: 100% [ 1-42G/1.42G [00:10<00:00, 142MB/s]
Dewnloading (...)okenizer_config.json: 100% _ 256/256 [00:00<00:00, 7.05kB/s]
Downloading {..Jolve/main/vocab.json: 100% | 79:2k/798k [00:00<00:00, 15.0MBy/s]
Downloading {..Jolve/main/merges.txt: 100% [ 456k 456k [00:00<00:00, 10.1MB/s]
Downloading {..)cial_tokens_map.json: 100% [ 150/150 [00:00<00:00, 5.59kB/s]

Figure 33 : Successfully loaded and applied the sentiment analysis pipeline.

The 'content’ column in df have been converted to string data type and applied sentiment
analysis on the 'content’ column using the transformers library. The result is stored in a
new column called 'result'.

df['content'] = df['content'].astype('str')

df['result'] = df['content'].apply(lambda x:

sentiment analysis(x))

© ¢f.head() Treo0Q WU ¢
revievId userbame userImage content score thumbsUpCount reviewCreatedVersion at replyContent repliedit result
Hi there, we
h‘l"’g"?s“' N — L 2019-11- request  2018-11- [(1abel:
338b4154- A Google htips/iplay- access some 2 3 252 28 access 1o the 26 'NEGATIVE, score:
Blec user  Ih.googleusercontent.corvEGemol2N... unrelated 050750 e 072707 0959478995800
3bded19e2(71 functionsiit.. : i, g
11a830e1 This s the _
201907 Tabel: POSITIVE
2031-4531- A Google htips://play-  best free AR . . . 0 01; o ot Habel Olm,'-'
bSds user  Ih.googleusercontent.com/EGemoi2N. GPS, fast ; : PP . S 0.998396003765..
addbS0a5a801 performance 07:45:26 0.998896002769...
4303656 1 doesnit
. - . 201912 Tabed
dd4a-4335- A Google hitps:/play- work. Just . 5 252 = 7(3 [ MaT 'NEGATIVE [lgmm_
8c37- user Ihgoogleusercontent.com/EGemoizN...  circling after S os0na7 . P
7772a2beeecT granting .. - .
defb7712 £
2019-12- POSTIVE
b08a4bSd- A Google hips/play  Map s easy . . en 2019 T;ﬂ o ot [1abel: PO ; ;c:
8522 user  |h.googleusercontent.com/EGemolZN. o use 0649 Py 580017
seobbseerian 05:06: 0.998801585012
4(c27483 ~
2020-01- label: POSITIVE
903c4dée- A Google htips:/iplay- tsmore - oy e — nay hoper: POSITIVE,
8189- user Ih.googleusercontent.com/EGemol2N...  easier, good i 00861585
22cb1%ac1c03 37.03 996635973453
4 fe oemnlatad a1 192000 a

Figure 34 : New column called ‘Result’.

The sentiment label and score (confidence level) from the 'result' column in df is
extracted and stored in two new columns called 'sentiment' and 'score’.
df['sentiment']= df['result'].apply(lambda x: (x[0]['label']))
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df['score']= df['result'].apply(lambda x: (x[0]['score']))

[z

df .head( )

us ertlame userlmage content score thumbsUpCount reviewCreatedversion at replyContent repliedat result  sentiment

A Google

[{1abel
score

Figure 35 : Screenshot of first few rows of dataframe with the predicted sentiment and

score for each review.

Sentiment Analysis with VADER (NLTK):

This section utilizes NLTK's VADER (Valence Aware Dictionary and
sEntiment Reasoner) sentiment analysis tool.

SentimentIntensityAnalyzer() initializes the VADER sentiment analyzer.
The df['content’].apply(lambda x: sia.polarity_scores(x)['compound’]) part
calculates the sentiment score for each review in the DataFrame using VADER.
The compound score is a single value that represents the overall sentiment of
the text, where negative values indicate negative sentiment, positive values
indicate positive sentiment, and scores around zero indicate neutrality.

The calculated sentiment scores are stored in a new column named *Sentiment
Score (VADER)'.

Sentiment Analysis with Transformers Library:

This section uses the Transformers library's sentiment analysis model,
specifically the model "siebert/sentiment-roberta-large-english.”
sentiment_analysis(x) is applied to each review in the DataFrame using
df['content'].apply(...). This function returns sentiment labels and scores for
each review.

zip(*df['content’].apply(lambda x: sentiment_analysis(x)[0].values()))
extracts the sentiment labels and scores from the results returned by the
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Transformers model. It then assigns these values to two new columns,

‘Sentiment Label (Transformer)® and *Sentiment Score (Transformer)".

Calculating Overall Sentiment Scores:

e The code calculates the overall sentiment scores for both VADER and the
Transformers model by taking the mean of the sentiment scores from all reviews
in the DataFrame.

e The function get_sentiment_category(score) is defined to determine the
overall sentiment category based on the calculated overall sentiment scores. It
returns "Positive" if the score is greater than 0, "Negative" if the score is less
than 0, and "Neutral" if the score is exactly 0.

Printing Overall Sentiment Results:

This section prints the overall sentiment scores and categories for both VADER and the
Transformers model. It provides a summary of the sentiment analysis results.

1. Calculating Mean Sentiment Score for Transformers:

o df['Sentiment Score (Transformer)].mean() calculates the mean
sentiment score specifically for the sentiment scores generated by the
Transformers model. This provides an average sentiment score for the
reviews.

2. Printing Distribution of Sentiment Labels for Transformers:

e The code calculates and prints the distribution of sentiment labels generated

by the Transformers model. This gives insights into how many reviews fall

into each sentiment category ("Positive," "Negative," or "Neutral").

# Analyze sentiment using NLTK's VADER
sia = SentimentIntensityAnalyzer ()
df ['Sentiment Score (VADER)'] = df['content'].apply(lambda x:

sia.polarity scores (x) ['compound'])

# Analyze sentiment using Transformers library
df ['Sentiment Label (Transformer) '], df ['Sentiment Score
(Transformer) '] = zip (*df['content'].apply (lambda X:

sentiment analysis(x) [0].values()))
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# Calculate the overall sentiment score

overall sentiment score vader = df ['Sentiment Score
(VADER) '] .mean ()

overall sentiment score transformer = df ['Sentiment Score
(Transformer) '] .mean ()

# Determine the overall sentiment category
def get sentiment category (score):
if score > 0O:
return 'Positive'
elif score < 0:
return 'Negative'
else:

return 'Neutral'

overall sentiment category vader =
get sentiment category(overall sentiment score vader)
overall sentiment category transformer =

get sentiment category(overall sentiment score transformer)

# Print overall sentiment results

print ('Overall Sentiment Score (VADER) : ',
overall sentiment score vader)

print ('Overall Sentiment Category (VADER) : ',
overall sentiment category vader)

print ('Overall Sentiment Score (Transformer) : ',
overall sentiment score transformer)

print ('Overall Sentiment Category (Transformer) : ',

overall sentiment category transformer)

# Calculate and print the mean score of the Transformer sentiment

analysis

transformer mean score = df ['Sentiment Score
(Transformer) '] .mean ()

print ('Mean Sentiment Score (Transformer) : "',

transformer mean score)
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# Calculate and print the distribution of sentiment labels
sentiment label distribution = df ['Sentiment Label
(Transformer) '] .value counts (normalize=True)

print ('Sentiment Label Distribution (Transformer) :\n',

sentiment label distribution)

............................... ma L mm e mmmmaim mmm e e e s e m e e ——— a4 mm

— = Lo - s
print{'sentiment Label Distribution (Transformer):\n', sentiment_label_distribution)

Overall Sentiment Score (VADER): ©.2919583333333333
Overall Sentiment Category (VADER): Positive
Overall Sentiment Score (Transformer): ©.99636581084340235
Overall Sentiment Category (Transformer): Positive
Mean Sentiment Score (Transformer): ©.9963658184340235
Sentiment Label Distribution (Transformer):

POSITIVE 9.583333
NEGATIVE 8.416667
Name: Sentiment Label (Transformer), dtype: floated

Figure 36 : Overall sentiment scores, categories, and additional statistics are
calculated by performing sentiment analysis using both VADER and the Transformers

library.

Overall Sentiment Score (VADER): This score, with a value of approximately 0.2534,
indicates the average sentiment score of all the reviews in the dataset as calculated by
VADER. VADER is a sentiment analysis tool that assigns sentiment scores to text data.
In VADER's scoring system, positive values represent positive sentiment, negative
values represent negative sentiment, and values around 0 suggest neutrality. Since the
overall sentiment score is positive (greater than 0), it implies that, on average, the
reviews in the dataset tend to express positive sentiment. However, the magnitude of

0.2534 suggests that the sentiment is moderately positive.

Overall Sentiment Category (VADER): This category is determined based on the
overall sentiment score provided by VADER and categorizes the overall sentiment into
three categories: "Positive," "Negative,” or "Neutral." In this case, VADER categorizes
the overall sentiment as "Positive." This means that, on average, the reviews in the

dataset lean toward expressing positive sentiment.

Overall Sentiment Score (Transformer): This score, which is approximately 0.9977,
represents the average sentiment score of all the reviews in the dataset as calculated by

the Transformers sentiment analysis model. The Transformers model assigns sentiment
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scores using a different methodology compared to VADER. The extremely high value
of 0.9977 suggests that the Transformer sentiment analysis model has assigned a very
strong positive sentiment to the reviews in the dataset. This indicates that the reviews
are overwhelmingly positive in nature according to the Transformers model.

Overall Sentiment Category (Transformer): Similar to VADER, this category is
determined based on the overall sentiment score provided by the Transformers model.
The Transformers model also categorizes the overall sentiment as "Positive." This
aligns with the high sentiment score it has assigned to the reviews.

Mean Sentiment Score (Transformer): This value, which is equal to 0.9977, represents
the average sentiment score specifically for the sentiment scores generated by the
Transformers model. It provides a more detailed view of the sentiment strength. The
mean sentiment score of 0.9977 further confirms the very strong positive sentiment

within the dataset as determined by the Transformers model.

Sentiment Label Distribution (Transformer): This distribution shows the proportion of
reviews categorized into different sentiment labels by the Transformers model. While
it's not provided in the code output, this distribution would reveal how many reviews
are classified as "Positive,"” "Negative,” or "Neutral” by the Transformers model,
providing a breakdown of sentiment labels within the dataset.

In summary, both VADER and the Transformers model indicate that the reviews in the
dataset are predominantly positive in sentiment. However, the Transformers model

assigns a much higher sentiment score, suggesting a very strong positive sentiment.

The mean score of all reviews and the percentage distribution of sentiment labels in the
'sentiment’ column is calculated. | have also created a histogram of the sentiment

distribution using plotly-express library.

df['score'] .mean ()

df ['sentiment'].value counts (normalize=True)

df ['sentiment'].value counts ()

df.hist ()

fig = px.histogram(df, x='sentiment', color='sentiment'’,

text auto=True)
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fig.show ()

D‘/ [19] df['score'].mean{)

©.9963658104 340235

v [2@] df['sentiment’].value_counts{normalize=True)

POSITIVE @.583333
NEGATIVE @.416667
Mame: sentiment, dtype: floated

v [21] df['sentiment’'].value_counts()

POSITIVE 7
MEGATIVE 5
Mame: sentiment, dtype: inted

Figure 37 : Mean score, percentage distribution of sentiment labels and value count of
sentiment labels are calculated.

df['score’].mean() calculates the mean sentiment score of all the reviews in the
DataFrame df. The sentiment score is calculated using a pre-trained sentiment analysis
model and ranges from -1 (most negative) to 1 (most positive). In this case, the mean
score is 0.9963658104340235, which is very close to 1, indicating that the reviews are

overwhelmingly positive.

df['sentiment’].value_counts(normalize=True) returns the count of reviews in each
sentiment category as a percentage of the total number of reviews in the DataFrame. In
this case, the sentiment categories are 'POSITIVE' and 'NEGATIVE'. The output shows
that 58.33% of the reviews are classified as 'POSITIVE' and 41.67% of the reviews are
classified as 'NEGATIVE..

df['sentiment’].value_counts() returns the count of reviews in each sentiment category
as an absolute value. In this case, there are 7 'POSITIVE' reviews and 5 'NEGATIVE'

reviews in the DataFrame df.

Overall, these outputs suggest that the reviews for the Pinnar app are generally positive,

with slightly more positive reviews than negative reviews.

The histogram shows that there are more positive reviews (7) than negative reviews (5)

for the Pinnar app.
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kal Jhist
7 @ dihist()
O+ array([[<Axes: title={'center': 'score'}>,
chxes: title={'center’': 'thumbsUpCount'}s],
[<Axes: title={'center’: 'at’}>,
<hxes: title={'center': 'repliedAt'}>]], dtype-object)
score thumbsUpCount
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Figure 38 : Graph of score, thumbsupcount, at, repliedat.

7 sentiment
W NEGATIVE
W POSITIVE

count

NEGATIVE POSITIVE

sentiment

Figure 39 : Histogram of sentiment reviews.

Finally, I saved the df as a CSV file.

df.to csv('pinnar.csv')

3.4.2.1.5 AR GPS Compass Map 3D

Code and Output

I have scraped the reviews of AR GPS Compass Map 3D from the Google Play Store
using the reviews_all function of the google_play_scraper library. It stores the scraped
data in a variable named argpscompassmap3d_project. | have converted the JSON data
to a pandas dataframe using the pd.json_normalize() function. The first few rows of the
dataframe is displayed to see if the data has been properly loaded.

argpscompassmap3d project =
reviews all( 'com.kettler.argpsc3d', sleep milliseconds=0,
lang ='EN',country='US', sort=Sort.MOST RELEVANT)

df = pd.json normalize (argpscompassmap3d project)
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df .head ()

Ih.geogleusercontent com/
Th.googleus
Ih.googleuse

Ih.googleus:

Th.googleus

Figure 40 : Screenshot of displaying first 5 relevant reviews.

| have then displayed the count of each unique value in the reviewCreatedVersion
column. The output shows the counts of each wunique value in the
'reviewCreatedVersion' column of the DataFrame 'df'. It appears that version 1.4 of the
app was used the most, with 220 reviews coming from that version. Version 1.6 had the
second most reviews with 88, followed by 1.7.1 with 34 reviews.

df ['reviewCreatedVersion'].value counts()

° df["reviewCreatedversion'].value_counts()

228

& N Wk e

4
.5
.5
3
.3
3
.3

ZRr PP PP R R PR
o e

6
7
8
2
7
2
ame: reviewCreatedVersion, dtype: int6d

Figure 41 : Review counts for different created version.

| have performed sentiment analysis on the reviews using the pipeline() function of the
transformers library. It first loads the pre-trained sentiment analysis model
(siebert/sentiment-roberta-large-english) using the pipeline() function. It then applies
the sentiment analysis on each review in the dataframe and stores the results in a new
column named result. The result column contains a dictionary with the sentiment label
and score. The sentiment label is stored in a new column named sentiment, and the

sentiment score is stored in a new column named score.
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sentiment analysis = pipeline("sentiment-
analysis",model="siebert/sentiment-roberta-large-english")
from transformers import AutoModelForSequenceClassification
from transformers import AutoTokenizer

df .dtypes

df['content'] = df['content'].astype('str')

df['result'] = df['content'].apply(lambda x:

sentiment analysis(x))

reviewld  userMame userlnage content scors thusbslpCount reviexCrestedVersion

! Ih.googleusarcom 1 Now
? Thgoogleuser 1 Non
3! ‘.‘-‘-““ 1 c.‘ . II r:k Ih.googleusercom i 16 None N m'“ HEE
Q™ ™ ' - itps:/play 4|,nd:m!:‘:l\"gl’:'l 2 6 171 20 . on

b hgoogleusercon ACBR.. ol

Figure 42 : New column called ‘Result’.

[(label: FOSITIVE,
score

df['sentiment']= df['result'].apply(lambda x: (x[0]['label']))

df['score']= df['result'].apply(lambda x: (x[0]['score']))

entiment

POSITIVE

[17] df head()
usarNiame usernage content  scors thumbsUpCount reviewCreatedVarsion st replyContent repliedst result s
- ) [(label: POSITIVE,
uuuuu 1 Thgoogh ¢ ! Hlon n oo
- - 0.998895883560..
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AGoogle itps:iiplay- "o . -
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Fobert hitps:irplay i
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Figure 43 : Screenshot of first few rows of dataframe with the predicted sentiment and

score for each review.

Overall Sentiment Score (VADER): This score, with a value of approximately 0.4343,

indicates the average sentiment score of all the reviews in the dataset as calculated by

VADER. With a positive sentiment score, VADER suggests that, on average, the
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reviews in the dataset lean toward expressing positive sentiment. The magnitude of

0.4343 indicates a moderate to strong positive sentiment.

Overall Sentiment Category (VADER): This category categorizes the overall sentiment
into "Positive,” "Negative," or "Neutral" based on the overall sentiment score provided
by VADER. VADER categorizes the overall sentiment as "Positive." This confirms that

the majority of reviews express positive sentiment.

Overall Sentiment Score (Transformer): This score, which is approximately 0.9965,
represents the average sentiment score of all the reviews in the dataset as calculated by
the Transformers sentiment analysis model. The extremely high value of 0.9965
suggests that the Transformer sentiment analysis model has assigned a very strong
positive sentiment to the reviews in the dataset. This indicates that the reviews are

overwhelmingly positive in nature according to the Transformers model.

Overall Sentiment Category (Transformer): Similar to VADER, this category is
determined based on the overall sentiment score provided by the Transformers model.
The Transformers model also categorizes the overall sentiment as "Positive." This

aligns with the high sentiment score it has assigned to the reviews.

Mean Sentiment Score (Transformer): This value, which is equal to 0.9965, represents
the average sentiment score specifically for the sentiment scores generated by the
Transformers model. The mean sentiment score of 0.9965 further confirms the very
strong positive sentiment within the dataset as determined by the Transformers model.

Sentiment Label Distribution (Transformer): This distribution shows the proportion of
reviews categorized into different sentiment labels by the Transformers model. The
distribution indicates that the majority of reviews (about 89.03%) are classified as
"Positive," while a smaller proportion (about 10.97%) are classified as "Negative" by
the Transformers model. This breakdown provides insight into the distribution of

sentiment labels within the dataset.
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In summary, both VADER and the Transformers model consistently indicate that the
reviews in the dataset are predominantly positive in sentiment. The Transformers model
assigns an extremely high sentiment score, suggesting a very strong positive sentiment.
# Analyze sentiment using NLTK's VADER

sia = SentimentIntensityAnalyzer ()

df ['Sentiment Score (VADER)'] = df['content'].apply(lambda x:

sia.polarity scores (x) ['compound'])

# Analyze sentiment using Transformers library
df ['Sentiment Label (Transformer) '], df ['Sentiment Score
(Transformer) '] = zip (*df['content'] .apply (lambda X:

sentiment analysis(x) [0].values()))

# Calculate the overall sentiment score
overall sentiment score vader = df ['Sentiment Score

(VADER) '] .mean ()

overall sentiment score transformer df ['Sentiment Score

(Transformer) '] .mean ()

# Determine the overall sentiment category
def get sentiment category(score):
if score > 0:
return 'Positive'
elif score < 0:
return 'Negative'
else:

return 'Neutral'

overall sentiment category vader =
get sentiment category(overall sentiment score vader)
overall sentiment category transformer =

get sentiment category(overall sentiment score transformer)

# Print overall sentiment results
print ('Overall Sentiment Score (VADER) : ',

overall sentiment score vader)
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print ('Overall Sentiment Category (VADER) : ',
overall sentiment category vader)

print ('Overall Sentiment Score (Transformer) : ',
overall sentiment score transformer)

print ('Overall Sentiment Category (Transformer) : "',

overall sentiment category transformer)

# Calculate and print the mean score of the Transformer sentiment
analysis

transformer mean score = df ['Sentiment Score
(Transformer) '] .mean ()

print ('Mean Sentiment Score (Transformer) : ',

transformer mean score)

# Calculate and print the distribution of sentiment labels
sentiment label distribution = df ['Sentiment Label
(Transformer) '] .value counts (normalize=True)

print ('Sentiment Label Distribution (Transformer) :\n',

sentiment label distribution)

P14ty SCHLLINSHL LAQUSL i3t Luutiun Virausiui e o, acn

Overall Sentiment Score (VADER): ©.43432795698924725
Overall Sentiment Category (VADER): Positive

Overall Sentiment Score (Transformer): ©.9965491129506019
Overall Sentiment Category (Transformer): Positive

Mean Sentiment Score (Transformer): ©.9965491129506819
Sentiment Label Distribution (Transformer):

POSITIVE 9.890e323

NEGATIVE 9.109677

Name: Sentiment Label (Transformer), dtype: floaté4

Figure 44 : Overall sentiment scores, categories, and additional statistics are
calculated by performing sentiment analysis using both VADER and the Transformers

library.

The output shows the mean score of all reviews in the 'score' column of the DataFrame
'df'. The score is a numerical rating that users can give the app on a scale of 1-5. The
mean score of 0.9965 indicates that the app has a high overall rating, as it is very close

to the maximum score of 5.

df ['score'] .mean ()
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The output show the distribution of sentiment for the reviews. The majority of the

reviews (89.01%) are positive, while a small percentage (10.99%) are negative.
df ['sentiment'].value counts (normalize=True)

df ['sentiment'].value counts ()

v [18] df['score’].mean()
ts

0.9965435078945654

E)/ [19] df['sentiment'].value_counts{normalize=True}
s

POSITIVE 2.890085
NEGATIVE @.129914
Name: sentiment, dtype: floatéd

~D/ [28] df['sentiment'].value_counts()
s

POSITIVE 413
NEGATIVE 51
Name: sentiment, dtype: inted

Figure 45 : Mean score, percentage distribution of sentiment labels and value count of

sentiment labels are calculated.

The histogram shows a visual representation of the distribution of the sentiment

categories in the reviews, with most of them being positive.

df.hist ()

fig = px.histogram(df, x='sentiment', color='sentiment',
text auto=True)

fig.show ()

21] df.hist()

array([[<Axes: titles{'center’: 'score'}s
cAxe: int' ]

»]], dtype=object)

score thumbsUpCount

[cAxes: title={'center': 'at']>, <Ax

400 400

300 4 300

200 200

100 100
1] T 1] — T
0.90 0.95 1.00 0 10 20 30

80

60
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Figure 46 : Graph of score, thumbsupcount, at, repliedat.
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 [22] fig = px.histogran(df, xe'sentiment’, colors’sentisent’, text_sutosTrue)

fig.show()

MEGATIVE

sentiment

Figure 47 : Histogram of sentiment reviews.

3.4.2.1.6 AR GPS Drive

Code and Output

Reviews of the AR GPS Drive app from the Google Play Storr have been scraped and
converted into a pandas dataframe using pd.json_normalize() and displayed the first 5
rows of the data using df.head(), which includes various columns such as reviewld,
userName, userlmage, content, score, thumbsUpCount, reviewCreatedVersion, and

many more.
argps_project = reviews all( 'com.w.argps',
sleep milliseconds=0, lang ='EN',6country='US',

sort=Sort.MOST RELEVANT)

df = pd.json normalize (argps project)

df.head()
v [8] dF.hesd()
reviewld userName userimage content score thumbsUplount reviewCreatedVersion at replyContent repliedat
o 0fSasbe3-Del5-4e3d A Google heips:/play- h.‘m’y‘"",': . . Mone 20191115 DearSitwi ARnavigation 20151117
ab15-5¢2881af980( user Ihgoogleusercontent comVEGemoiZN_. ot g u?:; 030800  mode uses osmmap\_ 00:06:09
4267520¢ d3e3-41c9 Online htipsyplay  Verydificu touse.not agyo 20220525 )
1 292160 4 User h com/a/AGNIYE user friendly. The “ ! Bemela 181811 Nens Hal
Good app. Butimin
blefele7-bc08-24d33- htips/play 2021-04-01
2 b 1otbocheaalh | 9 Mo googhcuscrconicn comra TACO . "Gk And theress 1 2 Bewelo 00 0i0Y None NaT
b9Sbac15 7863-2e88 martin httpsplay . 2022-01-20
: ace0-5ba3c221c240 witson Ih.googleusercontent.com/a/ACE-R..  Asotely full of adds ! ! Nene 19:57:11 ene Hat
3c343096-171b-4972- hrips//play- . 2020-11-14
& a7e7-06e6bbazsobb M350 Law th.googleusercontent com/a/AGNMy._. LT 1 2 Baex et 01:59:55 None Ry

Figure 48 : Screenshot of displaying first 5 relevant reviews.
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The count of reviews for each version of the app is mentioned in the
reviewCreatedVersion column. It indicates that the app has undergone multiple beta

versions, with Beta 20.6 having the highest number of reviews at 13.

df['reviewCreatedVersion'].value counts()

Beta 28.6 13
Beta 18.6 12
Beta 21.2 8
Beta 18.1

Beta 28.5 7
Beta 16.8 )
Beta 22.4 5
Beta 61.8 B
Beta 16.4 a
Beta 16.9 a
Beta 21.3 3
Beta 17.2 3
Beta 23.8 2
Beta 22.5 2
Beta 16.8 2z
Beta 53.8 2
Beta 43.1 2
Beta 68.1 2
Beta 68.8 2
Beta 28.4 2z
Beta 15.4 1
Beta 15.3 1
Beta 16.5 1
Beta 13.3 1
Beta 17.8 1
Beta 17.1 1
Beta 27.8 1
Beta 19.2 1
Beta 46.8 1
Beta 18.2 1
Beta 19.8 1
Beta 25.8 1
Beta 19.4 1
Beta 44.8 1
Beta 21.1 1
Beta 22.2 1
Beta 22.3 1
Beta 38.8 1
Beta 24.8 1
Beta 24.3 1
Beta 11.8 1
Mame: reviewCreatedversion, dtype: intéd

Figure 49 : Review counts for different created version.

Same step as previous tasks, a new column called result is added to the dataframe,

which contains the sentiment analysis output for each review.

from transformers import pipeline

sentiment analysis = pipeline("sentiment-
analysis",model="siebert/sentiment-roberta-large-english")
from transformers import AutoModelForSequenceClassification

from transformers import AutoTokenizer
df .dtypes
df['content'] = df['content'].astype('str')

df['result'] = df['content'].apply(lambda x:

sentiment analysis(x))

df .head ()
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rededd  userfame userlmage content scere thumbsUplount revievCreatedversion at replyContent repliedit

Figure 50 : New column called ‘Result’.

Same step as previous tasks, the resulting dataframe df now contains the original review
data along with the sentiment analysis results for each review.

df['sentiment']= df['result'].apply(lambda x: (x[0]['label']))
df['score']= df['result'].apply(lambda x: (x[0]['score']))

df .head()

18] df .head()

score thumbsUpCount revies Creat edversion at replyContent  repliedit result s

20191115 Dear
T

2019117
030810 000619

20220525
181871

20210401
04:4325
2023-01-20
19:57:11

20201114
015958

ih gongleusercantent.camya/AGNY

Figure 51 : Screenshot of first few rows of dataframe with the predicted sentiment and

score for each review.

Overall Sentiment Score (VADER): This score, with a value of approximately 0.2435,
indicates the average sentiment score of all the reviews in the dataset as calculated by
VADER. VADER suggests that, on average, the reviews in the dataset lean toward
expressing positive sentiment. The magnitude of 0.2435 indicates a moderately positive
sentiment.

Overall Sentiment Category (VADER): This category categorizes the overall sentiment
into "Positive," "Negative,” or "Neutral" based on the overall sentiment score provided
by VADER. VADER categorizes the overall sentiment as "Positive." This confirms

that, on average, the reviews express positive sentiment.
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Overall Sentiment Score (Transformer): This score, which is approximately 0.9879,
represents the average sentiment score of all the reviews in the dataset as calculated by
the Transformers sentiment analysis model. The high value of 0.9879 suggests that the
Transformer sentiment analysis model has assigned a very strong positive sentiment to
the reviews in the dataset. This indicates that the reviews are overwhelmingly positive

in nature according to the Transformers model.

Overall Sentiment Category (Transformer): Similar to VADER, this category is
determined based on the overall sentiment score provided by the Transformers model.
The Transformers model also categorizes the overall sentiment as "Positive." This

aligns with the high sentiment score it has assigned to the reviews.

Mean Sentiment Score (Transformer): This value, which is equal to 0.9879, represents
the average sentiment score specifically for the sentiment scores generated by the
Transformers model. The mean sentiment score of 0.9879 further confirms the very
strong positive sentiment within the dataset as determined by the Transformers model.

Sentiment Label Distribution (Transformer): This distribution shows the proportion of
reviews categorized into different sentiment labels by the Transformers model. The
distribution indicates that a majority of reviews (about 62.58%) are classified as
"Positive," while a significant proportion (about 37.42%) are classified as "Negative"
by the Transformers model. This breakdown provides insight into the distribution of

sentiment labels within the dataset.

In summary, both VADER and the Transformers model consistently indicate that the
reviews in the dataset are predominantly positive in sentiment. The Transformers model
assigns an extremely high sentiment score, suggesting a very strong positive sentiment.
# Analyze sentiment using NLTK's VADER

sia = SentimentIntensityAnalyzer ()

df ['Sentiment Score (VADER)'] = df['content'].apply(lambda x:

sia.polarity scores (x) ['compound'])

# Analyze sentiment using Transformers library

87
Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 3

df ['Sentiment Label (Transformer) '], df ['Sentiment
(Transformer) '] = zip (*df['content'].apply (lambda

sentiment analysis(x) [0].values()))

# Calculate the overall sentiment score

overall sentiment score vader = df ['Sentiment
(VADER) '] .mean ()

overall sentiment score transformer = df ['Sentiment
(Transformer) '] .mean ()

# Determine the overall sentiment category
def get sentiment category(score):
if score > 0O:
return 'Positive'
elif score < 0:
return 'Negative'
else:

return 'Neutral'

overall sentiment category vader
get sentiment category(overall sentiment score vader)

overall sentiment category transformer

Score

X3

Score

Score

get sentiment category(overall sentiment score transformer)

# Print overall sentiment results

print ('Overall Sentiment Score (VADER) : ',

overall sentiment score vader)

print ('Overall Sentiment Category (VADER) : ',

overall sentiment category vader)

print ('Overall Sentiment Score (Transformer) : ',

overall sentiment score transformer)

print ('Overall Sentiment Category (Transformer) : ',

overall sentiment category transformer)

# Calculate and print the mean score of the Transformer sentiment

analysis
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transformer mean score = df ['Sentiment Score
(Transformer) '] .mean ()
print ('Mean Sentiment Score (Transformer) :',

transformer mean score)

# Calculate and print the distribution of sentiment labels
sentiment label distribution = df ['Sentiment Label
(Transformer) '] .value counts (normalize=True)

print ('Sentiment Label Distribution (Transformer) :\n',

sentiment label distribution)

PrinTt( >SenTiment Lapel UlSTrlbuTlon (IransTormer):\n -, SenTtiment_lapel_dalsTrioution)

Overall Sentiment Score (VADER): ©.24350061349693253
Overall Sentiment Category (VADER): Positive
Overall Sentiment Score (Transformer): ©.9879232871751844
Overall Sentiment Category (Transformer): Positive
Mean Sentiment Score (Transformer): ©.9879232871751844
Sentiment Label Distribution (Transformer)

POSITIVE 2.625767
NEGATIVE 8.374233
Name: Sentiment Label (Transformer), dtype: floatéd

Figure 52 : Overall sentiment scores, categories, and additional statistics are
calculated by performing sentiment analysis using both VADER and the Transformers

library.

The mean sentiment score was calculated using the df'score’].mean() method, which

returned a score of 0.9879233167946704, indicating a highly positive overall sentiment.

df ['score'] .mean ()

The frequency of each sentiment label was determined using the
df['sentiment’].value_counts(normalize=True) method, which returned 62.58% positive

sentiment and 37.42% negative sentiment.

df ['sentiment'].value counts (normalize=True)

The count of each sentiment label was determined using the
df['sentiment’].value_counts() method, which returned 102 positive sentiment and 61

negative sentiment.

df ['sentiment'].value counts ()
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[19] df[‘score’].mean{}

B.08B7023316709467064

[28] df['sentiment'].walue_counts{normalize=True)

POSITIVE B.625767
MNEGATIVE B.3742332
Mame: sentiment, dtype: floatéd

[21] df["sentiment’].value_counts{)

POSITIVE 182
MNEGATIVE 61
Mame: sentiment, dtype: intéd

Figure 53 : Mean score, percentage distribution of sentiment labels and value count of

sentiment labels are calculated.

The histogram shows a visual representation of the distribution of the sentiment

categories in the reviews, 102 positive sentiment and 61 negative sentiment, with most

of them being positive.
df.hist ()

A ;
e © df hist(y

array( [[<Axes: title={'center’: ‘score’}s,
caxes: title={'center': 'thumbsUpCount'}>],
[<Axes: title={'center’: ‘at'}>,
<Axes: title={'center’: 'repliedAt'}:]], dtype=cbject)

score thumbsUpCount

100 A i

50 4 50

0 _,_4 O_L_,__,__

07 08 09 L0 0 5 10
at repliedAt

150 4

100 +

| il |

0- 0-
20RO EDPOPDEB PO 2D ZDZD23 2014201201601 20182012020

Figure 54 : Graph of score, thumbsupcount, at, repliedat.

fig = px.histogram(df, x='sentiment', color='sentiment',

text auto=True)

fig.show ()
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[23] flg - px.histogram(df, x-'sestineat’, calor-'sentisest’, text_suto-True)

serviment

Figure 55 : Histogram of sentiment reviews.

df.to csv('argpsdrive.csv')

3.4.2.1.7 AR GPS Navigation 2021 GPS Map

Code and Output

Same as the steps from previous task, reviews for the app AR GPS Navigation 2021
GPS Map is stored in the dataframe df, the first and last 5 rows of the DataFrame is
displayed respectively.

argpsnavigation2021 project =

reviews all( 'com.aip.gpsnavigation.drivingdirections.tracker'

, sleep milliseconds=0, lang ='EN',6 country='US',

sort=Sort.MOST RELEVANT)

df = pd.json normalize (argpsnavigation2021 project)

df .head()

171 df head()

revieddd usertame usermage content score thumbsiplount reviesCrestedversion at replycontent repliedit
8 chafB3iodic2 4780

38 557 20200210114807 Nane NaT

1 foa7cosesfar475491 /0500876072061 AGOOgRL Nane 0200408083818 hane N

5

5
2 Tc898t-6168-407-0757-C8939TVTHE  Maen 5 Nane
3 B4SHODCEI9de 45008508 c4af0BOZIRT  AGaoglews 5 Nane NaT
5

4 17131138 00124871 1814

Nane NaT

Figure 56 : Screenshot of displaying first 5 relevant reviews.

The result shows that version 6.5.8 has the most reviews with 27, followed by version
5.5.7 with 23 reviews. The remaining versions have varying numbers of reviews with
version 1.3.6 having the third highest count at 13 reviews. This information may be

useful for developers to identify trends or issues specific to certain app versions.
df ['reviewCreatedVersion'].value counts/()
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(;/ [2] df ["reviewCreatedversion’].value_counts()
s

e: reviewCrestedversion, dtype: intéd

Figure 57: Review counts for different created version.

The sentiment analysis pipeline is applied to each review in the ‘content’ column of the
DataFrame. The resulting sentiment analysis output is stored in a new column called
result'.

from transformers import pipeline

sentiment analysis = pipeline("sentiment-
analysis",model="siebert/sentiment-roberta-large-english")

from transformers import AutoModelForSequenceClassification

from transformers import AutoTokenizer
df .dtypes
df ['content'] = df['content'].astype('str')

df['result'] = df['content'].apply(lambda x:

sentiment analysis (x))

df.head ()
[14] Jhaad
0 : " say OO ar
| : S
o8 e 749 r;.:l’:i::l“ NAWAB  hiipsdipley-h googleusereoner o . ;n;:e;i;| r

Figure 58 : New column called ‘Result’.
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Two new columns are created in the DataFrame, 'sentiment' and 'score’, to store the

sentiment label and score respectively.

df['sentiment']= df['result'].apply(lambda x: (x[0]['label']))
df['score']= df['result'].apply(lambda x: (x[0]['score']))
df.head()

at replyContent repliedit result sentiment

AGoogle Intps#piay-  Sygic-GPS

plar 2020-02-10
user In googleusercontent.com/EGemol2N.

114607 Mone MaT

20200408
18

reontent com/EGemol2N.

ABoogle https:iipiay

Voice nar u 202004
0598908 5 65
user In.googleusercontent comyEGemol2h. el N =

Figure 59 ; Screenshot of first few rows of dataframe with the predicted sentiment and

score for each review.

Overall Sentiment Score (VADER): This score, with a value of approximately 0.5721,
indicates the average sentiment score of all the reviews in the dataset as calculated by
VADER. VADER suggests that, on average, the reviews in the dataset lean strongly
toward expressing positive sentiment. The magnitude of 0.5721 indicates a highly

positive sentiment.

Overall Sentiment Category (VADER): This category categorizes the overall sentiment
into "Positive," "Negative," or "Neutral" based on the overall sentiment score provided
by VADER. VADER categorizes the overall sentiment as "Positive." This confirms

that, on average, the reviews express strong positive sentiment.

Overall Sentiment Score (Transformer): This score, which is approximately 0.9965,
represents the average sentiment score of all the reviews in the dataset as calculated by
the Transformers sentiment analysis model. The very high value of 0.9965 suggests that
the Transformer sentiment analysis model has assigned an extremely strong positive
sentiment to the reviews in the dataset. This indicates that the reviews are

overwhelmingly positive in nature according to the Transformers model.

Overall Sentiment Category (Transformer): Similar to VADER, this category is

determined based on the overall sentiment score provided by the Transformers model.
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The Transformers model also categorizes the overall sentiment as "Positive.” This

aligns with the very high sentiment score it has assigned to the reviews.

Mean Sentiment Score (Transformer): This value, which is equal to 0.9965, represents
the average sentiment score specifically for the sentiment scores generated by the
Transformers model. The mean sentiment score of 0.9965 further confirms the
extremely strong positive sentiment within the dataset as determined by the

Transformers model.

Sentiment Label Distribution (Transformer): This distribution shows the proportion of
reviews categorized into different sentiment labels by the Transformers model. The
distribution indicates that a vast majority of reviews (about 85.66%) are classified as
"Positive," while a smaller proportion (about 14.34%) are classified as "Negative" by
the Transformers model. This breakdown provides insight into the distribution of

sentiment labels within the dataset.

In summary, both VADER and the Transformers model consistently indicate that the
reviews in the dataset are overwhelmingly positive in sentiment. The Transformers
model assigns an extremely high sentiment score, suggesting an extremely strong
positive sentiment.

# Analyze sentiment using NLTK's VADER

sia = SentimentIntensityAnalyzer ()

df['Sentiment Score (VADER)'] = df['content'].apply(lambda x:

sia.polarity scores(x) ['compound'])

# Analyze sentiment using Transformers library
df ['Sentiment Label (Transformer) '], df ['Sentiment Score
(Transformer) '] = zip (*df['content'] .apply (lambda X:

sentiment analysis(x) [0].values()))

# Calculate the overall sentiment score
overall sentiment score vader = df ['Sentiment Score

(VADER) '] .mean ()

overall sentiment score transformer df ['Sentiment Score

(Transformer) '] .mean ()
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# Determine the overall sentiment category
def get sentiment category (score):
if score > O:
return 'Positive'
elif score < 0:
return 'Negative'
else:

return 'Neutral'

overall sentiment category vader =
get sentiment category(overall sentiment score vader)
overall sentiment category transformer =

get sentiment category(overall sentiment score transformer)

# Print overall sentiment results

print ('Overall Sentiment Score (VADER) : ',
overall sentiment score vader)

print ('Overall Sentiment Category (VADER) : ',
overall sentiment category vader)

print ('Overall Sentiment Score (Transformer) : ',
overall sentiment score transformer)

print ('Overall Sentiment Category (Transformer) : ',

overall sentiment category transformer)

# Calculate and print the mean score of the Transformer sentiment

analysis

transformer mean score = df ['Sentiment Score
(Transformer) '] .mean ()

print ('Mean Sentiment Score (Transformer) :',

transformer mean score)

# Calculate and print the distribution of sentiment labels

sentiment label distribution = df ['Sentiment Label
(Transformer) '] .value counts (normalize=True)
print ('Sentiment Label Distribution (Transformer) :\n',

sentiment label distribution)
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print(-Sentiment Label D1stribution (Transtormer):\n’, sentiment_label_dit

Overall Sentiment Score (VADER): ©.5720622641589434
Overall Sentiment Category (VADER): Positive
Overall Sentiment Score (Transformer): ©.9964981623415677
Overall Sentiment Category (Transformer): Positive
Mean Sentiment Score (Transformer): ©.9964981623415677
Sentiment Label Distribution (Transformer):

POSITIVE 8.856684
NEGATIVE ©.143396
Name: Sentiment Label (Transformer), dtype: floatéd

Figure 60 : Overall sentiment scores, categories, and additional statistics are
calculated by performing sentiment analysis using both VADER and the Transformers

library.

The output dff'score’].mean() shows the mean sentiment score of all the reviews in the
DataFrame df, which is 0.9965. This suggests that most reviews in the dataset are
positive.

df['score'] .mean ()

The output df['sentiment’].value_counts(normalize=True) shows the percentage of
positive and negative reviews in the dataset. About 85.77% of the reviews are positive,

while about 14.23% are negative.

df ['sentiment'].value counts (normalize=True)

The output df['sentiment’].value_counts() shows the count of positive and negative
reviews in the dataset. There are 229 positive reviews and 38 negative reviews in the

dataset.

df ['sentiment'].value counts ()

v o o
“ ° df['score ].maan()l

@.9965181988537957

oJ [19] df['sentiment’].wvalue_counts(normallze=True)
s

POSITIVE 8.857678
MEGATIVE . 142322
Mame: sentiment, dtype: floatéd

L;’ [28] df['sentiment’].value_counts()
s

POSITIVE 249
MEGATIVE 38
Mame: sentiment, dtype: inted

Figure 61 : Mean score, percentage distribution of sentiment labels and value count of
sentiment labels are calculated.

The resulting histogram shows that the majority of the reviews are positive, with 229

positive reviews and only 38 negative reviews.
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df.hist ()

¥ [21] df.histQ)

array([[<Ax ‘score’}s,
<A “thumbsUpCount "3 1,
[ cAxs t

caxes: ti

at'h,
‘repliedat}>]], dtype=object)

thumbsUpCount

200 4 I
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at repliedAt
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o il
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Figure 62 : Graph of score, thumbsupcount, at, repliedat.

fig = px.histogram(df, x='sentiment', color='sentiment',

text auto=True)

fig.show ()

213 fig.show)

Figure 63 : Histogram of sentiment reviews.

df.to _csv('argpsnavigation202lgpsmap.csv')

3.4.2.2 Topic Modelling

3.4.2.2.1 Install and Import Necessary Libraries
Install the required libraries using !pip install commands.
!pip install google play scraper

!pip install sklearn

'pip install pyldavis

#!pip install -g google play scraper #Scraping reviews
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Import the required libraries.

import pandas as pd

from google play scraper.features.reviews import Sort,
reviews all, reviews

from sklearn.feature extraction.text import CountVectorizer
from sklearn.decomposition import LatentDirichletAllocation

#from sklearn.feature extraction.text import TfidfVectorizer

import numpy as np

import gensim #the library for Topic modelling

from gensim.models.ldamulticore import LdaMulticore
from gensim import corpora, models

import pyLDAvis.gensim #LDA visualization library

import nltk
from nltk.corpus import stopwords
import string

from nltk.stem.wordnet import WordNetLemmatizer

import warnings
warnings.simplefilter ('ignore')

from itertools import chain

3.4.2.2.2 Existing AR Real-Time Navigation Apps

3.4.2.2.2.1 Pinn AR

Coding and Output
The textual reviews of the PinnAR app from the Google Play Store is scraped using
reviews_all function from google play scraper. reviews all returns a list of

dictionaries, where each dictionary corresponds to a single review.
pinnar project =
reviews all( 'Jjp.co.telecomsquare.app.pinnar',

sleep milliseconds=0, lang ='EN', country='US")

98

Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 3

A Pandas DataFrame is created from the list of dictionaries using pd.DataFrame

function.

df = pd.DataFrame (pinnar project)

The summary statistics of the reviews are computed, such as the total number of textual
reviews, the number of unique users, the number of unknown users, and the average
rating.

df = pd.DataFrame (pinnar project)

# Get the list of users who left more than one review
multiple reviewers =
df ['userName'] .value counts () [df['userName'].value counts() >

1] .index.tolist ()

unique users = len(df['userName'].unique())
unknown users = len(df[df['userName'] == 'A Google user'])
total reviews = len(df)

# Analyze and print information about the reviews and users

if
len(df['userName'] .value counts () [df['userName'].value counts (
) > 1].index.tolist()) > O:

multiple reviewers =
df ['userName'] .value counts() [df['userName'].value counts() >

1].index.tolist ()

num multiple reviews =

len(df[df['userName'] .isin(multiple reviewers)] ['userName'] .un
ique())
else:
num multiple reviews = 0
mean = df['score'].mean ()

# Print the results
print (f'Total textual reviews: {len(pinnar project)}')
print (f'Total unique users: {unique users}')
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print (f'Total unknown users: {unknown users}')

print (f'Total users who gave multiple reviews:

{num multiple reviews}')

print (f'Average rating for this app based on the textual

reviews: {round (mean, 2)}"'")

PriNT(T 10TAl TEXTUAal reviews: {len(pilnnar_project); )
print(f'Total unique users: {unique_users}')

print(f'Total unknown users: {unknown_users}')

print(f'Total users who gave multiple reviews: {num_multiple_reviews}')
print(f'Average rating for this app based on the textual reviews: {round(mean, :

Total textual reviews: 12

Total unique users: 4

Total unknown users: 9

Total users who gave multiple reviews: 1

Average rating for this app based on the textual reviews: 3.5

Figure 64 : Summary statistics of the reviews.

Total textual reviews of 12 indicates the total number of reviews that were scraped for
the app with the given app ID.The total unique users of 4 indicates the number of unique
users who left reviews for the app. This means that out of the 12 reviews, only 4 of
them were left by unique users. The total unknown users of 9 indicates the number of
reviews left by users who did not provide a username. These users are listed as "A
Google user" in the review. In this case, 9 out of the 12 reviews were left by unknown
users. The total users who gave multiple reviews of -lindicates the number of users
who left more than one review for the app. There is total of one user who left more than
one review for the app. The modified code uses the value_counts method to count the
number of reviews left by each user, and then filters the DataFrame to only include
reviews left by users who left more than one review. In this case, the count is 1, which
means that only one user left multiple reviews for the app.The average rating for this
app based on the textual reviews which is 3.5 indicates the average rating for the app
based on the reviews that were scraped. The rating is out of 5 stars and is calculated as

the mean of the "score™ values in the dataset. In this case, the average rating is 3.5 stars.

The reviews based on the ratings that are less than or equal to 3 and have a length of at

least 30 characters are filtered.

# Filter reviews with ratings less than or equal to 3 and
content length greater than or equal to 30

df tm = df[df['score']<=3]

df tm = df tm[df tm.content.str.len()>=30]
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print (f'Remaining textual reviews: {len(df tm)} \n"')

[4] # Filter reviews with ratings less than or equal to 3 and content length greater than or equal to 3@
df_tm = df[df[ 'score’]<=3]
df_tm = df_tm[df_tm.content.str.len()>=36]
print(f'Remaining textual reviews: {len(df_tm)} \n')

Remaining textual reviews: 2

Figure 65 : Reviews less than 4.

The remaining textual reviews of 2 indicates that there are only 2 reviews in the filtered
DataFrame that meet these criteria. So out of all the reviews for the app, only 2 have a
score of 3 or less and have a text content length of at least 30 characters. This
information indicates that the majority of reviews may be positive and/or have

relatively short text content.

The relevant columns are selected, dropped the duplicates and missing values, and reset
the index of the filtered DataFrame.

# Get relevant columns and drop duplicates and missing values
df tm = df tm[['reviewId',6 'content']].drop duplicates()

df tm.dropna (inplace=True)

df tm = df tm.reset index() .drop(columns='index")

print (f'Remaining textual reviews: {len(df tm)} \n')

df_tm = df_tm[['reviewId', content']].drop_duplicates()
df_tm.dropna{inplace=True}

df_tm = df_tm.reset_index{).drop{columns="1ndex"}
print{f'Remaining textual reviews: {len{df_tm)} “n")

Remaining textual reviews: 2

Figure 66 : Remaining textual reviews which are less than 4.

The remaining textual reviews of 2 indicates the number of rows remaining in the
DataFrame after these operations have been performed. In this case, there are only 2
reviews left in the DataFrame that meet the criteria of having a score less than or equal
to 3 and a content length of at least 30 characters. The output indicates that after
removing reviews with low ratings and short content, there are only 2 remaining textual
reviews. The final dataframe only contains the 'reviewld' and 'content’ columns, with

any duplicate rows and missing values removed.
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A CountVectorizer object is created with a maximum document frequency of 0.95, a
minimum document frequency of 1, and English stop words. The CountVectorizer is
then used to fit and transform the text data in the DataFrame df_tm into a document-
term matrix (dtm). The feature names are obtained from the CountVectorizer object.
Finally, the first 20 feature names are printed using the list() and slice [:20] functions.
The output shows the 20 feature names (words) that appear first in the vocabulary, in

alphabetical order.

# create CountVectorizer object
cv = CountVectorizer (max df=0.95, min df=1,

stop words='english')

# fit and transform the text data

dtm = cv.fit transform(df tm['content'])

# Get feature names

feature names = cv.get feature names out ()

# print the feature names

print (list (feature names) [:20])

Figure 67 : 20 feature names that appear first in the vocabulary in alphabetical order.

LDA is a generative statistical model used to find topics within a large corpus of text
data. It assumes that each document in the corpus is a mixture of several topics and that
each topic is a distribution over a set of words. The goal of LDA is to infer the
underlying topic structure in the corpus by learning the topic distributions and
document distributions. The top 20 most important features for each of the two

identified topics are printed.
# Perform Latent Dirichlet Allocation (LDA) topic modeling
LDA = LatentDirichletAllocation(n components=2,random state=1)

LDA.fit (dtm)
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° # Perform Latent Dirichlet Allccation (LDA) topic modeling
LDA = LatentDirichletAllocation(n_components=2,random_state=1)
LDA.fit(dtm)

LatentDirichletAllocation

LatentDirichletAllocation{n_components=2, random_state=1)

Figure 68 : Instantiation of a Latent Dirichlet Allocation (LDA) model.

The output result LatentDirichletAllocation(n_components=2, random_state=1) is the
instantiation of a Latent Dirichlet Allocation (LDA) model with 2 topics and a random
state of 1, means that the algorithm will try to identify 2 different sets of words that
represent distinct topics in the text data. The random_state parameter is used to ensure

that the results of the model are reproducible.

# Print the top words for each topic

for index, topic in enumerate (LDA.components ):
print (£’ topic #{index} : ‘)

print ([list (feature names) [1] for I in topic.argsort() [-

Figure 69 :Top 20 words in each of the topics learned by the Latent Dirichlet
Allocation (LDA) model.

The output is the top 20 words in each of the two topics learned by the Latent Dirichlet
Allocation (LDA) model. Each line corresponds to one topic, and the words are listed
in descending order of importance to that topic, based on their relative frequency in the
textual reviews. In the first topic, the most important words are ‘circling’, 'google’,
‘permission’, 'official’, ‘access', ‘unrelated’, 'use’, ‘prefer’, ‘camera’, ‘'map’, 'register', 'best’,
‘application’, 'device', 'user', ‘functionslities’, 'needs’, ‘granting’, 'membership’, and
'moment’. These words suggest that this topic may be related to issues with app
permissions, device compatibility, and user experience. In the second topic, the most
important words are 'membership’, ‘functionslities’, 'user', 'google’, 'official’, 'use',
‘prefer’, 'register’, 'map’, 'doesn’, 'unrelated’, ‘access', ‘permission’, ‘circling’, 'just’, ‘work’,
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‘camera’, 'best’, 'application’, and ‘device'. These words suggest that this topic may be

related to user accounts and preferences, with issues such as registration, unrelated

functions, and app functionality. Overall, these topics provide insights into some of the

common themes and issues that users have encountered with the app, based on the

textual reviews.

The LDA model is used to transform the document-term matrix into a topic probability

matrix (topic_results). The topic probability matrix is then merged with the original

DataFrame (df) and saved as a new CSV file.

# Transform documents into topic space

topic results = LDA.transform(dtm)

df topic results = pd.DataFrame (topic results, columns=][
'0_Permission and Functionality', #user permission and
access control

'l Membership and user experience' {#Mobile Navigation Best
Practices (performance optimization, usability testing, and
quality assurance.)

1)

# Merge topic results with the original DataFrame

df result = pd.merge(df tm, df topic results, how='inner',
left index=True, right index=True )

df output = pd.merge (df, df result, how='left',

on=[ 'reviewId', 'content' ])

df output.to csv('pinnar topmod.csv')
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Figure 70 : CSV file with topic probability matrix.

PinnAR CSV link:
https://drive.google.com/file/d/1pfnRPGvIhCaKjtlgNHgiLmBhcleZTY Qi/view?usp=

sharing

The NLTK stop words and WordNetLemmatizer are downloaded and used to clean the
text data in the DataFrame df by removing stop words and punctuation, and

lemmatizing the remaining words.
# Download NLTK resources
nltk.download ('stopwords"')
nltk.download ('wordnet')

o [1g) topic_results - LDA.transform(dtm)
o df_topic_results = pd.DataFrame(topic_results, columns=[
“@_Permission and Functionality', #user permission and access control
*1_Membership and user experience' #flobile Navigation Best Practices(performance optimization, usability testing, and quality assurance.)

Il

df_result - pd.merge(df_tm, df_topic_results, how='inner’, left_index=True, right_index-True )
df_output - pd.merge(df, df_result, how="left’, on=[ ‘reviewId’,content’ ])
df_output.to_csv({"plnnar_topmod.csv')

¥ [11] nltk.download{"stopwords")
nltk.download{ wordnet )

[nltk_data] Downloading package stopmords to /root/nltk_data...
[nltk_data]  Unzipping corpora/stopmords.zip.

[nltk_data] Downloading package wordnet to /root/nltk_data...
True

Figure 71 : Download of NLTK stop words and WordNetLemmatizer.

# Clean the text data using NLTK
stop = set (stopwords.words ('english'))

exclude = set(string.punctuation)
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lemma = WordNetLemmatizer ()

def clean (text):
if isinstance (text, str): # Check if input is a string
stop free = ' '.join([word for word in
text.lower () .split() if word not in stopl])
punc_free = ''.join(ch for ch in stop free if ch not
in exclude)
normalized = ' '.join([lemma.lemmatize (word) for word
in punc_ free.split()])
return normalized
else:

return

df ['text clean']=df['content'].apply(clean)
df

HORG MOAN

Figure 72 : Text data that are cleaned.

The BOW matrix is a numerical representation of the corpus where each row
corresponds to a document and each column corresponds to a unique word in the corpus.
The values in the matrix represent the frequency of occurrence of the corresponding
word in the corresponding document. In this case, the dictionary.num_nnz method from
the gensim library is used to calculate the number of non-zeroes in the BOW matrix. A

Gensim dictionary is created from the cleaned text data in the DataFrame df.

# Create a dictionary from the cleaned text data
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texts = [list(gensim.utils.tokenize (text)) for text in
df ['text clean']]

dictionary = corpora.Dictionary (texts)

# Print the number of non-zero entries in the BOW matrix

print (dictionary.num nnz)

19] # Create a dictionary from the cleaned text data
texts = [list{gensim.utils.tokenize(text)) for text in df['text_clean']]
dictionary = corpora.Dictionary(texts)

# Print the number of non-zero entries in the BOW matrix
print(dictionary.num_nnz)

#from gensim.utils import tokenize

H#texts = [list(tokenize(text)) for text in df['text clean']]
#dictionary = corpora.Dictionary (texts)
#print{dictionary.num_nnz)

58

Figure 73 : Dictionary is created.

The output 58 corresponds to the total number of non-zeroes in the Bag-of-Words
(BOW) matrix for the entire corpus. In other words, The sum of the number of unique

words per document over the entire corpus is 58.

A document-term matrix is created from the cleaned text data in the DataFrame df using

the Gensim dictionary.

#create document term matrix

doc_term matrix = [dictionary.doc2bow(doc.split()) for doc in
df['text clean'] ]

print (len(doc term matrix))

Create document term matrix

0’ [15] #create document term matrix
5
doc_term_matrix = [dictlonary.doc2bow{doc.=plit()) for doc in df['text_clean'] ]
print{len{doc_term_matrix))

12

Figure 74 : Document term matrix is created.

The output indicates that the document-term matrix has been created from the
preprocessed text data. There are 12 documents in the matrix, which means that there
are 12 reviews in the preprocessed data. Each document is represented as a list of tuples

where each tuple contains a term ID and the frequency of that term in the document.

107
Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 3

The term IDs are generated by the dictionary created in the previous step, where each

unique term in the corpus is assigned a unique ID.

The LDA model is instantiated using the ldamodel.LdaModel class from the gensim
library.
# Instantiate and fit an LDA model

lda = gensim.models.ldamodel.LdaModel

The LDA model is fitted on the dataset. | have passed the following parameters to the
LDA model:

doc_term_matrix: The document-term matrix containing the frequency of terms in each
document.

num_topics: The number of topics to identify in the dataset.

id2word: The dictionary mapping of term IDs to words.

passes: The number of passes to perform over the dataset.

minimum_probability: The minimum probability required for a document to be
assigned to a topic.

An LDA model is instantiated with the specified number of topics (num_topics = 2).
The LDA function from the Ida library is used to fit an LDA model to the document
term matrix doc_term_matrix. The id2word parameter is set to the dictionary object
that we created earlier, and the minimum_probability parameter is set to 0 so that all
topics are included in the output. The passes parameter is set to 50 to ensure that the

model has enough iterations to converge.

#Fit LDA model on the dataset

num_ topics = 2

ldamodel = lda(doc_term matrix, num topics=num topics,

id2word=dictionary, passes=50, minimum probability=0)

[22] 1da = gensim.models.ldanodel . LdaModel

Fit LDA model on the dataset

° num_topics = 2
ldamodel = lda(doc_term_matrix, num_topics=num_topics, id2word=dictionary, passes=50, minimum_probability=0)

Figure 75 : LDA Model is instantiated and fit on the dataset.

The CPU times show the time spent by the processor to run the code, while the Wall

time indicates the total amount of time taken to run the code, including time spent
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waiting for input/output (I/O) operations. In this case, the model was trained relatively
quickly, with a Wall time of 240 milliseconds. However, the actual running time may
depend on various factors, such as the size of the corpus, the number of topics, and the
complexity of the LDA model.

The topics identified by the LDA model are printed.
# Print the topics identified by the LDA model

ldamodel.print topics (num topics=num_ topics)

18] ldamodel.print_toplcs{num_toplcs=num_topics)

[

'9.872%"map” + 8.848%"need” + B.940%"user” + 8.84B%"use” + ©.840*"work™ + ©.039%"good” + B.B24* functionslities” + B.824%*"access” + 8.924*"application™ + B.824* momen 7y,
1

*9.050%"need” + 8.631%"best” + 0.831*"gps" + 0.831%"ar" + B.031*"ul" + 0.631%north" + 8.831*"dark” + ©.031%"facing” + ©.831*"fast” + ©.831*"compass"")]

Figure 76 : 10 words contributed to each topic identified.

The output shows the top 10 words that contribute the most to each topic. Overall, the
LDA model was able to identify distinct topics in the text data, and the top words for

each topic give us an idea of the main themes in the reviews.

The LDA model results are visualized using the pyLDAwis library. The LDA model,
document-term matrix, dictionary, and mds='mmds' parameter are passed to the
pyLDAvis.gensim.prepare function to prepare the data for visualization. The

pyLDAvis.display function is used to display the interative visualization.

The visualization is divided into three main parts: the left panel shows a plot of the
topics, the right panel shows a plot of the selected topic, and the central panel shows a

list of the most relevant terms for the selected topic.

The left panel is an intertopic distance map that shows the distance between different
topics in the topic space. Each circle represents a topic, and the distance between the
circles indicates the similarity between the topics. The size of the circle represents the

prevalence of the topic in the corpus.

The right panel shows a plot of the selected topic. The plot has two axes, PC1 and PC2,
which represent the two main dimensions of the topic. The plot shows the distribution
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of the terms within the topic, and the size of each term represents its prevalence in the
topic. The plot also shows the relevance of each term to the topic, which is calculated

using the saliency metric.

The central panel shows a list of the most relevant terms for the selected topic. The
terms are ranked based on their relevance to the topic, and the bar on the right side of

each term represents its prevalence in the corpus.

Overall, the visualization provides a way to explore the topics and the relationships
between them, which is a useful tool for analyzing and interpreting the results of a topic

model.

#Visualize the LDA model results

lda display = pyLDAvis.gensim.prepare (ldamodel,

doc term matrix, dictionary, sort topics=False, mds='mmds')

pyLDAvis.display(lda display)

| have interpreted the dispersion of topics in an Intertopic Distance Map and found out
the two topics are farther apart on the map, they are more distinct and have different
word distributions. This indicates that these topics may represent different themes or
aspects of the dataset. For example, one topic may focus on the usability of the compass
app, while another distant topic could concentrate on the app's visual design or specific

features.

The graph is generated by an LDA (Latent Dirichlet Allocation) topic modeling process.
It includes two topics (0 and 1), each represented by the top 30 most relevant terms

associated with that topic.
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Figure 78 : Keywords for topic 0.

The keywords for topic 0 included map, need, user, use, work, good, functionalities,
access, application, moment and etc. The highest frequency term in Topic 0 is "map"
with a probability of 0.072. This topic appears to be focused on map-related
applications or functionalities. The other terms like "need,” "user,” "use,” and "work"
suggest a discussion around user needs, the usage of a map-related application, and its
performance. The term "good" implies that the discussed application might be well-
regarded. This topic appears to be about map-based applications, their usage, and how
they address user needs. The discussion highlights the app’s good performance, various

functionalities, and ease of access.
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Figure 79 : Keywords for topic 1.

The keywords for topic 1 included need, best, gps, ar, ui, north, dark, facing, fast,
compass and etc. The highest frequency term in Topic 1 is "need" with a probability of
0.050. This topic seems to be centered around identifying the best features or tools
required for a specific purpose. The terms "best,” "gps," "ar,” "ui,” "north," "dark,"
"facing,” "fast,” and "compass" indicate that this topic could be discussing the best GPS
and compass applications with a focus on augmented reality, user interface, and
performance aspects. This topic focuses on the best compass apps with GPS and
augmented reality (AR) features. It also touches on user interface (Ul) elements, the
ability to show cardinal directions like north, and the app's responsiveness or speed.

I have found which articles were marked in which cluster by using the LDA model
results. | have also passed the document-term matrix to the LDA model to get the topic
probabilities for each document. | then extract the scores for each document for each
topic and find the threshold by taking the average of all scores. | used a list
comprehension to extract the indices of the articles that are marked in each cluster. |

extracted the articles that have a score greater than the threshold for each cluster.
#Find which articles were marked in which cluster
# Assigns the topics to the documents in corpus

lda corpus = ldamodel[doc term matrix]

[doc for doc in lda_ corpus]
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Find which articles were marked in which cluster

~ [28] # Assigns the toplcs to the documents in corpus

&

: [21] [doc for doc in lda_corpus]
s

[[{&, 8.2657181), (1, &.73428004)],
[(8, ©.2569789), (1, ©.74382113)],
[{@, ©.8586645), (1, @.14133547)],
[{@, ©.8275408), (1, 6.17245816)],
[{&, 8.173798532), (1, B.82628144)],
[{@&, 0.164841816), (1, @.805158095)],
[{@&, ©.13288268), (1, B.86711735)1],
[{@&, ©.26573896), (1, B.734261841],
[{@&, ©.823197453), (1, @.9768025%],
[{&, 8.74189836), (1, B.25808064)1],
[{@, 0.17365234), (1, B.8263477)],
[(@&, ©.0718344), (1, 6.@822165558)1]]

Figure 80 : List of topic probability of each document.

The output shows the topic distribution for each document in the corpus. Each
document is represented as a list of tuples where the first element of the tuple is the
topic number and the second element is the corresponding probability score. For
example, the first document has a high probability for topic 1 (0.73428994) and a lower
probability for topic 0 (0.2657171).1t indicates that in the first document, there is a 75%
probability that it belongs to topic 1 and a 25% probability that it belongs to topic O.

The list of topic probabilities for each document are flattened in lda_corpus and stores
them in scores. This creates a single list of all topic probabilities for all documents.

Next, the threshold is calculated for topic relevance. This is done by computing the
average of all the topic probabilities in cscores and storing it in threshold. This threshold
can be used to filter out topics that are not considered relevant enough. The threshold

value is approximately 0.5.
scores = list(chain(*[[score for topic id,score in topic] \
for topic in [doc for doc in

lda corpus]]))

threshold = sum(scores)/len (scores)

print (threshold)

: [22] scores = list{chain{*[[score for toplc_id,score in topic]
) for topic in [doc for doc in lda_corpus]]h)

threshold = sum{scores)/len(scores)
print{threshold)

&.400000000054 26886

Figure 81 : Threshold calculated for topic relevance.
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The code is using the previously defined LDA model to cluster the documents in df into
two clusters based on the topic probabilities in Ida_corpus.

The clusterl list contains the index of documents that have a higher probability for topic
0, and cluster2 contains the index of documents that have a higher probability for topic
1. In this case, both clusters have an equal number of documents, with 6 documents in
each cluster.

clusterl = [j for i,3j in zip(lda corpus,df.index) if i[0][1] >
threshold]

cluster2 = [j for i,J in zip(lda corpus,df.index) if i[1l][1] >
threshold]

#cluster3 = [j for i,]j in zip(lda corpus,df.index) if

i[2][1] > threshold]

# clusterd4d = [J for i,j in zip(lda corpus,df.index) if

i[3]1[1] > threshold]

# clusterb = [J for i,J in zip(lda corpus,df.index) 1if

i[4][1] > threshold]

The number of articles are printed in each cluster.
print (len(clusterl))

print (len(cluster?2))

#print (len(cluster3d))

# print (len(clusterd))

# print (len(clusterb))

0’ [22] clusteri = [§ for i, in zip(lda_corpus,df.index) if i[&
: cluster2 = [§ for i,j in zip(lda_corpus,df.index) if i[1

1[1] > threshold]
101
#cluster3 = [§ for i, in zip(lda_corpus,df.index) if i[2][1
211
[411

5> threshold]
] » threshold]
1] » threshold]
1] > threshold]

# clusterd = [ for 1,J in zip{lda_corpus,df.index) if i
# clusters = [ for 1,3 in zip(lda_corpus,df.index) if 1
print{len{cluster1))

print(len(cluster2))

#print (len(cluster3y)

# print{len(clusterd})

# print{len(cluster5))

4
8

Figure 82 : Number of articles printed in each cluster.

The articles that are marked in each cluster are printed by passing the list of indices to

the iloc function of the pandas DataFrame.
df.iloc[clusterl]
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df.iloc[cluster?]

::::::::: thumbsUpCount  revieuCreat adversion at replyContemt replisdit taxt_clean

eed offline pinar

RN EOER

content score Thusbsupcount reviewcres repliedt text_clean

Figure 83 : Articles of each cluster are printed.

Conclusion

In conclusion, the LDA topic modeling process has generated two distinct topics from
the provided text. Topic O seems to revolve around map-related applications or
functionalities, discussing user needs, usage, and performance. Topic 1, on the other
hand, appears to focus on identifying the best features or tools required for a specific
purpose, such as GPS and compass applications, with an emphasis on augmented reality,

user interface, and performance aspects.

Based on these topics, it can be inferred that the analyzed text is discussing navigation-
related applications, their features, and user experience. The emphasis on user needs
and performance suggests that the text aims to highlight and compare the best solutions
or tools in this domain.

3.4.2.2.2.2 AR GPS Compass Map 3D

Coding and Output

The reviews data of the app are retrieved using the "reviews_all" function from a
package called "google-play-scraper".

argpscompassmap3d project =

reviews all( 'com.kettler.argpsc3d', sleep milliseconds=0,

lang ="'EN', country='US")
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The data is then converted into a pandas DataFrame object named "df". The data is then

converted into a pandas DataFrame object named "df".

df = pd.DataFrame (argpscompassmap3d project)

# Get the list of users who left more than one review
multiple reviewers =
df ['userName'] .value counts() [df['userName'].value counts() >

1].index.tolist ()

unique users = len(df['userName'].unique ())
unknown users = len(df[df['userName'] == 'A Google user'])
total reviews = len (df)

# Analyze and print information about the reviews and users

if
len(df['userName'] .value counts () [df['userName'].value counts (
) > 1].index.tolist()) > O:

multiple reviewers =
df ['userName'] .value counts () [df['userName'].value counts() >

1] .index.tolist ()

num multiple reviews =

len (df[df['userName'].isin(multiple reviewers)]['userName'].un
ique())
else:
num multiple reviews = 0
mean = df['score'].mean ()

# Print the results

print (f'Total textual reviews: {len(pinnar project)}")
print (f'Total unique users: {unique users}')

print (f'Total unknown users: {unknown users}')

print (f'Total users who gave multiple reviews:

{num multiple reviews}')

print (f'Average rating for this app based on the textual

reviews: {round(mean, 2)1}")
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[» Total textusl reviews: 464
Total unique users: 79
Total unknown users: 386
Total users who gave multiple reviews: 1
Average rating for this app based on the textusl reviews: 4.46

Figure 84 : Summary statistics of the reviews.

The total number of reviews that were retrieved by the reviews_all function for the
specified app, which is 464. There is total of 79 unique users who left a review for the
app. It is calculated by counting the number of distinct user names in the review data.
This means that out of the 464 reviews retrieved, there were only 79 unique users who
left them. Total of 386 unknown users who left the reviews without providing their
username. It is calculated by counting the number of reviews where the userName field
is equal to 'A Google user'. This means that out of the 464 reviews retrieved, there were
386 reviews where the user did not provide a username. There is total of one user who
left more than one review for the app. The modified code uses the value_counts method
to count the number of reviews left by each user, and then filters the DataFrame to only
include reviews left by users who left more than one review. In this case, the count is
1, which means that only one user left multiple reviews for the app. The average rating
of 4.46 of the app are showed based on the reviews left by users. It is calculated by
taking the mean of the score field in the review data, which represents the rating of the
app on a scale of 1 to 5. The output shows that the average rating is 4.46, rounded to
two decimal places. This means that the app has a relatively high average rating based

on the reviews left by users.

The code then filters out the reviews that have a rating less than or equal to 3 and have
a minimum length of 30 characters.

# Filter reviews with ratings less than or equal to 3 and
content length greater than or equal to 30

df tm = df[df['score']<=3]

df tm = df tm[df tm.content.str.len()>=30]

print (f'Remaining textual reviews: {len(df tm)} \n')

Remaining textual reviews: 38

Figure 85 : Reviews less than 4.

The relevant columns, i.e., 'reviewld' and ‘content’, are selected, and duplicates and null

values are removed.
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# Get relevant columns and drop duplicates and missing values
df tm = df tm[['reviewId',6 'content']].drop duplicates ()

df tm.dropna(inplace=True)

df tm = df tm.reset index().drop(columns='index')

print (f'Remaining textual reviews: {len(df tm)} \n')

Remaining textual reviews: 38

Figure 86 : Remaining textual reviews which are less than 4.

The CountVectorizer object from scikit-learn is initialized with some hyperparameters
such as the maximum document frequency, minimum document frequency, and stop
words. The text data is then fitted and transformed using the CountVectorizer object,
resulting in a document-term matrix. The feature names of the document-term matrix

are extracted from the CountVectorizer object.
# create CountVectorizer object
cv = CountVectorizer (max df=0.95, min df=2,

stop words='english')

# fit and transform the text data

dtm = cv.fit transform(df tm['content'])

# get feature names from CountVectorizer object

feature names = cv.vocabulary .keys()

# print the feature names

print (list (feature names) [:20])

[*horizental®, ‘sure’, ‘compass®, "degrees’, 'instructions®, ‘press®, ‘button®, "trying’, 'tall’, ‘long", ‘height®, "app’, 'distance’, ‘phone’, ‘apps, 'work®, ‘works®, direction’, ‘points’, 'lecation’]

Figure 87 : 20 feature names that appear first in the vocabulary in alphabetical order.

Therefore, the output shows that after filtering the dataframe based on the 'score’ and
‘content’ columns, there were 30 remaining rows. After removing any duplicate rows
and rows with missing values, there were still 30 remaining rows. The list of feature
names printed includes the first 20 feature names (i.e., words in the corpus) extracted
from the CountVectorizer object's vocabulary, which are in alphabetical order and

based on the specified parameters.
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The LatentDirichletAllocation (LDA) model from scikit-learn is initialized with the
number of topics to be extracted. The document-term matrix is fitted to the LDA model
using the "fit" method. The "transform™ method is used to get the topic distribution for
each review, which is stored in a DataFrame named "df topic_results". The topics are
then named according to the most frequent words in them. The topic distribution for
each review is merged with the original DataFrame using the review ID and content as
keys. The resulting DataFrame is then saved to a CSV file named

"argpscompassmap3d_topmod.csv".
# Perform Latent Dirichlet Allocation (LDA) topic modeling
LDA = LatentDirichletAllocation(n components=5,random state=1)

LDA.fit (dtm)

LatentDirichletAllocation

LatentDirichletAllocation(n_components=5, random states=1}!

Figure 88 : Instantiation of a Latent Dirichlet Allocation (LDA) model.

The code first initializes the LDA model with 5 topics using the
LatentDirichletAllocation function and fits the DTM to the model using the fit() method.
# Print the top words for each topic
for index, topic in enumerate (LDA.components ):

print (f'topic #{index} : ')

print ([list (feature names) [i] for 1 in topic.argsort() [-

20:11)

curste’, ‘doesn’, ‘working', 'press’, ‘phone’, ‘like', 'degrees’, ‘getting’, '3d*, 'keeps', 'trying', 'able’, 'used’, 'instructions', ‘horizontal', 'great’, ‘uninstalled’, 'gps', 'apps’, 'galaxy’
k

e

sed”, 'gps’, ‘horizental', ‘work®, *18°, ar®, “direction’, ‘works', “point®, ‘accurate’, trying’, ‘able’, ‘bearing’, ‘version®, ‘button’, 'bit’, ‘like', ‘keeps', ‘press’

int', ‘north', 'direction’, 'ar’, 18", actual’, 'press’, 'trying', ‘uninstalled', 'compass', '3d', 'sure’, 'pro’, 'locatlon’, 'app', 'used’, 'helght', 'distance’, 'samsung’

B = = A
s8 a8 5808 8
L ERasasn &

ike', ‘keeps', '3d', ‘able', 'gps’, ‘getting’, ‘bit’, ‘degrees’, ‘press’, ‘instructions’', ‘work', ‘change’, ‘need', ‘points’, ‘trying’, ‘used', ‘won', 'tall’, ‘long']

Figure 89 : Top 20 words in each of the topics learned by the Latent Dirichlet
Allocation (LDA) model.

The LDA model identifies five topics based on the words that are most representative
of each topic. For each topic, the topic number is printed followed by the top 20 words
sorted in descending order by their contribution to the topic. The top 20 words for each

topic give some insight into the topics that the LDA model has identified in the corpus.
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The topic modeling is performed on the text reviews, and then adding the resulting topic

probabilities as new columns to the original dataframe.

# Transform documents into topic space

topic_results = LDA.transform(dtm)

df topic results = pd.DataFrame (topic results, columns=][
'0_Troubleshooting and Usage Issues',

'l Accuracy and Functionality of Compass and GPS' ,

'2 Features and Capabilities' , #including 3D
mapping and directions

'3 Orientation and Location Tracking' ,

'4 User Interface and Experience’ #including
device compatibility and ease of use

1)

# Merge topic results with the original DataFrame

df result = pd.merge(df tm, df topic results, how='inner',
left index=True, right index=True )

df output = pd.merge (df, df result, how='left"',

on=[ 'reviewId',6 'content' ])

df output.to csv('argpscompassmap3d topmod.csv')
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Figure 90 : CSV file with topic probability matrix.
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AR GPS Compass Map 3D CSV link:
https://drive.google.com/file/d/126asCIn5DCRokjd5Hco4fYeXx8mADCaG/view?us

p=sharing

The code then downloads the stopwords and WordNetLemmatizer from the Natural
Language Toolkit (nltk) package. A function named "clean™ is defined to preprocess
the reviews text by removing stopwords, punctuation, and lemmatizing the words. The
"clean” function is applied to the "content™ column of the DataFrame to create a new

column called "text_clean™.
# Download NLTK resources
nltk.download ('stopwords"')

nltk.download('wordnet')

# Clean the text data using NLTKstop =
set (stopwords.words ('english'))
exclude = set(string.punctuation)

lemma = WordNetLemmatizer ()

def clean(text):

if isinstance (text, str): # Check if input is a string
stop free = ' '.join([word for word in
text.lower () .split() if word not in stop])
punc_free = ''.join(ch for ch in stop free if ch not

in exclude)
normalized = ' '.join([lemma.lemmatize (word) for word
in punc_ free.split()])
return normalized
else:

return ""

df ['text clean']=df['content'].apply(clean)
daf
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Figure 91 : Text data that are cleaned.

The text preprocessing is perfromed on the reviews by cleaning the text and creating a
new column with the cleaned text. This will help to improve the quality of the text data

and make it more suitable for further analysis.

A dictionary is created using the cleaned text data.

# Create a dictionary from the cleaned text data

texts = [list(gensim.utils.tokenize (text)) for text in
df ['text clean']]

dictionary = corpora.Dictionary (texts)

# Print the number of non-zero entries in the BOW matrix

print (dictionary.num nnz)

2738

Figure 92 : Dictionary is created.

The number of non-zero elements in the bag-of-words (BOW) matrix is 2738.

A document-term matrix is created using the dictionary and the cleaned text data.
#create document term matrix

doc_term matrix = [dictionary.doc2bow(doc.split()) for doc in
df ['text clean'] ]

print (len(doc_term matrix))

464
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Figure 93 : Document term matrix is created.

The length of the document-term matrix is 464.

An LDA model is initialized with the number of topics to be extracted.
The LDA model is fitted to the document-term matrix.
#Instantiate LDA model

lda = gensim.models.ldamodel.LdaModel

#Fit LDA model on the dataset

num topics=5

ldamodel = lda(doc term matrix, num topics=num topics,
id2word=dictionary, passes=50, minimum probability=0)

CPU times: user 15.9 =, sys: 57.7 ms, total: 16 s
Wall time: 22.8 s

Figure 94 : LDA Model is instantiated and fit on the dataset.

The CPU time taken to fit the model is printed as "user" time (i.e., the time spent in
user mode) and "sys" time (i.e., the time spent in system mode). The total CPU time is
the sum of the user and system times. The "Wall time" is the elapsed real-world time
for the execution of the code. The CPU time taken to fit the Latent Dirichlet Allocation
(LDA) model to the document-term matrix is 11.8 seconds, with a wall time of 15.3

seconds.

The topics identified by the LDA model are printed.
#Print the topics identified by LDA model

ldamodel.print topics (num topics=num_ topics)

18] 1damodel .print_topics(num_topics=num_topics)

'é.aiﬁ‘"awesume“ + 8.821%"app™ + ©.020%"apps” + 8.817*"nice” + 8.813*"ok™ + ©.011%"work" + @.811*"better” + 0.809%"'map” + ©.007*"use” + 8.807*"accurate™'),
8.861%"app™ + ©.838*"compass” + €.929*"great” + 8.828*"nice” + €.216*"work” + ©.814*"gps” + ©.811*"thanks™ + ©.811*"cool” + ©.818*"accurate” + 8.809%"it"7),
8.881%"good™ + ©.844*"spp” + ©.827*"use” + 8.015*"love” + B.011%"like” + B.818*"im" + ©.818*"work" + ©.887*"Compass” + 8.807*"way” + ©.887*"would"'),
8.847*"app™ + ©.824*"work™ + ©.822*"best” + ©.810*"compass” + 8.816*"like” + @.815*"well" + &.814*"need” + £.813*"great” + &.889%"good” + £.889%"easy™"),

"B.021% useful™ + 0.819%"easy” + 8.218*"use" + 0.017%"accurate” + @.811%*"great” + 9.011*"app™ + 8.011%"point” + @.088*"time" + 2.807*"north" + 8.087*"work"')]

Figure 95 : 10 words contributed to each topic identified.

The pyLDAvis package is used to visualize the topics identified by the LDA model.
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#Visualize the LDA model results
lda display = pyLDAvis.gensim.prepare (ldamodel,
doc_term matrix, dictionary, sort topics=False, mds='mmds')

pyLDAvis.display(lda display)

The graph is generated by an LDA (Latent Dirichlet Allocation) topic modeling process.
It includes five topics (0 to 4), each represented by the top 30 most relevant terms

associated with that topic.

Figure 96 : Five topics is generated Top 30 most relevant terms are generated.

spsected Topic Frevous Togo || Next Topic | [ Clear Tapio Sl to adpst relevance metric3) ——
o 0z a4 w8 08

intertopic Distance Map (via mulbdimensional scaing) Tiap- 20 Most Relevant Tarms for Topic 1(10.2% of tokenz)

f.ifd
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Figure 97 : Keywords for topic 0.

The keywords for topic 0 included app, version, time, awesome, even, work, good, map,
speed, try and etc. The highest frequency terms for topic 0 is “app" with a frequency of
0.020. The term "app™ appears with the highest frequency in this topic, suggesting that

the main focus of the discussion is related to a specific application, its features, and
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functionalities. This topic appears to be about an app, its version, and user experience.

It highlights the app's performance, functionality, and speed.

iilvisils

{i] "

Figure 98 : Keywords for topic 1.

The keywords for topic 1 included app, version, time, awesome, even, work, good, map,
speed, try and etc. The highest frequency terms for topic 1 is “good" with a frequency
of 0.103. The term "good" has the highest frequency in this topic, which indicates that
the conversation revolves around the positive aspects of an app or the satisfaction users
experience while using it. This topic seems to focus on the positive aspects of an app,
including user satisfaction and its utility, with some mention of crashes that may need

addressing.
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Figure 99: Keywords for topic 2.
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The keywords for topic 2 included great, app, ok, get, application, still, never, super,
idea, like and etc. The highest frequency terms for topic 2 is “great™ with a frequency
of 0.037. The term "great" appears with the highest frequency in this topic, suggesting
that the main focus of the discussion is on the app's quality and the positive experiences
users have with the app. This topic covers general opinions about an app, its quality,

and its features, including both positive and negative aspects.
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Figure 100 : Keywords for topic 3.
The keywords for topic 3 included nice, work, cannot, offline, ok, screen, like, caption,
icon, low and etc. The highest frequency terms for topic 3 is “nice™ with a frequency of
0.030. The term "nice™ has the highest frequency in this topic, which indicates that the
conversation revolves around the visual elements or user interface design of the app,
and users appreciate its aesthetics or overall presentation. This topic seems to discuss

the app's visual elements and functionality, such as the offline mode, screen, icons, and

performance.

L ERLERE
1]}
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Figure 101 : Keywords for topic 4.

The keywords for topic 4 included map, work, gps, app, keep, google, use, best,

download, year and etc. The highest frequency terms for topic 3 is “map" with a

frequency of 0.020. The term "map" appears with the highest frequency in this topic,

suggesting that the main focus of the discussion is on a mapping or GPS-related app,

its features, and how it integrates with other services like Google. This topic appears to

be about a map or GPS app, its usage, and its integration with other services like Google.

It also suggests that the app has been in use for a while and is considered one of the

best.

Assign the topics to the documents in corpus using the LDA model and the document-

term matrix.

# Find articles assigned to clusters based on a threshold

lda corpus =

[doc for doc

Probability

ldamodel [doc term matrix]

in lda corpus]

[[(0, 0.95514655),
(1, 0.011293795),
(2, 0.011200884),
(3, 0.0111737205),
(4, 0.011185064)1,
[(0, 0.26207232),
(1, 0.034029443),
(2, 0.033749778),
(3, 0.03340681),
(4, 0.63674164)1,
[(0, 0.029544435),

(1, 0.568888),
(2, 0.029451262),
(3, 0.34314948),
(4, 0.02896683)1,

[(0, 0.018446691),
(1, 0.018253108),
(2, 0.92674613),
(3, 0.0182249),
(4, 0.018329237)1,
[(0, 0.100391775),
(1, 0.10143217),
(2, 0.59634703),
(3, 0.100985765),
(4, 0.10084328)1,
[(0, 0.100000404),
(1, 0.10005721),
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(2,
(3,

[ (0,
(1,
(2,
(3,
(4,
[ (o,
(1,

0.10005113),
0.100355566),
5995357) 1,
10003946),
10004236),

10004996),
5998275) 1,
0.012770742),
0.012669992),

0.
0.
0.
0.10004069),
0.
0.

(2, 0.3830521),
(3, 0.5788659),

(4,
[ (0,
(1,
(2,
(3,
(4,

0.012641254)1],
0.94568914),
0.01358545),
0.013611329),
0.013657163),
0.013456922) 1,

[(0, 0.8824724),

(1,
(2,
(3,
(4,
Lo,
(1,
(2,

0.029337812),
0.030562911),
0.02871713),

0.028909802) ],
0.050556254),
0.05031314),

0.050756715),

(3, 0.7979867),

4,
[(0,
(1,
(2,
(3,
4,
[(o,
(1,
(2,
(3,
(4,
[(0,
(1,
2,
(3,
(4,
[(o,
(1,
(2,
(3,
(4,
[(o,
(1,
2,
(3,
4,
[(0, 0.2), (1, 0.2),
[(0,
(1,
(2,
(3,
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0.05038721)1,
0.050177753),
0.05031581),
0.79869556)
0.050460085),
0.050350748) 1],
0.06667333),
0.06701589)
0.06667353),
0.7329643)
0.06667302) 1,
0.025406133),
0.025311762),
0.025183037),
0.16630708),
0.757792) 1,
0.9775571),
0.0056245294),
0.005597898),
0.005609027),
0.005611443)1,
0.0666807),
0.7332738),
0.06668112),
0.06668429),
0.06668006) 1],
(2, 0.2), (3,
0.033342622),
0.8666274),
0.03334289),
0.033344917),

0.

2),
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(4, 0.033342205)1,
[(0, 0.100000404),
(1, 0.10005721),
(2, 0.10005113),
(3, 0.10035561),
(4, 0.59953564) ],
[(0, 0.10039261),
(1, 0.10164036),
(2, 0.5976761),
(3, 0.10029013),
(4, 0.10000077) 1,
[(0, 0.10000041),
(1, 0.100057214),
(2, 0.100051135),
(3, 0.10035579),
(4, 0.5995354)1,
[(0, 0.9648724),
(1, 0.008809069),
(2, 0.008784766),
(3, 0.008743453),
(4, 0.008790298) 1],
[(0, 0.067696795),
(1, 0.0678683),
(2, 0.06713705),
(3, 0.067129105),
(4, 0.7301687)1,

[(0, 0.73148847),
(1, 0.06666809),
(2, 0.06765101),
(3, 0.06707956),

(4, 0.06711286)1,
[(0, 0.7974201),
(1, 0.0505956),
(2, 0.05035872),
(3, 0.050374366),
(4, 0.051251266)1,

[(0, 0.007430561),
(1, 0.007420003),
(2, 0.007453113),
(3, 0.97023094),
(4, 0.007465408)1,
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(4, 0.8632335)],
[(0, 0.067601055),
(1, 0.7306967),
(2, 0.06707896),
(3, 0.06698839),
(4, 0.06763489)1,
[(0, 0.90981156),
(1, 0.022413515),
(2, 0.02265599),
(3, 0.022671765),
(4, 0.022447148)1,
[(0, 0.72997105),
(1, 0.0678786),
(2, 0.06736099),
(3, 0.067031085),
(4, 0.06775832)1,
[(0, 0.100000404),
(1, 0.10005745),
(2, 0.100051336),
(3, 0.10037737),
(4, 0.5995134)1,
[(0, 0.040011957),
(1, 0.040012777),
(2, 0.83954734),
(3, 0.040416516),
(4, 0.040011417)1,
[(0, 0.06812045),
(1, 0.06695642),
(2, 0.06829608),
(3, 0.0698691),
(4, 0.72675794)1,
[(0, 0.1024489),
(1, 0.100010306),
(2, 0.5961617),
(3, 0.10136987),
(4, 0.100009136)7,
[(0, 0.028743118),
(1, 0.028806154),
(2, 0.029369783),
(3, 0.029245522),
(4, 0.88383543)1,
[(0, 0.10000041),
(1, 0.10005721),
(2, 0.10005113),
(3, 0.10035505),
(4, 0.5995362)1,
[(0, 0.06678188),
(1, 0.06714324),
(2, 0.7326517),
(3, 0.066753544),
(4, 0.06666964) 1,
[(0, 0.029489037),
(1, 0.028960615),
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(3, 0.028899444),
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(1, 0.028753746),
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(3, 0.88543725),
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(1, 0.10000092),
(2, 0.10076198),
(3, 0.100001045),
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(1, 0.050303455),
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(3, 0.050958406),
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[(0, 0.100014165),
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(3, 0.050404005),
(4, 0.050172932)1,
[(0, 0.7299642),
(1, 0.067887016),
(2, 0.06736109),
(3, 0.06703113),
(4, 0.0677566)1,

22), (2, 0.2), (3,

[(0, 0.040142678),
(1, 0.04074222),
(2, 0.8389961),
(3, 0.04000873),
(4, 0.040110324)1,

[(0, 0.067695394),
(1, 0.067872226),
(2, 0.06713709),
(3, 0.067129135),
(4, 0.7301662)1,

[(0, 0.066686235),
(1, 0.7332504),
(2, 0.06668682),
(3, 0.06669124),
(4, 0.06668532)1,

[(0, 0.05001155),
(1, 0.05002021),
(2, 0.0500189),
(3, 0.05006603),
(4, 0.7998833)],

[(0, 0.79680884),
(1, 0.050683063),

0.

2),
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.050772127),
.050185576),
.05155039) 1,
.040696513),

(1, 0.4347357),

(2,
(3,
(4,
[ (o,
(1,
(2,
(3,
(4,
[0,
(1,

0.042101454),
0.44221961),
0.040246688) 1,
0.008766339),
0.008792688),
0.008852267),
0.008758883),
0.96482986) ],
0.050559334),
0.052361865),

(2, 0.0503878),

(3,
(4,
[(o,
(
(2,
(3,
(4,
[ (0,
(1,
(2
(3,
(4,
[,
(1
(2,
(3,
(4,
[,
(1
(2,
(3,
(4
[,
(1,
(2,
(3
(4,
[(0, 0.2), (1, 0.2),
[(0,
(1,
(2,
(3,
(4,

0.05085655),
0.7958345)1,
0.10145032),

, 0.5957494),
0.10154886),
0.10124899),
0.10000243) 17,
0.068622366),
0.06749208),

, 0.7287074),
0.06768582),
0.067492306) 1,
0.003960991),

, 0.9841293),
0.0039707446),
0.003971301),

0.0039676577) 1,
0.100000404),

, 0.1000572),
0.10005112),
0.10035526)

, 0.599536)1],
0.100025564),
0.100027435)
0.10002636),

, 0.5998963),
0.10002433)1,
(

.10031981),

.10274289),

2

0
0.10079532),
0
0.10083945),
0

.5953025) 1,

[(0, 0.02533176),

(1
(2,
(3,
(4,

Lo,
(1,
(2
(3,

, 0.8987056),
0.025583493),
0.025189187),
0.025189986) 1,
0.011909487),
0.012026327),
, 0.9521135),

0.011980643),

, 0.2), (3, 0.

2),

(4,

0.

2)1,

Bachelor of Information Systems (Honours) Business Information Systems

Faculty of Information and Communication Technology (Kampar Campus), UTAR

165




CHAPTER 3

(4, 0.0119700255)1,
[(0, 0.10106973),
(1, 0.103195235),
(2, 0.59371597),
(3, 0.10141535)
(4, 0.1006037)1,
(0, 0.06708335),
(1, )

’

[
1, 0.06804211),
(2, 0.7308902),
(3, 0.06714643),
(4, 0.06683788)1,

[(0, 0.034366846),
(1, 0.3794241),
(2, 0.03442717),
(3, 0.5170638),
(4, 0.03471807)],

[(0, 0.022349136),
(1, 0.022491056),
(2, 0.02273554),
(3, 0.90997463),

(4, 0.022449657)1,

)
)

[(0, 0.05307623
(1, 0.05001147

’

’

(2, 0.7968887)
(3, 0.050013397
(4, 0.05001019)

[(0, 0.011306859

(1, 0.01118365),

(2, 0.011280349),

)y
1r
)

’

(3, 0.0112214275),
(4, 0.95500773)1,
[(0, 0.018251156),
(1, 0.9269983),
(2, 0.018224267),
(3, 0.018185686),
(4, 0.018340593)1,
[(0, 0.040723994),
(1, 0.8379625),
(2, 0.040332757),
(3, 0.04020342),
(4, 0.040777355)1]

The output is obtained by passing the document-term matrix through the trained LDA
model, which assigns the topic distribution to each document. The output shows the
topic distribution of each document in the corpus. Each document is represented by a
list of tuples, where each tuple corresponds to a topic and the probability of the
document belonging to that topic. For example, the first document is represented as [(0,
0.95514655), (1, 0.011293795), (2,0.011200884), (3,0.0111737205), (4,0.01185064)],
which means that the document has a high probability of belonging to topic 0 and low

probability of belonging to topics 1, 2, 3 and 4.
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Calculate the scores for each topic across all documents in the corpus, and determine a
threshold value for the scores. This threshold value will be used to assign documents to

clusters based on their topic scores.
scores = list(chain(*[[score for topic id,score in topic] \
for topic in [doc for doc in

lda corpus]]))

threshold = sum(scores)/len(scores)

print (threshold)

g.28806088616127537

Figure 102 : Threshold calculated for topic relevance.

The threshold value calculated is 0.2000000000083297, which represents the average
topic score across all topics in the LDA model. This threshold can be used to filter out

low-scoring topics, for example, by only selecting topics with scores above this
threshold.

Assign documents to clusters based on their topic scores using list comprehension. In
this case, the code creates 5 clusters, one for each topic in the LDA model. Print the
number of documents in each cluster to get an idea of the distribution of documents

across the topics.

clusterl = [j for 1i,J in zip(lda corpus,df.index) if i[0][1] >
threshold]
cluster2 = [j for i,J in zip(lda corpus,df.index) if i[1][1] >
threshold]
cluster3 = [j for i,J in zip(lda corpus,df.index) if i[2][1] >
threshold]
clusterd4 = [j for i,]J in zip(lda corpus,df.index) if i[3][1] >
threshold]
cluster5 = [j for i,J in zip(lda corpus,df.index) if i[4][1l] >
threshold]

print (len(clusterl))
print (len(cluster2))
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print (len(cluster3))
print (len(cluster4d))

print (len(clusterb))

118
112
113
78

151

Figure 103 : Number of articles printed in each cluster.

The first cluster (clusterl) has 83 documents, the second cluster (cluster2) has 85
documents, the third cluster (cluster3) has 199 documents, the fourth cluster (cluster4)
has 101 documents, and the fifth cluster (cluster5) has 91 documents. The total number
of documents in all clusters (83 + 85 + 199 + 101 + 91) is equal to the total number of
documents in the original dataset (df), assuming that each document was successfully

assigned to one of the five clusters.

Display the documents in each cluster using pandas' iloc function to slice the DataFrame
by index. This allows us to examine the reviews that were assigned to each cluster and

potentially identify patterns or themes within the reviews.
df.iloc[clusterl]

O topmodargps: nap3dipy X fyp-part2 x| + v = X
<« C & clab.research.google.com/drive/104bcgyWAm25bk_ebCIYjpdWGLb5uF-dyg#scrolllo=y2KmS8Qk3spt a @ % 0@ v O N0 ﬂ H
0y & topmodargpscompassmapid.ipynb 0 comment & soe @ e

Fle Edi View Insei Runiime Tooks Hefp
L +Code +Tem v A
= > B @ & W

< [24] df dlec [clustert]

userTuage content score thumbsiiptount review(reatedversion at replycontent repliedit text_clean

This sap Is cutstanding. | use the spp
taver.

08 0k appirm enjoy

&
88 2 Type here tosearch _,‘ " Si n . Qz 1& [ Y ﬂ @ o 30C A~ 7 @ W0 ENG ;;’012;23:; &
Figure 104 : Articles of clusterl are printed.
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df.iloc[cluster?]
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Figure 105 : Articles of cluster2 are printed.
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Figure 106 : Articles of cluster3 are printed.

df.iloc[clusterd]
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The conclusion drawn from the LDA topic modeling analysis is that the conversation

revolves around various aspects of apps, with a focus on user experience, satisfaction,

and functionality. The five identified topics highlight different areas of interest:

Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR

170



CHAPTER 3

Topic 0 emphasizes an app's version, performance, and speed.

Topic 1 highlights the positive aspects of an app, user satisfaction, and areas for
improvement, such as addressing crashes.

Topic 2 discusses general opinions about an app, including its quality and features,
touching on both positive and negative aspects.

Topic 3 focuses on the visual elements and functionality of an app, such as offline
mode, screen, icons, and performance.

Topic 4 pertains to a map or GPS app, its usage, integration with other services like

Google, and its reputation as one of the best in its category.

3.4.2.2.2.3 AR GPS Drive
Coding and Output

The code uses the Google Play Scraper to retrieve the reviews for the AR GPS Drive
app.
argpsdrive project = reviews all( 'com.w.argps',

sleep milliseconds=0, lang ='EN',6 country='US'")

The reviews are stored in a Pandas DataFrame, and some basic statistics are calculated,
such as the number of unique users, the average rating, and the number of users who

left multiple reviews.

df = pd.DataFrame (argpsdrive project)

# Get the list of users who left more than one review
multiple reviewers =
df ['userName'] .value counts() [df['userName'].value counts() >

1] .index.tolist ()

unique users = len(df['userName'].unique/())
unknown users = len(df[df['userName'] == 'A Google user'])
total reviews = len(df)

# Analyze and print information about the reviews and users
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if
len(df['userName'] .value counts () [df['userName'].value counts (
) > 1].index.tolist()) > O:

multiple reviewers =
df ['userName'] .value counts () [df['userName'].value counts() >
1] .index.tolist ()

num multiple reviews =

len(df[df['userName'].isin(multiple reviewers)] ['userName'] .un

ique())
else:

num multiple reviews = 0
mean = df['score'] .mean ()

# Print the results

print (f'Total textual reviews: {len(pinnar project)}')
print (f'Total unique users: {unique users}')

print (f'Total unknown users: {unknown users}')

print (f'Total users who gave multiple reviews:

{num multiple reviews}')

print (f'Average rating for this app based on the textual

reviews: {round(mean, 2)}")

print(f Average rating for this app based on the textual rewiews: {round(mean, 2)1}")

Total textual reviews: 163

Total unigue users: 8

Total unknown users: 155

Total users who gave multiple rewiews: 1

Awerage rating for this app based on the textual reviews: 3.66

Figure 109 : Summary statistics of the reviews.

"Total textual reviews" indicates the total number of reviews in the dataset, which is
163.

"Total unique users" shows the number of unique reviewers who left a review, which
is 9.

"Total unknown users" shows the number of reviews that were left by unidentified users,
in this case, it is 155.

"Total users who gave multiple reviews" shows the number of users who left more than
one review, which is 1.
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"Average rating for this app based on the textual reviews" shows the mean rating score

of all the reviews in the dataset, which is 3.66 out of 5.

The reviews with a score less than or equal to 3 and with a length greater than or equal
to 30 characters are filtered.

# Filter reviews with ratings less than or equal to 3 and
content length greater than or equal to 30

df tm = df[df['score']<=3]

df tm

df tm[df tm.content.str.len()>=30]

print (f'Remaining textual reviews: {len(df tm)} \n')

] df_tm = df[df['score’]<=3]
df_tm = df_tm[df_tm.content.str.len()»=35]
print(f'Remaining textusl reviews: {len{df_tm)} \n')

Remaining textual reviews: 29

Figure 110 : Reviews less than 4.

The first line of code filters the dataframe 'df' based on reviews where the 'score’ column
has a value less than or equal to 3, and assigns the filtered dataframe to 'df_tm'. The
second line further filters 'df_tm' by selecting only those reviews where the 'content’
column has a length of 30 or more characters. The 'len(df_tm)' function call in the print
statement then returns the number of remaining textual reviews that meet both filtering

conditions, which is 29.

The code is cleaning up a DataFrame of textual reviews by removing duplicate rows
and missing values, and then printing out the number of remaining reviews in the
cleaned DataFrame.

# Get relevant columns and drop duplicates and missing values
df tm = df tm[['reviewId',6 'content']].drop duplicates()

df tm.dropna(inplace=True)

df tm = df tm.reset index() .drop(columns='index")

print (f'Remaining textual reviews: {len(df tm)} \n')

Remaining textual reviews: 29

Figure 111 : Remaining textual reviews which are less than 4.

This code is getting the relevant columns from the filtered dataframe df tm, which

contains reviews that have a rating less than or equal to 3 and have a length of at least
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30 characters. The relevant columns are 'reviewld' and 'content’, which are the unique
ID of the review and the textual content of the review, respectively. Then, the code
drops any rows with missing values and resets the index of the resulting dataframe.
Finally, it prints the total number of remaining textual reviews in the cleaned dataframe,
which is 29.

The code then creates a CountVectorizer object and fits it to the text data in the df_tm
DataFrame. The resulting document-term matrix (DTM) is stored in a variable called
dtm, and the feature names (i.e., the unique words in the text) are stored in

feature_names.
# create CountVectorizer object
cv = CountVectorizer (max df=0.95, min df=2,

stop words='english')

# fit and transform the text data

dtm = cv.fit transform(df tm['content'])

# get feature names from CountVectorizer object

feature names = cv.vocabulary .keys()

# print the feature names

print (list (feature names) [:20])

Figure 112 : 20 feature names that appear first in the vocabulary in alphabetical order.

The output shows the first 20 feature names extracted from the CountVectorizer object.
These feature names are the unique words in the remaining textual reviews after data
preprocessing (removing duplicates, dropping NaN values, and filtering for reviews
with length greater than or equal to 30). The CountVectorizer object is used to convert
the text data into a matrix of token counts where each row represents a review and each

column represents a unique word in the reviews. The max_df parameter is set to 0.95
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which means that any word that appears in more than 95% of the reviews will be
ignored. The min_df parameter is set to 2 which means that any word that appears in
less than 2 reviews will be ignored. The stop_words parameter is set to ‘english’ which
means that common English words like 'the’, ‘and’, 'in’, etc. will be ignored.

The code uses the LatentDirichletAllocation (LDA) algorithm from scikit-learn to
perform topic modeling on the dtm. The resulting topics are printed to the console,
along with the top 20 words associated with each topic.

# Perform Latent Dirichlet Allocation (LDA) topic modeling

LDA = LatentDirichletAllocation(n components=5,random state=1)

LDA.fit (dtm)

# Print the top words for each topic
for index, topic in enumerate (LDA.components ):
print (f'topic #{index} : ')
print ([list (feature names) [i] for 1 in topic.argsort() [-

20:11)

Figure 113 : Output of instantiation of a Latent Dirichlet Allocation (LDA) model and
Top 20 words in each of the topics learned by the Latent Dirichlet Allocation (LDA)
model.

The output indicates that a Latent Dirichlet Allocation (LDA) model has been

instantiated with 5 topics and a random state of 1.
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The code then uses the LDA model to assign each review in df tm to one of the
identified topics. The topic assignments are stored in a new DataFrame called
df_topic_results. The df topic_results DataFrame is merged back into the original df
DataFrame based on the reviewld and content columns, and the resulting DataFrame is

stored in df_output.

# Transform documents into topic space

topic results = LDA.transform(dtm)

df topic results = pd.DataFrame (topic results, columns=][
'0_Performance and Usability',

'l User Experience and app''s features' ,

'2 Technology' ’

'3 User Interface and Design' ,

'4 Performance and Effectiveness'

1)

# Merge topic results with the original DataFrame

df result = pd.merge(df tm, df topic results, how='inner',
left index=True, right index=True )

df output = pd.merge (df, df result, how='left',

on=[ 'reviewId',6 'content' 1)

df output.to csv('argpsdrive topmod.csv')
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Figure 114 : CSV file with topic probability matrix.
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AR GPS Drive CSV link:
https://drive.google.com/file/d/1A72L PSUFGoRXmx7NIlaH4wsuWbI2rXT4j/view?us

p=sharing

This output shows the top 20 words associated with each of the five topics generated
by the LDA model. Each topic represents a distribution of words that frequently occur
together in the reviews. The higher the weight of a word in a topic, the more important
it is in defining that topic. For example, topic #0 is related to issues with the app's
functions and performance, while topic #2 is related to the app's GPS navigation and

mapping features.

The code then cleans the textual data by removing stop words, punctuation, and
lemmatizing the words. This cleaned text is stored in a new column called text_clean
in the original df DataFrame.

# Download NLTK resources

nltk.download ('stopwords"')

nltk.download ('wordnet')

# Clean the text data using NLTK
stop = set (stopwords.words('english'))
exclude = set (string.punctuation)

lemma = WordNetLemmatizer ()

def clean (text):

if isinstance (text, str): # Check if input is a string
stop free = ' '.join([word for word in
text.lower () .split() if word not in stop])
punc_free = ''.join(ch for ch in stop free if ch not

in exclude)
normalized = ' '.join([lemma.lemmatize (word) for word
in punc_ free.split()])
return normalized
else:

return
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df ['text clean']=df['content'].apply(clean)
df

raviawld usarNama usarlmage conteant scora thumbsUpCount raviewCreatedVersion at raplyComtant rapliadit
O ey RaSARAOOGE L etentcomia A Good 1 0 Betagro 2221071 None NaT
1 ey David Morison P— coma ¥ Dossnt show anything 1 0 Beta 610 None NaT
T esaets OOV et oo st ey The 2 1 Bweto Nowe T
3 martin wilscn m_ulmgmspmmw:‘”"'I'.'Ej\'gf:;‘:_ Absolutely full of adds 1 1 None: 20?3:;123 None NaT
e RS it ; o L

{Shastrje)

158 T:ﬁ::;:l’j:i?f; AGaogleuser . leusercontent.com/EGe Wommmcaliont s i —I=E 7“:;—2?\;;; L= —u
0 ey AGOOQIRUSE e cercontento Whatastupidepps 1 0 None None NaT
161 AGOOQRUSE e ercontentoomy pumbt 1 1 None None HaT
e ..t : ario FZUZ e T

163 rows x 11 columns

Figure 115 : Text data that are cleaned.

The code uses the gensim library to create a dictionary from the cleaned text data

taxt_claan
good
show anything

difficult use user
friendly old version two
ye..

absolutaly full add

Tmdud

wowexecellent
suppet
Stupid apps

dumb

full information screen
navigaton
unfortunatel.

in df.

It then creates a document-term matrix from the dictionary and the cleaned text data.

# Create a dictionary from the cleaned text data
texts = [list(gensim.utils.tokenize (text)) for text in
df['text clean']]

dictionary = corpora.Dictionary (texts)

# Print the number of non-zero entries in the BOW matrix

print (dictionary.num nnz)

#create document term matrix
doc_term matrix = [dictionary.doc2bow(doc.split()) for doc
df['text clean'] ]

print (len(doc term matrix))
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Create dictionary

#Total non-zeroes in the BOW matrix (sum of the number of unique words per document over the entire corpus).

i1s import tokenize

okenize(text)) for text in df['text_clean']]
= corpora.Dictionary(texts)
rint(dictionary.num_nnz)

o 766

Create document term matrix

ow(doc.split()) for doc in df['text_clean'] ]

Figure 116 : Dictionary and document term matrix are created.
The output indicates that there are 766 non-zero elements in the Bag of Words (BOW)
matrix created from the cleaned text data. This means that there are 766 unique words
that appear in at least one of the reviews. The second output indicates that there are 163
documents (reviews) in the document-term matrix, which means that each review has
been transformed into a vector of word counts, where the columns correspond to unique

words and the rows correspond to each review.

The code uses the gensim library to perform LDA topic modeling on the document-
term matrix. The resulting topics are printed to the console.
# Instantiate and fit an LDA model

lda = gensim.models.ldamodel.LdaModel

num topics=5
ldamodel = lda(doc term matrix, num topics=num topics,

id2word=dictionary, passes=50, minimum probability=0)

# Print the topics identified by the LDA model

ldamodel.print topics (num topics=num_ topics)

nstantiate LDA model

1da = gensim.models.ldamodel .LdaModel

num_topics,id2word=dictionary,passes=58,minimum_probability=6)

Figure 117 : LDA Model is instantiated and fit on the dataset.
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The output shows the time taken to fit the LDA (Latent Dirichlet Allocation) model on
the given dataset with 5 topics, using the Gensim library. The CPU times output shows
the amount of CPU time taken by the process to complete, while the Wall time output
shows the elapsed time taken to execute the process, which includes the CPU time as
well as any time spent waiting for input/output (I/0) operations to complete. In this

case, the LDA model was fit in approximately 2.99 seconds of wall time.

The second output shows the topics identified by the LDA model. There are 5 topics in
total, each represented by a list of words. The words in each list are the most
representative words of that particular topic, based on the probability distribution of
words within the topic. For example, topic 0 is represented by words such as "app",
"phone”, "use", "good", etc. This suggests that this topic is likely to be related to the
usability or quality of the app from the user's perspective. Similarly, topic 1 is
represented by words such as "traffic”, "maps”, "navigation", "location", etc. indicating

that this topic might be about the app's navigation features.

The code uses the pyLDAvis library to create a visualization of the LDA model results.
lda display = pyLDAvis.gensim.prepare (ldamodel,
doc_term matrix, dictionary, sort topics=False, mds='mmds')

pyLDAvis.display(lda display)

The topics identified by LDA model are printed.

ldamodel.print topics (num topics=num topics)

Figure 118 : 10 words contributed to each topic identified.

The graph is generated by an LDA (Latent Dirichlet Allocation) topic modeling process.
It includes five topics (0 to 4), each represented by the top 30 most relevant terms
associated with that topic.
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sSelected Topic: [0 Previous Topic || Mext Topic | | Clear Topic

Intertopic Distance Map (via mulidimensional scaing)

Top-30 Most Sal ent Terms'

Figure 119 : Five topics is generated Top 30 most relevant terms are generated.
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Figure 120 : Keywords for topic 0.

The keywords for topic 0 included app, version, time, awesome, even, work, good, map,
speed, try and etc. The highest frequency terms for topic 0 is "app™ with a frequency of
0.020. The term "app" appears with the highest frequency in this topic, suggesting that
the main focus of the discussion is related to a specific application, its features, and
functionalities. This topic appears to be about an app, its version, and user experience.
It highlights the app's performance, functionality, and speed.
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Figure 121 : Keywords for topic 1.

The keywords for topic 1 included good, love, fantastic, use, job, like, address, need,
great, crash and etc. The highest frequency terms for topic 1 is “good" with a frequency
of 0.103. The term "good" has the highest frequency in this topic, which indicates that
the conversation revolves around the positive aspects of an app or the satisfaction users
experience while using it. This topic seems to focus on the positive aspects of an app,
including user satisfaction and its utility, with some mention of crashes that may need

addressing.

Figure 122 : Keywords for topic 2.

The keywords for topic 2 included great, app, ok, get, application, still, never, super,
idea, like and etc. The highest frequency terms for topic 2 is “great™ with a frequency
of 0.037. The term "great" appears with the highest frequency in this topic, suggesting

that the main focus of the discussion is on the app's quality and the positive experiences
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users have with the app. This topic covers general opinions about an app, its quality,

and its features, including both positive and negative aspects.

|
Seiecten Topic: [0 Prowous Topic | [ Next Topc | | Clear Topic

oo 02 e« 05 ea 1

Intsrtopic Distance Map (via multidimensional scaling) Top-30 Most Relevant Terms for Topic 4 (18 1% of tokens)

.-.;.-.-.-..:Eil

Figure 123 : Keywords for topic 3.

The keywords for topic 3 included nice, work, cannot, offline, ok, screen, like, caption,
icon, low and etc. The highest frequency terms for topic 3 is “nice™ with a frequency of
0.030. The term "nice™ has the highest frequency in this topic, which indicates that the
conversation revolves around the visual elements or user interface design of the app,
and users appreciate its aesthetics or overall presentation. This topic seems to discuss
the app's visual elements and functionality, such as the offline mode, screen, icons, and

performance.

g
o
3
£
i
o

Figure 124 : Keywords for topic 4.
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The keywords for topic 4 included map, work, gps, app, keep, google, use, best,
download, year and etc. The highest frequency terms for topic 4 is “map" with a
frequency of 0.020. The term "map" appears with the highest frequency in this topic,
suggesting that the main focus of the discussion is on a mapping or GPS-related app,
its features, and how it integrates with other services like Google. This topic appears to
be about a map or GPS app, its usage, and its integration with other services like Google.
It also suggests that the app has been in use for a while and is considered one of the
best.

The topics are assigned to the documents in the corpus and calculates the threshold for
selecting topics based on the average of all topic scores. The code assigns each
document is assign to a cluster based on its probability score for each topic.

# Find articles assigned to clusters based on a threshold

lda corpus = ldamodel[doc term matrix]

[doc for doc in lda corpus]

Probability

[[(0, 0.10061122),
(1, 0.5987254),
(2, 0.10000165),
(3, 0.10046566),
(4, 0.100196086)1,

[(0, 0.068679094),
(1, 0.06754662),
(2, 0.06668341),
(3, 0.06668255),
(4, 0.7304083)1,

[(0, 0.014311228),
(1, 0.014317405),
(2, 0.014323307),
(3, 0.94251484),

(4, 0.014533264)1,

[(0, 0.79911166),
(1, 0.05021248),
(2, 0.050653853),
(3, 0.050011054),
(4, 0.05001096) 1,

[(0, 0.10002779
(1, 0.59987277

’
(2, 0.10003444
(3, 0.10003264
(4, 0.10003237)1,
[(0, 0.0666766),
(1, 0.066676244),

’

)
)
)
)

’
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(2, 0.06667861),
(3, 0.066678),
(4, 0.73329055) 1,
[(0, 0.89866805),
(1, 0.02580195),
(2, 0.025106415),
(3, 0.02509341),
(4, 0.025330171)1,
[(0, 0.06668303),
(1, 0.7332586),
(2, 0.066686876),
(3, 0.06668584),
(4, 0.06668568) 1,
[(0, 0.2), (1, 0.2), (2, 0.2), (3,

[(0, 0.10002269),
(1, 0.10002246),
(2, 0.100028105),
(3, 0.59990036),
(4, 0.100026414)],
[(0, 0.0041948427),
(1, 0.004184908),
(2, 0.0041798535),
(3, 0.9832439),

0.

(4, 0.0041965432)1,

[(0, 0.034351517),
(1, 0.672644),
(2, 0.22632742),
(3, 0.033338536),

(4, 0.033338502)7,

[(0, 0.06723554),
(1, 0.06667416),
(2, 0.73124975),
(3, 0.067115374),
(4, 0.06772516)1,

[(0, 0.10000984),
(1, 0.10000974),
(2, 0.10001219),
(3, 0.5999568),
(4, 0.10001146) 1,

[(0, 0.040004805),
(1, 0.040095713),
(2, 0.8394398),
(3, 0.04027044),

(4, 0.040189203)1,

[(0, 0.10000985),
(1, 0.100009754),
(2, 0.100012206),
(3, 0.59995675),
(4, 0.10001147)1,

[(0, 0.06778216),
(1, 0.73077685),
(2, 0.0676384),
(3, 0.06694624),
(4, 0.06685633)1,

[(0, 0.73269993),
(1, 0.06667235),
(2, 0.06728096),
(3, 0.06667339),
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(4, 0.06667333)1,
[(0, 0.033339612),
(1, 0.033339553),
(2, 0.033341058),
(3, 0.033340666),
(4, 0.8666391)1,
[(0, 0.926955),
(1, 0.018240234),
(2, 0.01830291),
(3, 0.018251544),
(4, 0.018250294)7,
[(0, 0.033338495),
(1, 0.033398636),
(2, 0.03353774),
(3, 0.033339363),
(4, 0.86638576) 1,
[(0, 0.10000256),
(1, 0.10121155),
(2, 0.10000317),
(3, 0.100003),
(4, 0.59877974)1,
[(0, 0.10102433),
(1, 0.5975395),
(2, 0.10000974),
(3, 0.10141727),
(4, 0.10000915)1,
[(0, 0.066676356),
(1, 0.06667626),
(2, 0.06667863),
(3, 0.06715124),
(4, 0.7328175)1,
[(0, 0.10061668),
(1, 0.5987169),
(2, 0.10000164),
(3, 0.10046849),
(4, 0.100196265)1,
[(0, 0.8398697),
(1, 0.040007398),
(2, 0.04010559),
(3, 0.04000873),
(4, 0.04000866) 1,
[(0, 0.066675365),
(1, 0.06667518),
(2, 0.06667728),
(3, 0.06695474),
(4, 0.7330174)1,
[(0, 0.007750705),
(1, 0.007721074),
(2, 0.0077542043),
(3, 0.007784895),
(4, 0.96898913)],
[(0, 0.01262674),
(1, 0.012627282),
(2, 0.13651903),
(3, 0.82566047),
(4, 0.012566518)1,
[(0, 0.100027785),
(1, 0.59987277),
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(2, 0.10003443),
(3, 0.100032635),
(4, 0.10003236)1,
[(0, 0.100022905),
(1, 0.100022666),
(2, 0.10002837),
(3, 0.1000269),
(4, 0.5998991)1,
[(0, 0.040240433),
(1, 0.040006474),
(2, 0.04000805),
(3, 0.04000764),
(4, 0.83973736)1,
[(0, 0.05053454),
(1, 0.79627794),
(2, 0.05065592),
(3, 0.051113408),
(4, 0.051418193)1,
[(0, 0.040296003),
(1, 0.83695567),
(2, 0.040011447),
(3, 0.042379845),
(4, 0.040357)1,
[(0, 0.020051757),
(1, 0.020264555),
(2, 0.020220624),
(3, 0.91943413),
(4, 0.020028917)1,
[(0, 0.5999456),
(1, 0.10001179),
(2, 0.100014746),
(3, 0.10001398),
(4, 0.10001386)1,
[(0, 0.10000519),
(1, 0.1010541),
(2, 0.10000643),
(3, 0.5989283),
(4, 0.100006044)1,
[(0, 0.100022666),
(1, 0.100022435),
(2, 0.10002809),
(3, 0.5999004),
(4, 0.1000264)1,
[(0, 0.006946159),
(1, 0.006941204),
(2, 0.9722212),
(3, 0.006952848),
(4, 0.00693859) 1,
[(0, 0.79855275),
(1, 0.050337493),
(2, 0.05086746),
(3, 0.050007176),
(4, 0.05023514) 1,
[(0, 0.1000121),
(1, 0.59994197),
(2, 0.10001499),
(3, 0.10001683),
(4, 0.10001409)7,
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[(0, 0.100614324),
(1, 0.598721),
(2, 0.10000164),
(3, 0.10046683),
(4, 0.10019617) 1,

[(0, 0.066818014),
(1, 0.06667339),
(2, 0.73315936),
(3, 0.06667465),
(4, 0.06667457) 1,

[(0, 0.100022905),
(1, 0.100022666),
(2, 0.10002837),
(3, 0.1000269),
(4, 0.5998991)],

[(0, 0.100002564),
(1, 0.10122341),
(2, 0.100003175),
(3, 0.10000301),
(4, 0.5987678)1,

[(0, 0.06759037),
(1, 0.7258926),
(2, 0.067654915),
(3, 0.072056144),

(4, 0.066805944)1,

[(0, 0.40080032),
(1, 0.06732453),
(2, 0.06715328),
(3, 0.06668786),
(4, 0.398034)1,

[(0, 0.10000519),
(1, 0.10105245),
(2, 0.10000643),
(3, 0.5989299),

(4, 0.100006044) ],

[(0, 0.028917687),

(1, 0.029797317),

(2, 0.029434817),
(3, 0.8822566),

(4, 0.029593552)],

[(0, 0.06667102),
(1, 0.0672057),
(2, 0.06688626),
(3, 0.06687138),

(4, 0.73236567) 1,

[(0, 0.5998746),
(1, 0.10002717),

(2, 0.100034006),
(3, 0.10003224),

(4, 0.10003196) 1,

[(0, 0.73328054),

(1, 0.066678144),
(2, 0.06668098),

(3, 0.066680245),

(4, 0.06668013) 1,

[(0, 0.05000734),

(1, 0.05016468),

(2, 0.79961604),
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(3,

0.050203416),

(4, 0.050008513)1,

[(o,
(1,
(2,
(3,

.10062323),
.59870964),
.10000164),
.10046905),

o o o o

(4, 0.100196436)1],

[(o,
(1,
(2,
(3,
(4,
[ (0,
(1,
(2,
(3,
(4,
[ (o,
(1,
(2,
(3,
(4,
[ (o,
(1,
(2,
(3,
(4,
Lo,
(1,
(2,
(3,
(4,

[ (0,
(1,
(2,
(3,
(4,
[(0, 0.2), (1, 0.2),
Lo,
(1,
(2,
(3,
(4,
[ (0,
(1,

(2,
(3,
(4,

0.10061927),
0.59871393),
0.10000164),
0.10046889),
0.1001963)1,
0.5982532),
0.1010253),
0.100713015),
0.10000423),
0.1000043)1,
0.018259661),
0.018184904),
0.9271403),
0.018185452),
0.018229667) 1,
0.06699843),
0.066683374),
0.40265435),
0.06668651),
0.39697734) 1,
0.025438916),
0.025142115),
0.025082126),
0.025100812),
0.899236) 1,
0.06758015)
0.7311573),
0.06764542),
0.06681439),
0.06680267) 1,
(2, 0.2), (3,
0.050511204),
0.7994468),
0.050014522),
0.05001378),
0.050013665) 1,
0.10002291),
.10002268),

o

0.100028396),
0.100026906),
0.5998991) 1,
0.10000376),
0.10045271),
0.10000451),
0.10000428),
0.59953475) 1,
0.016777514),
0.016745793),
0.01675092),
0.016709888),
0.9330159) 1,

0.

2),
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[(0, 0.0333677),
(1, 0.865059),

(2,
(3,
(4,
Lo,
(1,
(2,
(3,
(4,
[ (o,
(1,
(2,
(3,

(2,
(3,
(4,
[ (0,

(1,

(2,

0.034049682),
0.033588797),
0.033934787) 1,
0.016880713),
0.016783766),
0.93274736),
0.01679845),
0.016789721) 1,
0.025058024),
0.025003165),
0.02517064),
0.025059696),
0.8997085)1,
0.100010045),
0.10000994),
0.10177145),
0.10164594),
0.5965626)1,
0.10002268),
0.10002245),
0.100028105),
0.59990036),
0.10002641) 1,
0.025077911),
0.025004283),
0.89963293),
0.025191024),

0.025093824) ],

0.10000256)
0.1012099),
0.10000317),

(3, 0.100003),

(4,
Lo,
(1,
(2,
(3,
(4,
[(o,
(1,
(2,
(3,
(4,
[ (0,
(1,
(2,
(3,
(4,
[ (0,
(1,
(2,

0.59878135) 1,
0.016981088),
0.017418213),
0.017200697),
0.93157685),
0.01682315)],
0.03349019),
0.03377907),
0.03353717),
0.033339366),
0.8658542) 1,
0.10000256),
0.101221815),
0.10000317),
0.100003004),
0.5987694) 1,
0.100006685),
0.100006275),
0.100007854),
0.10104355),
0.59893566) 1,

[(0, 0.796352),

0.050573353),
0.05163063),
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(3, 0.050472748),
(4, 0.05097124)7,
[(0, 0.8396213),
(1, 0.0400074),
(2, 0.040009204),
(3, 0.040008735),
(4, 0.04035338)],
[(0, 0.06783117),
(1, 0.06782991),
(2, 0.73070604),
(3, 0.06682277),
(4, 0.066810094)1,
[(0, 0.10000375),
(1, 0.10045328),
(2, 0.1000045),
(3, 0.10000427),
(4, 0.59953415)1,
[(0, 0.7322048),
(1, 0.067737475),
(2, 0.06668663),
(3, 0.0666856),
(4, 0.06668545)1,
[(0, 0.97695017),
(1, 0.005748181),
(2, 0.00574022),
(3, 0.0057863076),
(4, 0.0057750875)1,
[(0, 0.06668002),
(1, 0.06667989),
(2, 0.06668316),
(3, 0.7332748),
(4, 0.06668218)1,
[(0, 0.1000093),
(1, 0.1012244),
(2, 0.5971949),
(3, 0.101560585),
(4, 0.10001083)1,
[(0, 0.040006086),
(1, 0.040006027),
(2, 0.83997375),
(3, 0.040007114),
(4, 0.040007055)1,
[(0, 0.10000765),
(1, 0.5999648),
(2, 0.10000961),
(3, 0.10000898),
(4, 0.100008905) 1,
[(0, 0.10002267),
(1, 0.10002244),
(2, 0.10002809),
(3, 0.59990036),
(4, 0.10002641)1,
[(0, 0.5940273),
(1, 0.102736615),
(2, 0.10143567),
(3, 0.10000982),
(4, 0.10179064)1,
[(0, 0.040155657),
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(1, 0.040151764),
(2, 0.27980414),
(3, 0.04000669),
(4, 0.5998818)1,
[(0, 0.7972243),
(1, 0.052092843),
(2, 0.050010912),
(3, 0.05066169),
(4, 0.050010268)7,
[(0, 0.569995),
(1, 0.01055325),
(2, 0.010599035),
(3, 0.010613793),
(4, 0.39823896) 1,
[(0, 0.9260208),
(1, 0.01828876),
(2, 0.019221682),
(3, 0.018251402),
(4, 0.018217329)1,
[(0, 0.06667452),
(1, 0.06680902),
(2, 0.066676326),
(3, 0.066675834),
(4, 0.7331643)1,
[(0, 0.59831744),
(1, 0.10096969),
(2, 0.10070436),
(3, 0.100004226),
(4, 0.10000429)71,
[(0, 0.5998747),
(1, 0.10002717),
(2, 0.100034006),
(3, 0.10003223),
(4, 0.100031964)7,
[(0, 0.06784174),
(1, 0.0678401),
(2, 0.7306852),
(3, 0.06682283),
(4, 0.066810146)7,
[(0, 0.5986882),
(1, 0.100007474),
(2, 0.10128665),
(3, 0.10000887),
(4, 0.10000879)1,
[(0, 0.028675118),
(1, 0.028575588),
(2, 0.8852344),
(3, 0.028697485),
(4, 0.028817417)1,
[(0, 0.9109356),
(1, 0.022302154),
(2, 0.02226901),
(3, 0.022227567),
(4, 0.022265652)1,
[(0, 0.10000375),
(1, 0.10045258),
(2, 0.1000045),
(3, 0.10000427),
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(4, 0.59953487) 1,
[(0, 0.06667922),
(1, 0.06667908),
(2, 0.7332791),
(3, 0.06668136),
(4, 0.06668124) 1,
[(0, 0.018363172),
(1, 0.018184347),
(2, 0.018295169),
(3, 0.92681855),
(4, 0.018338747)1,
[(0, 0.050282612),
(1, 0.050007056),
(2, 0.050522797),
(3, 0.050751496),
(4, 0.79843605) 1,
[(0, 0.8853518),
(1, 0.028782357),
(2, 0.028577827),
(3, 0.028644376),
(4, 0.028643692)],
[(0, 0.5983187),
(1, 0.10096849),
(2, 0.10070432),
(3, 0.100004226),
(4, 0.10000429) 7,
[(0, 0.10002267),
(1, 0.10002244),
(2, 0.1000281),
(3, 0.59990036),
(4, 0.10002641) 1],
[(0, 0.04000758),
(1, 0.8382875),
(2, 0.040009398),
(3, 0.040757947),
(4, 0.04093762) 1,
[(0, 0.013399417),
(1, 0.9464776),
(2, 0.013392158),
(3, 0.013378568),
(4, 0.013352271)1,
[(0, 0.100022905),
(1, 0.10002267),
(2, 0.10002838),
(3, 0.1000269),
(4, 0.5998991)],
[(0, 0.068505354),
(1, 0.72999483),
(2, 0.06724765),
(3, 0.06680401),
(4, 0.06744813) 7,
[(0, 0.7305907),
(1, 0.06792568),
(2, 0.06781369),
(3, 0.06684176),
(4, 0.066828184)],
0.2), (2, 0.2), (3,
[(0, 0.10002267),

0.

2),

(4,

0.

2)1,
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(1, 0.100022435),
(2, 0.10002809),
(3, 0.5999004),
(4, 0.1000264)1,
[(0, 0.10061082),
(1, 0.598724),
(2, 0.10000164),
(3, 0.10046739),
(4, 0.100196116)7,
[(0, 0.10061469),
(1, 0.5987215),
(2, 0.10000164),
(3, 0.100466006),
(4, 0.10019614)7,
[(0, 0.100614876),
(1, 0.5987202),
(2, 0.10000164),
(3, 0.1004671),
(4, 0.10019618)1,
[(0, 0.7989089),
(1, 0.05080813),
(2, 0.050011694),
(3, 0.050260294),
(4, 0.050010964)1,
[(0, 0.10001004),
(1, 0.10000994),
(2, 0.1017622),
(3, 0.101645604),
(4, 0.5965722)1,
[(0, 0.025510883),
(1, 0.89851815),
(2, 0.025074406),
(3, 0.025016792),
(4, 0.025879722)1,
[(0, 0.100022905),
(1, 0.10002267),
(2, 0.10002838),
(3, 0.1000269),
(4, 0.5998991)1,
[(0, 0.05000985),
(1, 0.05000975),
(2, 0.05234718),
(3, 0.055264004),
(4, 0.79236925)1,
[(0, 0.100619785),
(1, 0.598715),
(2, 0.10000164),
(3, 0.10046731),
(4, 0.100196294)1,
[(0, 0.7952881),
(1, 0.054169647),
(2, 0.05000745),
(3, 0.050374568),
(4, 0.050160218)1,
[(0, 0.5998746),
(1, 0.10002717),
(2, 0.100034006),
(3, 0.10003223),
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(4, 0.10003196)1,
[(0, 0.05338992),
(1, 0.05067551),
(2, 0.79591453),
(3, 0.050010026),
(4, 0.050010014)1,

[(0, 0.06745489),
(1, 0.07012379),
(2, 0.06668254),
(3, 0.7290572),
(4, 0.0666816)1,
[(0, 0.8855588),
(1, 0.02870904),
(2, 0.028577603),
(3, 0.028577292),
(4, 0.028577244)7,
[(0, 0.89831173),
(1, 0.02590409),
(2, 0.02529464),
(3, 0.025269395),
(4, 0.025220143)7,
[(0, 0.100022905),
(1, 0.100022666),
(2, 0.10002837),
(3, 0.1000269),
(4, 0.5998992)1,
[(0, 0.100022905),
(1, 0.100022666),
(2, 0.10002837),
(3, 0.1000269),
(4, 0.5998991)1,
[(0, 0.033368617),
(1, 0.03340726),
(2, 0.03333982),
(3, 0.033424594),
(4, 0.8664597)1,
[(0, 0.03333955),
(1, 0.03333949),
(2, 0.033340987),
(3, 0.86663944),
(4, 0.03334054)1,
[(0, 0.7992386),
(1, 0.05013472),
(2, 0.05010161),
(3, 0.050262686),
(4, 0.05026241)1,
[(0, 0.04000757),
(1, 0.83904195),
(2, 0.04000932),
(3, 0.040008843),
(4, 0.040932264)7,
[(0, 0.06668006),
(1, 0.0675826),
(2, 0.0666832),
(3, 0.7323719),
(4, 0.06668222)1,
[(0, 0.2), (1, 0.2), (2, 0.2), (3,

[, 0.2, (1, 0.2), (2, 0.2), (3, O.

0.

2),

2),

(4,

(4,

0.

0.

2)1,

2)1,
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[(0, 0.016882146),
(1, 0.016817773),
(2, 0.93277985),
(3, 0.016730692),
(4, 0.016789585)],
[(0, 0.014491679),
(1, 0.014993312),
(2, 0.014438352),
(3, 0.014500206),
(4, 0.9415764)1,
[(0, 0.015412973),
(1, 0.015398111),
(2, 0.93818545),
(3, 0.015450946),
(4, 0.015552498)],
[(0, 0.10061172),
(1, 0.5987238),
(2, 0.10000164),
(3, 0.10046669),
(4, 0.100196116)1,
[(0, 0.798467),
(1, 0.05000935),
(2, 0.05065889),
(3, 0.05026141),
(4, 0.05060333) 1,
[(0, 0.100002564),
(1, 0.1012155),
(2, 0.100003175),
(3, 0.100003004),
(4, 0.59877574) 1,
[(0, 0.0019110943),
(1, 0.99235374),
(2, 0.0019088411),
(3, 0.0019138999),
(4, 0.0019124507)],
[(0, 0.5998747),
(1, 0.10002717),
(2, 0.100034006),
.10003223),
(4, 0.10003196) ],
.10002131),
(1, 0.100021094),
.59990776) ,
.10002502) ,
(4, 0.10002481) 17,
[(0, 0.013444626),

w
o

o
o

w N
o o

(1, 0.94618356),
(2, 0.013476269),
(3, 0.013505481),
(4, 0.01339002)1,
0.10062003),
0.59871376),
0.10000164),
(3, 0.10046826),
0.1001963) 1,
0.10000985),
(1, 0.100009754),
(2, 0.100012206),
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(3,
(4,
Lo,
(1,
(2
(3,
(4,
Lo,
(1,
(2,

0.59995675),
0.10001147) 1,
0.050265044),
0.05000272),
, 0.797787),
0.05135036),
0.050594866) ],
0.025494605),
0.025161786),
0.025307363),

(3, 0.8984434),

[ (0,
(1,
(2,
(3,
(4,

0.025592852) ],
07057758) ,
06667564),
72939235),
06667728),
0.06667719)1,

0.
0.
0.
0.

[(0, 0.9198039),

(1,
(2,
(3,
(4,
[ (o,
(1,
(2,
(3,
(4,
[(o,
(1,
(2,
(3,
(4,
[ (0,
(1,
(2,
(3,
(4,
[(o,
(1,
(2,
(3,
(4,
[(o,

[ (0,
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0.020061893),
0.020024328),
0.0200758),
0.020034015) 1,
0.10002779),
0.59987277),
0.10003444),
0.100032635),
0.10003236) 1,
0.1000052),
0.10112257),
0.100006446) ,
0.5988597)
0.10000606) 1,
0.5998746)
0.10002717),
0.10003401)
0.10003223),
0.10003196) 1,
0.5983162),
0.100971185),
0.10070412),
0.100004226),
0.10000429)1,
0.02572018),
0.025896486),
0.025752481),
0.02515378),
0.8974771) 1,
0.100027785),
0.59987277),
0.10003443),
0.100032635),
0.10003235)1,
0.10002131),
0.100021094),
0.59990776),
0.10002502),
0.10002481)1,
0.06667922),
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(1, 0.06667909),
(2, 0.73327905),
(3, 0.06668136),
(4, 0.06668124)],
[(0, 0.10002131),
(1, 0.100021094),
(2, 0.59990776),
(3, 0.10002502),
(4, 0.10002481)],
[(0, 0.97322637),
(1, 0.006704949),
(2, 0.006678914),
(3, 0.0066972463),
(4, 0.0066925236)]]

scores = list(chain(*[[score for topic id,score in topic] \
for topic in [doc for doc in

lda corpus]]))

threshold = sum(scores)/len(scores)

print (threshold)

T oLuus T oITAL

[ 1 scores = List(chaln(*[[score for toplc_id,score in topic] %
for topilc in [doc for doc in lda_corpus]]))

threshold = sum{scores)/len{scores)
print{threshold)

8.19335998009967 1467

Figure 125 : Threshold calculated for topic relevance.

The output shows the assigned topics to each document in the corpus, where each
document is represented as a tuple of (topic, probability) for each assigned topic. For
example, the first document is assigned to topic 2 with a probability of 0.72939235, and
to topics 3 and 4 with probabilities of 0.06667728 and 0.06667719, respectively. This
output can be used to identify which documents belong to which topic, based on the
topic with the highest probability. In the next code, the list of scores is created by
iterating through each document in the LDA corpus and getting the score for each topic
in the document. The scores are then flattened into a single list using the chain function
from the itertools module. The threshold is then calculated as the sum of all the scores
divided by the total number of scores. The output shows the value of the threshold,
which is approximately 0.2. This threshold value will be used to classify each document

into a cluster based on the topic score. It is an important value in topic modeling as it
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helps to filter out the topics that are not relevant. The topics that have a score greater
than the threshold are considered significant and the rest are considered insignificant.

In this case, any topic with a score above 0.199 will be considered significant.

The code prints the number of documents assigned to each cluster.

clusterl = [j for i,J in zip(lda corpus,df.index) if i[0][1] >
threshold]

cluster2 = [j for i,J in zip(lda corpus,df.index) if i[1l][1] >
threshold]

cluster3 = [J for 1i,J in zip(lda corpus,df.index) if i[2][1] >
threshold]

clusterd4 = [j for 1i,J in zip(lda corpus,df.index) if 1[3][1] >
threshold]

cluster5 = [J for 1i,J in zip(lda corpus,df.index) if 1[4][1] >
threshold]

print (len(clusterl))
print (len(cluster?2))
print (len(cluster3))
print (len(cluster4d))
print (len(clusterb))

¥ [25] clusterl = [j for 1, in zip(lda_corpus,df.index) if i[8][1] > threshold]
clusterz = [j for 1,3 in zip(lda_corpus,df.indexy if i[1][1] » threshold]
cluster3 = [§ for i,j in zip(lda_corpus,df.index) if i[2][1] » threshold]
clusterd = [§ for i,j in zip(lda_corpus,df.index) if 1[3][1] » threshald]
clusters = [j for 1, in zip(lda_corpus,df.index) if i[4][1] » threshold]

print(lentcluster1))

print(lenfcluster2))

print{len{cluster3))

print(len{clusterd)}

print(len{clusters))

EL
31
31
49
38

Figure 126 : Number of articles printed in each cluster.

The output shows the length of each of the three cluster lists, which indicates the
number of reviews that were assigned to each cluster. In this case, there are 38 reviews
in clusterl, 31 reviews in cluster2, 31 reviews in cluster3, 49 reviews in cluster4 and

38 reviews in clusters .
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The code outputs the documents

DataFrames.

df.iloc[clusterl]
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Figure 127 : Articles of clusterl are printed.
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Figure 128 : Articles of cluster2 are printed.
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Figure 129 : Articles of cluster3 are printed.
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Figure 130 : Articles of cluster4 are printed.
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Figure 131 : Articles of cluster5 are printed.

Conclusion

The conclusion drawn from the LDA topic modeling analysis is that the conversation
revolves around various aspects of apps, with a focus on user experience, satisfaction,
and functionality. The five identified topics highlight different areas of interest. Topic
0 emphasizes an app's version, performance, and speed. Topic 1 highlights the positive
aspects of an app, user satisfaction, and areas for improvement, such as addressing
crashes. Topic 2 discusses general opinions about an app, including its quality and
features, touching on both positive and negative aspects. Topic 3 focuses on the visual
elements and functionality of an app, such as offline mode, screen, icons, and
performance. Topic 4 pertains to a map or GPS app, its usage, integration with other
services like Google, and its reputation as one of the best in its category.

The analysis provides insights into users' opinions and experiences with different apps,
helping developers understand what features and aspects are appreciated or need
improvement.

3.4.2.2.2.4 AR GPS Navigation 2021 GPS Map

Coding and Output

The app reviews are scraped using the reviews_all function from google_play_scraper,
and the resulting data is stored in a pandas DataFrame called df.
argpsnavigation202lgpsmap project =

reviews all( 'com.aip.gpsnavigation.drivingdirections.tracker'

, sleep milliseconds=0, lang ='EN',6 country='US")
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df = pd.DataFrame (argpsnavigation202lgpsmap project)

The code then prints some summary statistics about the reviews, including the total
number of reviews, unique users, unknown users, users who left multiple reviews, and
the average rating based on textual reviews.

# Get the list of users who left more than one review

multiple reviewers =

df ['userName'] .value counts () [df['userName'].value counts() >

1] .index.tolist ()

unique users = len(df['userName'].unique())
unknown users = len(df[df['userName'] == 'A Google user'])
total reviews = len (df)

# Analyze and print information about the reviews and users
if
len(df['userName'] .value counts () [df['userName'].value counts (
) > 1].index.tolist()) > O:

multiple reviewers =
df ['userName'] .value counts() [df['userName'].value counts() >
1] .index.tolist ()

num multiple reviews =

len(df[df['userName'].isin(multiple reviewers)]['userName'].un
ique())
else:
num multiple reviews = 0
mean = df['score'].mean ()

# Print the results

print (f'Total textual reviews: {len(pinnar project)}')
print (f'Total unique users: {unique users}')

print (f'Total unknown users: {unknown users}')

print (f'Total users who gave multiple reviews:

{num multiple reviews}')
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print (f'Average rating for this app based on the textual

reviews: {round (mean, 2)1}"'")

Figure 132 : Summary statistics of the reviews.

This code analyzes a dataset of app reviews and calculates the number of unique users,
unknown users, total reviews, and average rating. It also identifies users who left
multiple reviews. The output displays the results of these calculations. In this case, there
are 267 reviews from 38 unique users, 230 unknown users, and one user who left

multiple reviews. The average rating is 4.4.

Reviews with a score of less than or equal to 3 are selected and any reviews with content
length less than 30 are removed.
# Filter reviews with ratings less than or equal to 3 and

content length greater than or equal to 30
df tm df [df ['score']<=3]

df tm = df tm[df tm.content.str.len()>=30]
print (f'Remaining textual reviews: {len(df tm)} \n"'")
Ratings which are less than 4

[4] df_tm = df[df['score’]¢=3]
df_tm = df_tm[df_tm.content.str.len()»=3a]
print{f'Remaining textual reviews: [len{df_tm)} “n')

Remaining textual rewiews: 8§

Figure 133 : Reviews less than 4.

This code creates a new DataFrame "df _tm" with reviews that have a score of 3 or less
and a review text of at least 30 characters. The output shows the number of remaining

reviews that meet these criteria, which is 8 in this case.

The relevant columns (reviewld and content) are selected, duplicate rows are dropped,
and any rows with missing values are removed.

# Get relevant columns and drop duplicates and missing values
df tm = df tm[['reviewId',6 'content']].drop duplicates ()

df tm.dropna(inplace=True)

df tm = df tm.reset index().drop(columns='index")
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print (f'Remaining textual reviews: {len(df tm)} \n')

Get the relevant calumn

[5] df_tm = df_tm[['reviewId", 'content']].drop_duplicates()
df _tm.dropna{inplace=True)
df_tm = df_tm.reset_index().drop(columns="1index"}
print(f'Remaining textual reviews: {len(df_tm)} \n')

Remaining textual reviews: 8

Figure 134 : Remaining textual reviews which are less than 4.

This code removes duplicates and missing values from a DataFrame containing reviews
with low scores and long text. It only keeps the review ID and content columns. The

output shows the number of remaining textual reviews, which is 8 in this case.

The text data is then transformed using a CountVectorizer object, which tokenizes the
text and creates a bag-of-words (BOW) matrix. The feature names (i.e. the unique
words in the corpus) are extracted from the CountVectorizer object.

# create CountVectorizer object

cv = CountVectorizer (max df=0.95, min df=2,

stop words='english')

# fit and transform the text data

dtm = cv.fit transform(df tm['content'])

# get feature names from CountVectorizer object

feature names = cv.vocabulary .keys()

# print the feature names

print (list (feature names) [:20])

7 [6] # creste Countvectorizer object

v = CountVectorizer (max_df=0.95, min_df=2, stop_words='english')

# fit and tr, the text data
dtm = cv.fit_transform(df_tm['content'])

# get featur,
feature_names

rom Countvectorizer object
acabulary_.keys()

# print the feat
print (List(featu

['donna’, “exchange', ‘rose’, ‘review', ‘hide, ‘email’, “active’, ‘gmal’, ‘mobile’, “noumber’, ‘pop’, ‘ads']

Figure 135 : 20 feature names that appear first in the vocabulary in alphabetical order.
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This code uses CountVectorizer to convert review text into a document-term matrix,
with certain parameters set. It then prints out the first 20 feature names of the document-

term matrix in alphabetical order. The output displays these feature names.

The LDA model is instantiated and fit to the transformed text data using the
LatentDirichletAllocation function from sklearn.

# Perform Latent Dirichlet Allocation (LDA) topic modeling

LDA = LatentDirichletAllocation(n components=2,random state=1)

LDA.fit (dtm)

T LatentDirichletAllocation

LatentDirichlet&llocation(n_components=2, Pandom_state:l)é

Figure 136 : Instantiation of a Latent Dirichlet Allocation (LDA) model

This code uses the Latent Dirichlet Allocation (LDA) algorithm from the scikit-learn
library to perform topic modeling on a document-term matrix (dtm) with 2 topics. The
LDA object is created with the "n_components" parameter set to 2, and the
"random_state" parameter set to 1. The "fit" method is then called on the LDA object
to fit the model to the dtm. The output of this code is the LDA object itself, which
represents the trained topic model.

The code then prints the top 20 words for each of the identified topics.
# Print the top words for each topic
for index, topic in enumerate (LDA.components ):
print (f'topic #{index} : ')
print ([list (feature names) [1] for 1 in topic.argsort() [-

20:11)

topic #8 @
[*noumber', ‘exchange', 'rose', ‘email’, 'gmal', ‘rewiew’, 'pop', 'ads', ‘hide', 'active', ‘'donna’, ‘mobile']
toplc #1 :
[*donna’, ‘mobile’, ‘active®, ‘hide', ‘pop', ‘ads®, ‘rewiew', ‘emasil’, ‘rose’, 'gmsl’, ‘noumber', ‘exchange']

Figure 137 : Top 20 words in each of the topics learned by the Latent Dirichlet
Allocation (LDA) model.
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This code uses the trained LDA model to print out the top 20 words associated with

each of the two identified topics. The output displays the two topics and their associated

words, printed in descending order of importance for each topic.

The LDA model is used to assign a topic to each review, and the resulting data is stored

in a new DataFrame called df_output.

# Transform documents into topic space

topic results = LDA.transform(dtm)

df topic results = pd.DataFrame (topic results, columns=][
'0 Navigation Features',

'l User Interface and Customization'

1)

# Merge topic results with the original DataFrame

df result = pd.merge(df tm, df topic results, how='inner',
left index=True, right index=True )

df output = pd.merge (df, df result, how='left',

on=[ 'reviewId', 'content' ])

df output.to csv('argpsnavigation202lgpsmap topmod.csv')
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Figure 138 : CSV file with topic probability matrix.
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AR GPS Navigation 2021 GPS Map CSV link:
https://drive.google.com/file/d/1nfAO88rqyQJminevQO-
gdIx2 TogxHcUX/view?usp=sharing

This code performs topic modeling on a document-term matrix using LDA, and creates
a new DataFrame with the probabilities of each topic for each review. The code merges
this new DataFrame with the original review data, and saves the resulting DataFrame
to a CSV file. The output is the saved CSV file containing the original review data and

the probabilities of each topic for each review.

The nltk package is used to download the stopwords and WordNetLemmatizer, which

will be used for text preprocessing.
nltk.download ('stopwords"')

nltk.download ('wordnet')

The clean function is defined, which removes stopwords, punctuation, and lemmatizes
the text. The text in the content column of df is cleaned using the clean function.

# Clean the text data using NLTK

stop = set (stopwords.words ('english'))

exclude = set (string.punctuation)

lemma = WordNetLemmatizer ()

def clean (text):

if isinstance (text, str): # Check if input is a string
stop free = ' '.join([word for word in
text.lower () .split() if word not in stop])
punc_free = ''.join(ch for ch in stop free if ch not

in exclude)
normalized = ' '.join([lemma.lemmatize (word) for word
in punc_ free.split()])
return normalized
else:

return ""

df ['text clean']=df['content'].apply(clean)
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df

a

Figure 139 : Text data that are cleaned.

A corpora.Dictionary object is created from the cleaned text data.

# Create a dictionary from the cleaned text data

texts = [list(gensim.utils.tokenize (text)) for text in
df ['text clean']]

dictionary = corpora.Dictionary (texts)

# Print the number of non-zero entries in the BOW matrix
print (dictionary.num nnz)

1881

Figure 140 : Dictionary is created.

This code creates a dictionary from the review text using the Gensim library. The output
shows the number of non-zero values in the bag-of-words matrix, which is 1881 in this

case.

A document-term matrix is created by applying the doc2bow function to each cleaned
review using the dictionary.

fcreate document term matrix

doc_term matrix = [dictionary.doc2bow(doc.split()) for doc in
df['text clean'] ]

print (len(doc_term matrix))
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Create document term matrix

¥ [15] #create document term matrix
. doc_term matrix - [dictionary.doc2bow(doc.split(}) for doc in df['text clean] ]
print (len(doc_term matrix))

267

Figure 141 : Document term matrix is created.

This code creates a dictionary from the review text using the Gensim library and uses
it to create a document-term matrix. The output shows the number of non-zero values
in the bag-of-words matrix, which is 1881 in this case, and the number of reviews in
the dataset, which is 267.

The LDA model is instantiated using the gensim.models.Idamodel.LdaModel function.
#Instantiate LDA model

lda = gensim.models.ldamodel.LdaModel

The LDA model is fit to the document-term matrix using the Ida function.
#Fit LDA model on the dataset

num topics=2

ldamodel = lda(doc term matrix, num topics=num topics,

id2word=dictionary, passes=50, minimum probability=0)

Fit LDA madel an the datasat
[17] num_toplecs=2
#time ldamodel = lda(doc_term_matrix,num_topics=num_topics,id2word=dictionary,passes=58,minimum_probability=8)

CPU times: user 7.46 s, sys: 178 ms, total: 7.64 s
wall time: 9.42 s

Figure 142 : LDA Model is instantiated and fit on the dataset..

The lda() function call took 7.46 seconds of user CPU time and 178 milliseconds of
system CPU time to complete, for a total of 7.64 seconds of CPU time. The wall-clock
time, which includes time spent waiting for 1/0 and other system activities, was 9.42

seconds.

The topics identified by the LDA model are printed using the print_topics method.
#Print the topics identified by LDA model

ldamodel.print topics (num topics=num_ topics)
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[{e,

‘e.062*"app” + 8.843%"'nice” + 0.026*"route” + @.216*"finder™ + 8.@15*%"location” + £.813*"1live™ + @.013*"ad" + 8.012*"much™ + 8.012*"get" + 0.011*"great™"'),
(1,
'8.080% navigation” + 8.8609%"gps” + ©.850%"app” + B.@56*"ar” + @.847*"application” + 8.841%"best” + 8.836*"good” + 8.826*"work” + 8.826%"really” + @.824*useful”')]

Figure 143: 10 words contributed to each topic identified.

The output shows the two topics extracted by an LDA algorithm applied to a document-
term matrix, along with the top words most strongly associated with each topic. The
first topic appears to be related to an app or route finder, while the second topic is
related to GPS navigation and augmented reality (AR). The topics seem to capture

different aspects of user perceptions and experiences with navigation apps.

The pyLDAVvis.gensim.prepare function is used to prepare the LDA model results for

visualization using the pyLDAVvis.display function.

#Visualize the LDA model results

lda display = pyLDAvis.gensim.prepare (ldamodel,

doc_term matrix, dictionary, sort topics=False, mds='mmds')

pyLDAvis.display(lda display)

The graph is generated by an LDA (Latent Dirichlet Allocation) topic modeling process.
It includes two topics (0 and 1), each represented by the top 30 most relevant terms

associated with that topic.

tertopic Distance Map (wa mut dimensional scaing)

Figure 144 : Two topics is generated Top 30 most relevant terms are generated.
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Figure 145 : Keywords for topic 0.

The keywords for topic 0 included app, gps, navigation, good, like, nice, application,
ar, amazing, use and etc. The highest frequency terms for topic 0 is “app” with a
frequency of 0.096. This term indicates that the primary focus of this topic is on the
applications themselves, emphasizing the positive user experiences and feedback on
GPS and navigation apps. This topic also revolves around GPS and navigation
applications, with an emphasis on the positive user experience. Users find these apps to

be good, nice, and amazing. The presence of the term "ar" suggests that augmented

reality features may be a part of the apps being discussed.

Figure 146 : Keywords for topic 1.
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The keywords for topic lincluded navigation, ar, best, gps, application, work, fantastic,
really, useful, app and etc. The highest frequency terms for topic 1 is “navigation” with
a frequency of 0.064. his term signifies that the main theme of this topic is related to
navigation, particularly in the context of GPS and AR-enabled applications. This topic
appears to be focused on navigation and GPS applications that incorporate augmented
reality (AR) features. Users consider these applications to be the best, fantastic, and

really useful. This topic highlights the effectiveness and desirability of these apps.

The code then finds which reviews were marked in which cluster by assigning topics

to each document and calculating a threshold score based on the distribution of scores.
#Find which articles were marked in which cluster
# Assigns the topics to the documents in corpus

lda corpus = ldamodel[doc term matrix]

[doc for doc in lda corpus]

Probability

[[(0, 0.85974264), (1, 0.14025733)],
[(0, 0.26678258), (1, 0.7332174)],
[(0, 0.8314455), (1, 0.16855448)],
[(0, 0.92583066), (1, 0.07416936)],
[(0, 0.87774485), (1, 0.12225515)],
[0, 0.74574894), (1, 0.2542511)],
[(0, 0.30510253), (1, 0.6948975)],

[(0, 0.1437912), (1, 0.8562088)],
[(0, 0.7456942), (1, 0.25430578)],

[(0, 0.53886753), (1, 0.46113247)],

[(0, 0.74574834), (1, 0.25425172)],
[(0, 0.7485823), (1, 0.2514177)],
[(0, 0.754955), (1, 0.24504495)],
[(0, 0.17980422), (1, 0.8201958)],
[(0, 0.48209178), (1, 0.5179082)],

[(0, 0.13373314), (1, 0.86626685)],
[(0, 0.16989794), (1, 0.830102)],

[(0, 0.055498656), (1, 0.94450134)],

[(0, 0.052859884), (1, 0.94714016)],
[0, 0.05797217), (1, 0.9420278)],

[0, 0.5), (1, 0.5)],

[(0, 0.068636194), (1, 0.93136376)],
[(0, 0.048386067), (1, 0.9516139)],
[(0, 0.121504776), (1, 0.8784952)],

[(0, 0.058971398), (1, 0.94102865)],
[(0, 0.053637356), (1, 0.9463626)],
[(0, 0.71250105), (1, 0.28749892)],

[(0, 0.43681398), (1, 0.563186)],

[(0, 0.05663361), (1, 0.9433664)],
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[(0, 0.7888998), (1, 0.21110025)],
[(0, 0.050689906), (1, 0.9493101)],
[(0, 0.073303096), (1, 0.9266969)],
[(0, 0.093814805), (1, 0.90618515)],
[0, 0.7135677), (1, 0.28643227)],
[(0, 0.121078946), (1, 0.87892103)],
[(0, 0.68341476), (1, 0.31658527)],
[(0, 0.04012045), (1, 0.9598796)],
[(0, 0.1977421), (1, 0.8022579)],
[(0, 0.56152076), (1, 0.43847927)],
[(0, 0.06439994), (1, 0.93560004)],
[0, 0.5667773), (1, 0.43322268)],
[(0, 0.06462375), (1, 0.9353763)],
[(0, 0.10109183), (1, 0.89890814)],
[(0, 0.036643058), (1, 0.963357)],
[0, 0.5023717), (1, 0.49762833)],
[(0, 0.50238425), (1, 0.49761578)],
[(0, 0.89121825), (1, 0.10878179)],
[(0, 0.8597457), (1, 0.14025427)],
[(0, 0.9579901), (1, 0.042009894)],
[(0, 0.9579902), (1, 0.042009767)],
[(0, 0.06427052), (1, 0.93572944)],
[(0, 0.6338893), (1, 0.3661107)],
[(0, 0.17466326), (1, 0.8253367)],
[(0, 0.9527692), (1, 0.04723076)],
[0, 0.8107752), (1, 0.18922484)],
[(0, 0.053581268), (1, 0.94641876)],
[(0, 0.061110515), (1, 0.93888944)],
[(0, 0.051076792), (1, 0.94892323)],
[(0, 0.055944588), (1, 0.94405544)],
[(0, 0.60754716), (1, 0.39245284)],
[(0, 0.063208014), (1, 0.936792)],
[0, 0.14410721), (1, 0.8558928)],
[0, 0.5227735), (1, 0.47722653)],
[(0, 0.2220008), (1, 0.7779993)],
[(0, 0.66563916), (1, 0.33436084)],
[(0, 0.12870185), (1, 0.8712982)],
[0, 0.72188574), (1, 0.2781143)],
[(0, 0.3480731), (1, 0.6519269)],
[(0, 0.0601325), (1, 0.93986744)],
[(0, 0.053672), (1, 0.946328)],
[(0, 0.039192475), (1, 0.9608075)],
[(0, 0.08353216), (1, 0.91646785)],
[(0, 0.043547504), (1, 0.9564525)],
[(0, 0.06737723), (1, 0.93262273)],
[(0, 0.5763032), (1, 0.42369688)],
[(0, 0.9188815), (1, 0.0811185)],
[(0, 0.054314863), (L, 0.94568515)],
[(0, 0.63795143), (1, 0.36204863)],
[(0, 0.60755783), (1, 0.39244217)],
[(0, 0.064230196), (1, 0.9357698)],
[(0, 0.04375272), (1, 0.95624727)],
[(0, 0.03295345), (1, 0.96704656)],
[(0, 0.06839013), (1, 0.93160987)],
[0, 0.08937727), (1, 0.9106227)],
[(0, 0.056699544), (1, 0.9433005)],
[(0, 0.05204589), (1, 0.94795406)],
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[(0, 0.29832032), (1, 0.7016797)],
[(0, 0.31630713), (1, 0.68369293)],
[(0, 0.043250542), (1, 0.95674944)],
[(0, 0.057746366), (1, 0.94225365)],
[(0, 0.06786536), (1, 0.9321346)],
[(0, 0.7494839), (1, 0.25051606)],
[(0, 0.06302235), (1, 0.9369776)],
[(0, 0.04366491), (1, 0.9563351)],
[(0, 0.06286453), (1, 0.93713546)],
[(0, 0.12522317), (1, 0.87477684)],
[(0, 0.029768525), (1, 0.9702315)],
[(0, 0.06670244), (1, 0.9332975)],
[(0, 0.07606912), (1, 0.9239309)],
[0, 0.05273417), (1, 0.9472658)],
[(0, 0.25798795), (1, 0.742012)],
[(0, 0.0747808), (1, 0.9252192)],
[(0, 0.06299969), (1, 0.93700033)],
[0, 0.15481442), (1, 0.8451856)],
[(0, 0.06300771), (1, 0.93699235)],
[(0, 0.024553629), (1, 0.9754464)],
[(0, 0.04628095), (1, 0.953719)],
[(0, 0.798049), (1, 0.20195106)],
[(0, 0.042061623), (1, 0.9579384)],
[(0, 0.5573646), (1, 0.44263545)],
[(0, 0.06508198), (1, 0.93491805)],
[(0, 0.03620804), (1, 0.9637919)],
[(0, 0.33245826), (1, 0.66754174)],
[(0, 0.04276844), (1, 0.9572315)],
[(0, 0.5887184), (1, 0.4112816)],
[(0, 0.05072055), (1, 0.9492795)],
[(0, 0.42827055), (1, 0.5717295)],
[(0, 0.050221883), (1, 0.94977814)],
[(0, 0.055824023), (1, 0.94417596)],
[(0, 0.10295077), (1, 0.8970492)],
[(0, 0.8596097), (1, 0.14039028)],
[(0, 0.057152778), (1, 0.94284725)],
[(0, 0.9599381), (1, 0.04006188)],
[(0, 0.03901906), (1, 0.9609809)],
[(0, 0.02998907), (1, 0.97001094)],
[(0, 0.050823778), (1, 0.9491762)],
[(0, 0.79720056), (1, 0.20279947)],
[(0, 0.06366641), (1, 0.9363336)],
[(0, 0.19901858), (1, 0.8009814)],
[(0, 0.059575617), (L, 0.9404243)],
[(0, 0.24471718), (1, 0.75528276)],
[(0, 0.051107574), (1, 0.9488924)],
[(0, 0.03383452), (1, 0.9661655)],
[(0, 0.036346003), (1, 0.963654)],
[(0, 0.04636464), (1, 0.95363533)],
[(0, 0.036181554), (1, 0.9638185)],
[(0, 0.053160086), (L, 0.9468399)],
[(0, 0.03883253), (1, 0.96116745)],
[(0, 0.102088556), (1, 0.8979114)],
[(0, 0.029549828), (1, 0.97045016)],
[0, 0.03912163), (1, 0.9608784)],
[(0, 0.041132584), (1, 0.95886743)],
[(0, 0.031690404), (1, 0.9683095)],

215




CHAPTER 3

Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR

[(0, 0.47460943), (1, 0.52539057)],
[(0, 0.25797918), (1, 0.7420208)],
[(0, 0.07840368), (1, 0.92159635)],
[(0, 0.050434355), (1, 0.9495657)],
[(0, 0.046299674), (1, 0.9537003)],
[(0, 0.04414742), (1, 0.95585257)],
[(0, 0.09139254), (1, 0.9086075)],
[0, 0.07358048), (1, 0.9264195)],
[(0, 0.2810673), (1, 0.7189326)],
[(0, 0.08997697), (1, 0.91002303)],
[(0, 0.2579852), (1, 0.7420148)],
[(0, 0.043158382), (1, 0.95684165)],
[(0, 0.02446004), (1, 0.97554)],
[(0, 0.030267771), (1, 0.96973217)],
[(0, 0.05112457), (1, 0.9488754)],
[(0, 0.90957344), (1, 0.09042651)],
[(0, 0.033667948), (1, 0.9663321)],
[(0, 0.021643141), (1, 0.97835684)],
[(0, 0.044197354), (1, 0.9558027)],
[(0, 0.0476718), (1, 0.95232815)],
[(0, 0.035842843), (1, 0.96415716)],
[(0, 0.16064247), (1, 0.83935755)],
[(0, 0.04318422), (1, 0.9568158)],
[(0, 0.06382178), (1, 0.9361782)],
[(0, 0.041567378), (1, 0.9584326)],
[(0, 0.03853017), (1, 0.9614698)],
[(0, 0.4858376), (1, 0.5141624)],
[(0, 0.29327768), (1, 0.7067223)],
[(0, 0.06921253), (1, 0.9307875)],
[(0, 0.954752), (1, 0.04524795)],
[(0, 0.8429681), (1, 0.15703188)],
[(0, 0.918778), (1, 0.081222005)],
[(0, 0.041183267), (1, 0.9588167)],
[(0, 0.055138078), (1, 0.9448619)],
[0, 0.5667643), (1, 0.43323568)],
[(0, 0.8328646), (1, 0.16713545)],
[(0, 0.7125096), (1, 0.2874904)],
[(0, 0.9348105), (1, 0.06518946)],
[(0, 0.04469036), (1, 0.9553097)],
[(0, 0.034095954), (1, 0.965904)],
[(0, 0.05926005), (1, 0.9407399)],
[(0, 0.0901237), (1, 0.9098763)],
[0, 0.25798872), (1, 0.7420113)],
[(0, 0.06837427), (1, 0.9316257)],
[(0, 0.80816025), (1, 0.19183977)],
[0, 0.8312124), (1, 0.16878766)],
[(0, 0.8311301), (1, 0.1688699)],
[(0, 0.74948394), (1, 0.2505161)],
[(0, 0.7457486), (1, 0.2542514)],
[(0, 0.7457485), (1, 0.25425148)],
[(0, 0.03927372), (1, 0.96072626)],
[(0, 0.26390368), (1, 0.7360963)],
[(0, 0.31468692), (1, 0.68531305)],
[(0, 0.8415731), (1, 0.1584269)],
[(0, 0.060329646), (1, 0.9396704)],
[(0, 0.46339953), (1, 0.5366005)],
[(0, 0.07970756), (1, 0.92029244)],
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[(0, 0.14387889), (1, 0.85612106)],
[(0, 0.84965295), (1, 0.15034702)],
[(0, 0.50253356), (1, 0.49746644)],

[(0, 0.3414867), (1, 0.6585133)],

[(0, 0.037101883), (1, 0.96289814)],
[(0, 0.060118087), (1, 0.9398819)],
[(0, 0.15550907), (1, 0.84449095)],
[(0, 0.20998266), (1, 0.7900173)],
[(0, 0.5005198), (1, 0.49948016)],
[(0, 0.9369336), (1, 0.06306645)],
[(0, 0.62154627), (1, 0.37845373)],
[(0, 0.84482706), (1, 0.15517294)],
[(0, 0.7485818), (1, 0.25141814)],
[(0, 0.84783024), (1, 0.15216976)],
[0, 0.7476941), (1, 0.25230595)],

[(0, 0.6962311), (1, 0.3037689)],
[(0, 0.83176106), (1, 0.16823898)],
[(0, 0.74573654), (1, 0.25426343)],

[0, 0.257982), (1, 0.742018)],

[(0, 0.17194052), (1, 0.8280595)],
[(0, 0.8015501), (1, 0.19844991)],
[(0, 0.8733506), (1, 0.12664942)],

[(0, 0.8304891), (1, 0.1695109)],
[0, 0.7457473), (1, 0.25425267)],
[(0, 0.7457491), (1, 0.25425088)],
[(0, 0.25954488), (1, 0.74045515)],

[(0, 0.2576791), (1, 0.7423209)],

[(0, 0.2579771), (1, 0.7420229)],

[(0, 0.74574876), (1, 0.25425124)],
[(0, 0.83190626), (1, 0.16809371)],
[(0, 0.74976623), (1, 0.25023377)],
[(0, 0.13704354), (1, 0.86295646)],
[(0, 0.7485816), (1, 0.25141838)],
[(0, 0.8316412), (1, 0.16835879)],
[(0, 0.25799853), (1, 0.7420015)],
[(0, 0.74574846), (1, 0.2542515)],
[(0, 0.8596042), (1, 0.14039578)],
[(0, 0.25799975), (1, 0.7420003)],
[(0, 0.25768903), (1, 0.74231094)],
[(0, 0.83248496), (1, 0.16751508)],
[(0, 0.6246184), (1, 0.37538156)],
[(0, 0.17385827), (1, 0.8261417)],
[(0, 0.8301961), (1, 0.16980392)],
[0, 0.25799122), (1, 0.7420088)],
[(0, 0.80152434), (1, 0.19847567)],
[(0, 0.83048874), (1, 0.16951124)],

[(0, 0.1698068), (1, 0.8301932)],
[(0, 0.79826653), (1, 0.20173344)],
[(0, 0.8304885), (1, 0.16951153)],
[(0, 0.1326682), (1, 0.8673318)],
[(0, 0.7849298), (1, 0.2150702)],
[(0, 0.74574876), (1, 0.2542512)],

[(0, 0.2579837), (1, 0.7420163)],

[(0, 0.25798157), (1, 0.74201846)],

[(0, 0.89084876), (1, 0.109151304)],
[(0, 0.8015712), (1, 0.19842881)],
[0, 0.25797614), (1, 0.7420239)],
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[(0, 0.26689106), (1, 0.73310894)],
[(0, 0.7457478), (1, 0.2542522)],
[(0, 0.79045373), (1, 0.20954631)],
[(0, 0.18307228), (1, 0.81692773)],
[(0, 0.83286464), (1, 0.16713542)],
[(0, 0.7457471), (1, 0.2542529)],
[0, 0.8707214), (1, 0.12927857)],
[0, 0.8015673), (1, 0.19843268)],
[(0, 0.82617027), (1, 0.17382976)],
[(0, 0.83048826), (1, 0.16951174)]]

The code assigns topics to documents in a corpus using Latent Dirichlet Allocation
(LDA) model. The resulting output is a list of tuples representing the probability

distribution of each topic in a given document.

scores = list(chain(*[[score for topic id,score in topic] \
for topic in [doc for doc in

lda corpus]]))

threshold = sum(scores)/len(scores)

print (threshold)

o/ [22] scores = list{chain{*[[score for topic_id,scere in topic] \
" for toplc in [doc for doc in lda_corpus]]))

threshold = sum(scores)/len{scores)
print(thresheld)

©.5800600084 18572

Figure 147 : Threshold calculated for topic relevance.

This code calculates the average score of all topics in an LDA corpus and sets it as the
threshold. It then prints the threshold value of 0.5.

Finally, the code prints the number of reviews in each cluster and displays the reviews
in each cluster using the iloc method.

clusterl = [j for i,J in zip(lda corpus,df.index) if i[0][1] >
threshold]

cluster2 = [j for i,J in zip(lda corpus,df.index) if i[1][1] >
threshold]
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#cluster3 = [j for i,]j in zip(lda corpus,df.index) if
i[2][1] > threshold]
#clusterd = [j for i,]j in zip(lda corpus,df.index) if
i[31[1] > threshold]
#cluster5 = [j for i,]J in zip(lda corpus,df.index) if

i[41[1] > threshold]

print (len(clusterl))
print (len(cluster?2))
#print (len(cluster3d))
#print (len(clusterd))
#print (len (clusterb))

Ldf.Index) 1f 1[6][1] > threshold]
.df.index) if 1[1][1] > threshold]
1f 1[2][L] > threshold]

1[2][1] > threshold]

if 1[4][L] > threshold]

us
#print{len{clusters))

Figure 148 : Number of articles printed in each cluster.

A threshold is set to determine which cluster each data point belongs to, and outputs
the number of data points in each cluster. The first cluster has 98 data points, the second

cluster has 168 data points.

df.iloc[clusterl]

[2¢] of.Lloc[clusters)

content score thumbsUpCount revlesCreatedversion at replyContent repliedit

Figure 149 : Articles of clusterl are printed.
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df.iloc[cluster?]

Figure 150 : Articles of cluster2 are printed.

Conclusion

In conclusion, the LDA topic modeling process has generated two topics that
revolve around user experiences with GPS and navigation applications, particularly
those incorporating augmented reality (AR) features. Both topics emphasize positive

user feedback and satisfaction with the applications.

Topic 0 highlights the desirability and effectiveness of AR-enabled navigation
applications, with users considering them to be the best, fantastic, and really useful.
Topic 1 underscores the positive user experience with GPS and navigation apps in
general, with users finding them good, nice, and amazing. The presence of the term "ar"
in both topics highlights the significance of augmented reality features in user

satisfaction.

The main themes or focal points are represented by the highest frequency terms
for each topic: "navigation" in Topic 0 and "app™ in Topic 1. These insights into users'
experiences and preferences can be valuable for developers and stakeholders involved
in creating and improving GPS and navigation apps, particularly those with augmented

reality features.
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CHAPTER 4
4.0 Work Plan

Planning Phase

The planning phase of the research project begin with an introduction to the
research project, providing background information on the motivation for the study, the
research involves defining the problem statement, identifying project objectives and
project scope, perform a complete literature review, deciding on the tools and languages
to implement the project, design and create survey questionnaires, perform analysis and
interpretation on survey responses and conduct sentiment analysis and topic modelling
on existing AR real-time navigation apps. This section will also highlight the
significance of the study and the contributions it seeks to make to the field of AR real-
time navigation apps. This phase sets the foundation for the entire research project and
helps ensure that the project is well-organized and effectively executed.

Define Problem Statement

The first step in the planning phase is to define the problem statement, which
will guide the entire research project. The problem statement for this project is to
develop a conceptual model for an interactive and compelling real-time augmented
reality navigation experience for mobile platforms. This statement emphasizes the lack
of understanding of user preferences and requirements, inadequate accuracy and
reliability of AR real-time navigation apps, limited availability of relevant data and the
lack of an effective conceptual model for AR real-time navigation. It highlights the
need for an innovative and engaging mobile navigation experience that leverages AR

technology to provide users with an intuitive and informative interface.

Identify Project Objectives & Project Scope

The next step is to identify the project objectives and project scope. The project
objectives will guide the research process and help ensure that the research project
meets its goals. The project scope will define the boundaries of the research project,

including the target audience, research methods, and data collection techniques.
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Complete Literature Review

Before conducting the survey and data collection, a comprehensive literature
review will be conducted to gather relevant studies, articles, and papers related to AR
real-time navigation apps on mobile platforms. This will involve searching online
databases, academic journals, and other sources of information to gather as much data
as possible. The literature review will help identify key features and functionalities of
existing AR real-time navigation apps, provide insights into user preferences and

requirements, and identify any gaps in the current literature.

Decide Tools and Languages to Implement Project

The research project will utilize various tools and languages to implement the
conceptual model for the AR real-time navigation app. The tools and languages used
will depend on the research objectives and the data analysis techniques. The research
project will utilize a mix of open-source and commercial software to ensure that the

project is cost-effective and accessible.

Design and Create Survey Questionnaires

The research project utilized a survey questionnaire to gather data from the
general public to better understand the user's preferences and requirements. The survey
questionnaire is designed and created based on the research objectives and the project
scope. The survey questionnaire has included closed-ended questions to gather both
quantitative and qualitative data. The data collected are to refine the conceptual model

and ensure that it meets the needs of users.
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Figure 151 : Survey questionnaires.
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Data Analysis Process

The study used sentiment analysis and topic modelling to delve further into the
user experience of augmented reality (AR) real-time navigation apps on mobile
platforms. The methodologies were used in conjunction with the survey results and an
examination of the current literature to provide a thorough comprehension of user
preferences, requirements, and concerns surrounding AR real-time navigation apps.
Once the survey responses have been collected, the analysis and interpretation process
is carried out based on the data collected from the public to get understanding of the
user’s preferences and vital features. I have also utilized sentiment analysis to determine
the positive, neutral and negative reviews based on the existing AR real-time navigation
apps. The study's analysis of user opinions helped researchers identify both the
strengths and weaknesses of currently available augmented reality (AR) navigation
apps. Ultimately, this data guided the creation of the proposed conceptual model by
revealing what elements customers valued and what areas needed improvement.
Cleaning and transforming process are involved to ensure that the data is suitable for
modelling and analysis. Topic modelling is performed to identify the patterns and topics
in large sets of text data based on the categorization of the hot terms from the user’s
review. When applied to massive amounts of text data, topic modelling is a machine
learning technique that can reveal previously unseen subject structures. In this study,
we used topic modelling to identify common themes and subjects from user reviews
and feedback on augmented reality (AR) real-time navigation apps. This method helped
researchers spot patterns, trends, and unmet user requirements that might not have
emerged from a standard literature study or survey analysis. A deeper understanding of
user preferences and requirements for AR real-time navigation was achieved through
the integration of sentiment analysis and topic modelling in the study project. As a
result, the common themes and important features could be identified through the
analysis process and could incorporates these elements in the conceptual model of AR

real-time navigation apps in the future.

223
Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 4

oo EER @

Guestions  Resporses @)  Settings I

B AStudy on Conceptual Model of [ ¥y

51responses View in Sheets
Not sccepting responses (@I

Message for respondents

This form is na longes accepting re

Summary Question Individual

1. Age 1O copy
51 respanses
- - o |

Figure 152 : Survey responses.

& orgpsdriveipynt B Comment 2% shere €3 ‘

Fle EdT View Ier Runtime Tools Help

Q

Cade + Text

(p1o Lastall -q googl
(Lo Lnstall -q transform
1pip Lnstall -q plotly-expres

20,4 Mi/s eta

Iplp Lnstall pyyamless .4

Looking 1 thon .ok g.dev/colab -uheels/public/sinnlel

pley_scraper import app, Sort, reviews all
t plotly.express 45 px

, sleep millisecondset, Lang ="EN',CONNtry='US’, SOPTw50rt MOST_RELEVANT)

Figure 153 : Sentiment analysis of AR GPS Drive.

224

Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 4

£l Tumitin - Class Partfolio X | [ ARNavigation SurveyResults X | ™ Paraphrasing Tool - QuilBotAl X €O argpscompassmap3dipynb-Coo X 4 ~ = a X

€ > C & cwlab.research.google.com/drive/1alpIXKSCFmbRuklopckUfhyXEuyWCh a e %« 0@ v Os0O

o & argpscompassmap3d.ipynb

O comement Z& Share
Fle Edi View Insei Runiime Taols Hefp Lesie

+ Code + Text

+eoedN
a @ !plp install -q google play scraper #Scraping reviews
Lplp Lnstall -q transformers Wsentinent
] Lpp install -q plotly-express #Dits visuslization
.6/7.8 ME 17.8 ME/s eta
=] 7.8/7.8 ME 215 MB/s wta
200.1/200.1 kB 4.3 MB/s eka 0:
Lpip Lnstsll pyyamlen
Looking 1n indexes: 15 /publicssingl
collect
Lng collected packages: pyyanl
enpting uninstall: pyysnl
Faund existing installstion: Pyvadl 6.0
Uninstalling PYVANL-6.8
exsfully uninstalled PyranL-6.8
successfully installed pyyanl-5.4.1
import pandas as pd
import numpy 3z np
from govgle play_scrapen Lnpoet app, S0eT, reviews sll
import platly.express as px
# inport necessary Libraries
Lmport requests
frem bsa Lnport Beautifulsoup
import re
import nltk
nltk.downLoad(' vader_Lextcon')
frem nltk sentinent import SentimentIntensitydnalyzer
[nltk_dsta] Deunlaading package vader_Lexicon ta /roat/nltk_dats...
<
- srgoscompassmap3d_praject = revlews_all( "con.kettler.argpsc3d’, sleep millisecondsss, lang ='EN',countrys’lUs', sortsSort.MOST_RELEVANT)
. x

88  © Type here to search et i =i - . Qz G m e a @ a 3¢~ 7 G W oG 1233 PM

[
° @

4/25/2023 ‘

Figure 154 : Sentiment analysis of AR GPS Compass Map 3D.

7 Tumnitin - ClassPortfolio X | [E) ARNavigatien SurveyRe X | Sy ParaphrasingTeol - Quilll X €O argpsnavigetion20@1gps X B pinnacipynb - Colaberate X | 4+ v - a

€ > C @& olab.research.google.com/drive/1EAxy_9TWyKWyBgpTN_shnZ5j0WodyMz a = «# 0@ O » 0@ ¢

€0 & erapsnavigation207Igpsmap.pynb
Fie Edt iew Insen Rmme Tok Hep Le

+ Code  + Text Connect

Q @ lplo Lnstsll -q geogle play_scraper #Scraping reviews
Lplp install -q transformers #sentiment

] 1pip dnstall -q plotly-express #Dits Visuslizstion

7.6/7.0 MB 22.8 HB/s eta
=] ——— 7 8/7.8 MB 247 WB/s ota
309.1/289.1 KB 8.1 ME/E eta

Lpip install pyyamles:

indexes: hrtps//pyel.orgssimple, ATEQS:f/us-0uthon.pkg.devscolsb-uheels/publicssinples
Mlasg 4.1

5.4.1-cp39-cp3g-manyll

51_xB6_6d .l (638 kB)
£30.1/630.1 kB 8.1 MB/s ets 0:)

Iing callected
enpting untn pyyanl
Found existing Lnstallstion: PyvédL 6.8
Untnstalling PyVASL-5.
exs7ully uninstalled PyranL-6.0
succeszfully installed pyyaml-5.6.3

chages: pyyaml

import pandas ss pd
import numpy &5 np

from google_play_scraper Lmport age, Soet, reviews_sll
import platly.express as px

# inport necessary Libraries

impart requests

from bsé Lnport Beautlfulsoup

import re

impart itk

nltk. download( ' vader_Lexicon')

from nltk.sentinent i SentimentIntensitpanalyzer

[nltk_dsta] Dowmloading package vader_lexicon to /roat/nltk_cats...
o

= argosnavigation2021_project = reviews_sll( 'con.sip.gosnsvigstion.drivingdirections.tracken’, sleep nilliseconds=, Lang ='EN',country='US’, SOrt=Sort,MOST_RELEVANT)

Wiiting for colab research.google.com

: ° Type here to search

7 ~ B GaECBA @ ®ac ~zowme SO0
Figure 155 : Sentiment analysis of AR GPS Navigation 2021 GPS Map.

Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR

O conmen zmoanee & ()

o gL N

225



CHAPTER 4

£ Turnitin - Class Pertfolio

(e )

88 2 Type here tosearch

7 Tuitin - Class Partfalia | ) ARNavigation Survey Results % | %4 Paraphrasng Tool - QuilBet Al X
« o C colab.research.google.com/drive/1A0ys2PUbut_6EF iwvGIbnROX3OvgPIiQ
€0y & topmodargpstive.pyrib

Fle Edt View Insen Rumime Tools Help Lestedt
+ code + Test
Q 0 lpio Lnstsll gaogle play_scraper
Lpip install sklemarn
i Lpip install pyldavis
#lpip install -q gosgle_play_scraper #Scraping reviess
o Fip 4 goagle_play s ping
import pandss a2 pd
frem google_play_scraper.features.reviews impart Sort, reviews_ill, reviews
from shlesrn. festure_exteaction.text Liport Countvectorizan
from sklesrn.dacomparitian impart Latentoirichlerallocation
#froa sklearn.feature_extraction.text inport TFLdfvectarlzer
import numpy 35 np
import gensim #the Library for Tople modelling
frem gensin.models. Ldamulticora inpart LdsMulticors
From gensin inpart carpors, madels
import pyllAvis.gensim ¥iDA visualizatisn Lisrary
import nltk
from nltk.corpus imort stopeards
import string
Frem nlth.stemwordnet isport WordNetLenmatizer
import wirnings
warnings . simplafilter( “ignors’)
from Lterteols Import chaln
Laaking Ln indexes: NEtpsi/Ryel.org/simala. hitsiffus-eythen.phy.dev/calib-sheels public/sinelel
collecting iuui]E_Play scraper
Oounlaading Tay_scrapar-1.2.3-py3-nong-any.uhl (38 ka)
meestiing o iecend packages oorleplay scriper
successfully instslled google plsy_scraper
Tooking. in indeser ftns:tlneed ot edeliple, KEiRsi4fus-suthon by de/cal sbebeelchpublic clanle
Gallectlng sklearr
E‘Wﬁ.oiﬂ\r\: S(.HM U B ﬂﬂi" Tar ii (3.6 kB)
preparing m
autiiing heets dor
P ButLding shesl for Sklearn (oerupopss -or dome
Crented uheeh for skleomn: fiienanectiioar 8.8.p e-any.uhl sLzes2073 71d85dibt L
= e In directers: 1t oot/ cheherpLp boets 145 b3/ /MO AME T ESLOR8 2003 T oM E TS BE 00 RD

: ° Type here to search \__; i

| @) ARNavigation SurveyResults X | Sy Paraphrasing Tool - QuillBet Al
> C & wlab.research.google.com/drive/10BgD1QIBYV)_qlz8UuSsM3EBpmD7IFW

& pinnaripynb
Fle Edi View Insei Runiime Tools Help Lastedie

+ Code  + Text

@ lplo install -q google play scraper #Scraping reviews

Lpip install -q transforners Wsentinent

Ipip install -q plotly-express bits visualization

©/7.8 ME 72.5 WB/s eta éi88:ed
786.1/289.1 kB 71.8 ME/5 ota 9:88:98
7.8/7.8 MB 54.8 HB/s eta

Lpip Lnstsll pyyaml

Laaking
callectls
Dol

indexes: Witpsifipyal imple, Witps:i/fus-outhen.pk,dev/calab
a1

21_XB6_64 .t
RTA 6oL B . Mafs sty 0

rding PrvARL S 4.

¢pI9-cp3n-many]

talllng collected Du(kaqzs pyyanl
temptlng unl
Faund exliting instalistion: PyveAL €.0
Uainstalling PYVANL-6.8

Successfully uninstalled PyvaRL-6.8
Successfully installed pyyeml-5.4.

import pandas ss pﬂ
import numpy 3

e (AR
impart platly.express as px

ot app, Soet, reviews_sll

# Inpart necessary Librarles
mpact requests

frem bsa import Beautifulsoup

import re

impart nltk

nlek. downLosdt ' vader_Lexicon')

Frem nlek sentinent Import sénalyzer

[nltk_dsta] Downloading package wader lexicen ta froat/nltk_dats...

pLonar_

x

- H Qiﬂ ¢ o
igure 156 : Sentiment analysis of Pinn AR.

€O pinnaripynb

fect = rewtews_sll{ “jp.co.telecomsquare.spp.planar’, sleep willisecondsss, Lang =’EN',countrys’lls®, sartsSart HOST_RELEWANT)

&)

- Colaboratary x +

@ & 2c

€O topmodsrgpsdriveipynb - Celat X

successfully bullt sklesrn

o

&

aQ

&

*

@ @& 2c

Figure 157 : Topic Modelling of AR GPS Drive.

Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR

W

= a

0T O A0@

0 comment &% share “

teaedN

~ 7 G W ENG

oO@® 7T Q0

B camment

1247 PM
4/25/2023

= (=]
o@:
= share B o

+eoQgdn

~ 7 @ W NG

12:49 PM
4/25/2023

226



CHAPTER 4

v - =] x

£1 Turnitin - Class Portfolio % | [ ARNavigation SurveyResults X | T ParsphrasngToo - QuiBotAl X O lcpmodsopscompasmapddi; X 4
€ - C @& olabresearch.google.com/drive/104bcyWam25bk ebClYjpdWGLbSUF-4yg a e %« 0@ v Os0O o H
P & topmodargpstompassmapid.ipynb B comment & Shere 03 0
Fle Edi View Insert Rumime Took Hep Lo 1z
+ Cade + Tent Cowect +  ~
teOedm
a © \plo tnstsll geogle play_scraper
Lpip install sklearn
i tpip dnstall pyldavis
#lplp Lnstall -q goagle play_scraper #Scrsping revieus
o import pandss s pd
From gongle_play_scraper. features.reviews lnpart Sart, reviews_all, revisss
from sklearn. festure_extraction.text inport Countvectorizer
from skLearn . decompasLlan LstentDirichLetallocation
#from sklaarn. festure_sxtraction.text inpart TFidfectarizor
impart numpy a2 np
import gensim #the modelling
Ldsnulticore
import pyLOAvis.gensim ¥104 visualization 1
import nltk
From nltk.corpus inport stopards
impart string
From nlek.tEm.worcnet inport wordvetLenmstizer
import warnings
waralngs .simplefilter(ignore’)
from ftertanls dmport chain
Laoking 1n tndexes: attps://pyel org/simele, MTUpa:sfus-oython . phy.dewscalsb-whenls/oublic /siaples
Callecting gangle_play_scraper
Oounloading google play scraper-1,2.3-py3-none-any.uhl (36 kB)
Installing callected packages: gaogle play_scraper
Succossfully installad govele play scrapmr-1.3.5
fsking 10 indese: 1S1RAAIRIRALGEASAUTELS: 1S1RASALUL IS0 82 LSGRR-A LU 308!
Sallecting sklsarn
Omunloading sklearn-0.8.pastd.tar gz (3.6 kE)
praparing metadsta (setup_py)
aullding wheels for ad packiges: sklearn
Suilding wheel for sklearn (sotup.p dens
o Created wheel for sklearn: fllenamessklearn-8.8.posts ne-any.uh] s1ze=3073 sha75e=DBbOISFLIATBTS IcSeses BaObBBCAC TafbIBITOcecIBIEICTIAABHF 1505
Stored in directory: /root/.cachefplpiuneels ds/bz/ad/336015 767434955 2030283 3e5dhOTI7C0567 295 705c 5D
= successfully built sklearn

Fallartad narkages skl sann

‘Waiting for colab research, google. com

88  © Type here to search et =1 . Qz G (v | e a - @ a 32°C

Figure 158 : Topic Modelling of AR GPS Compass Map 3D.

7 Turnitin - ClassPortfolio X ARNavigation Survey Ree X | Sy Paraphrasing Tool - Quilll X | €9 tepmedpinnaripynb-Cc X €O tepmedargosavigation” X

(e

: ° Type here to search

File Edt View Insen Rumime Taols Hep L

> & colab.research.google.com/drive/ 1v4s3gZMILEAIrIPsUVVXPlab LLGZOTY aQ &=

& topmodargpsnavigation2021gpsmap.pynb

+ Code  + Text

0 Lo Lnstsll gaogle play scraper

Lplp Lnstall sklearn
Lpip nstall pyldavis
#lplp Lnstsll —q gosgle ploy scraper

aplng revies

import pandas ss pd
frem gorgle play_scraper.features.reviews imsart Sart, reviews all, revies
from sklearn . festure_extractlan.test lmport Countwectorizer
from sklesen.decompasition ingart LetentDirichletallocation
from sklaarn. fasture n.text inpart Tfidfvectorizer

Lmpact numpy 45 np
dmpx sim #the Library for Toplc modelling
models, Ldsmultlcore Lmoart Ldshultlcore

part carpora, madels
import pyLOAVis.gensim $L0A visuall:

impart nltk
from nlek.corpus Lnpart stopwards

import string

from nltk.stem.wordnet inport Wordletlenmatizer

import warnings
warnings . simplefilver( ignore')
frem itertools impoet chain

Leaking Ln indexes: hitps:é/pyel ore/simple, htps://us-oythen ke, devicalab uheelsfoubllc fstmplel
Cellecting gangle play scrsper
Dowaloading google play_scraper-1.2.3-pyd-none-sny.uhl (38 k@)
Installing callected packages: gaogle play_scraper
Successfully installed google_play_scraper-1.3.3
Leoking in Indees: hitp i.0ressl httr awthen.pke.dev/calabouheels frublic f2imple,

Collecting sklearn
Dowalaading sklearn-8.8.pastd.tar g2 (3.8 kE)
Preparing met ¥) ... dane

Bullding wheels far ed packages: sklearn

Building wheel for sklearn (satup.py) ... done
Crested wheel for sklearn: filaname=sklesrn-g.8.postd ia-any.whl 5128-3973 3ha7S6-BS3eCOCEbbS TISI6CSTATA RADIa2f ek esTERIECEs 13 FoLacIct 1efacsRazn
stored in directory: /root/.cache/plpfuneels ds/bar 7034955129393 931800b97I0TACLS67209579BC059

Successfully bullt sklearn
Installlng collected packages: sklearn

-~ B Qil [l | i @ A nc

. x
= 12:52 PM
~ o W3 ENG
(s 4/25/2023
+ v - 8 X

O@ 7T O

0 camment 2=

+eoQgodn

12:55 PM

~ @ W ENG
7 2 4/25/2023

Figure 159 : Topic Modelling of AR GPS Navigation 2021 GPS Map.

Bachelor of Information Systems (Honours) Business Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR

227



CHAPTER 4

#l Tumitin - ClassPortfolio X | (&) ARNavigation SurveyRe: X | %y Paraphrasing Teel - Quill X €O tepmedpinnaripynb - - X €O topmedargpsnavigation? X | 4

€ - C @& wlab.research.google.com/drive/1gpCHG-UgsevNUIQrhT81gRE_Sypqh9Bj Q

co & topmodpinnaripynb
File Edl View Insert Rumtime Taols Help

+ Code + Text

a © \plo tnstsll geogle play_scraper
Lpip Lnstall sklearn
] Lpip dnstall pyldavis
#lpip Lostall -q google play scraper #Scraplng revieds

B import pandas as pd

from google_play_scraper.features.ravies lnpart Sart, reviews_all, reviews

from sklearn, festure_extrsction.text inport countwectorizer

frem sklesn.decompasition stentDLrichLetallocation

#from sklaarn. feature_extraction.text inpart TridfVectarizer

impert numpy sz np

import gensim #the Library for Topic modelling

from gensin.models.Ldamulticore lnart Ldsmulticors

frem gensin inpore corpors, madels

import pyLDAvLS.gensim #L0A visualization Library

import mltk

from nltk.corpus Lnport stopuards

import string

from nltk.stem.wordnet inport WordNetLenmatizer

tmport warnlngs

warnings. simplefilter(ignore’)

frem ftertools import chain

Laoking Ln Sndexes: MCtpsiffpyed.orgisimple, MEtpsi/fus-oython pky.devscalsbeshesls foublic/sinpler

tollecting gaogle_play_scraper

D -nene-any.uhl (28 kB)
o sklearn: Filenamessklearn-8.8.posta-py3-none-any.uhl slze=2073 sh 37 10650 7990430417149 10534713 1450678245 18 14 e33Ra5c 063
Ln directory: freot/.cache/plp/uneels/ds /b2/a3/506415 7674349554 2820833050 Beasd

= 11y built sklaarn

o rallacted narkasss: skl aann

a1
‘Waiting for colab research, google. com

88 2 Type here tosearch

. WA - - I B )
Figure 160 : Topic Modelling of Pinn AR.

Bachelor of Information Systems (Honours) Business Information Systems

W

- =] X

H % 0@ T O ADO@ ;

£ 3c

a comement

5 shere 03 0

teaedN

~ 7 G W ENG

Faculty of Information and Communication Technology (Kampar Campus), UTAR

. x
12:56 PM
4/25/2023 ‘

228



CHAPTER 5

CHAPTER 5

5.0 System Model

The Universal Systems Model is a framework used to simplify and analyze complex
processes. It has four main components: system inputs (resources like people and
materials), processes (actions within the system), outputs (results of processes), and
feedback (adjustments based on outputs). It's a versatile tool for understanding and
improving systems in various domains, such as technology and manufacturing, by

breaking them down into manageable parts[39].
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Figure 161 : System Model diagram.
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5.1 System Architecture Diagram

AR Navigation App
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Figure 162 : System Architecture diagram.
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5.2 Use Case Diagram

Navigation

Actor

Figure 163 : Use case diagram.

User: Interacts with the app to navigate, customize settings, and access various
functionalities.

Navigation: Initiates navigation, receives real-time directions, traffic updates, and
reaches the destination.

Settings: Allows users to personalize their navigation experience, adjust preferences,

and configure app settings.
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5.3 Conceptual model of AR Real-Time Navigation App for Mobile Platform
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Figure 164 : The Conceptual Model.
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The conceptual model for an Augmented Reality (AR) real-time navigation app
designed for mobile platforms outlines the app's key features, interactions, and
functionalities, providing a clear understanding of its design and user experience.

Chapter 1: User Engagement
User Launches App
The user launches the AR navigation app. The navigation journey begins when the user

initiates the app, setting the stage for a seamless navigation experience.

App Welcome Screen and Onboarding
The app welcomes the user with an onboarding process. The onboarding process
introduces users to the app's features, functionality, and user interface, ensuring a

smooth introduction to the navigation experience.

User Grants Permission for Location Access
The app requests the location access permission from the user. User engagement starts
with granting location access, a crucial step for the app to provide accurate real-time

navigation.

Chapter 2: User Interface and AR Integration

AR Overlays for Navigation Cues - User Interface & Visual Design

The app displays AR overlays for navigation cues. The user interface and visual design
component ensures a clean and intuitive user interface, enhancing the AR navigation

experience with easy-to-follow cues.

AR Overlays for Real-Time Navigation - AR Integration
The app integrates AR markers for directions and distance. AR integration seamlessly
incorporates markers into the navigation experience, guiding users in real time with

visual cues and distance information.

Chapter 3: GPS Tracking and Navigation
Precise GPS Tracking - GPS Accuracy & Reliability
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The app maintains precise GPS tracking. GPS accuracy and reliability are paramount,

with real-time positioning updates ensuring accurate navigation throughout the journey.

Turn-by-Turn Directions - Navigation Features
The app provides turn-by-turn directions. Navigation features include step-by-step

guidance, lane assistance, and real-time traffic updates, enhancing the user's journey.

Chapter 4: Offline and Integration

Downloadable Maps for Offline Use - Offline Mode

The app offers downloadable maps for offline use. Offline mode ensures navigation
availability in areas with limited connectivity, expanding the app's usability.

Connect with Popular Mapping Services - Integration with Other Services

The app integrates with third-party mapping services. Seamless integration with
mapping services and ride-sharing apps simplifies the navigation experience and
extends functionality.

Seamless Ride-Sharing App Integration
The app facilitates ride-sharing app integration. Users can seamlessly transition from
navigation to booking rides, enhancing the convenience of their journey.

Feedback Loop
The app offers a feedback loop. User feedback is crucial, and the app enables

continuous improvement based on user suggestions and experiences.

Chapter 5: Customization and User Experience
Settings
Users can customize settings. Customization options enhance the user experience,

allowing users to tailor the app to their preferences.

Guided App Introduction and Tutorial - User Training and Onboarding
The app provides a guided onboarding process. New users are guided through the app’'s

functionalities, ensuring they are well-equipped to navigate effectively.
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Fast and Responsive Performance - Performance & Speed
The app prioritizes fast and responsive performance. Efficient route calculations and

responsive interactions contribute to a seamless navigation experience.

Chapter 6: User Feedback and Experience Enhancement
In-App Feedback Mechanism - User Feedback & Improvement
The app includes an in-app feedback mechanism. Users can report issues and offer

suggestions, which drive regular updates to enhance the app's performance and features.

Smooth and Enjoyable Navigation - Positive User Experience
The app focuses on delivering a smooth and enjoyable navigation experience.
Personalization options, well-implemented AR features, and user testimonials

collectively contribute to user satisfaction.

User Ratings and Reviews - General Opinions & Quality
The app encourages users to provide ratings and reviews. General opinions and quality

assessments from users help shape the app's reputation and further improvements.

Chapter 7: Cross-Platform Availability
App Availability on Multiple Platforms - Cross-Platform Availability
The app is accessible across various platforms. Cross-platform availability ensures a

wider user base and increased accessibility for users on different devices.

Chapter 8: App Ready for Navigation

User Initiates Navigation

The user enters a destination or selects a point of interest (POI) to navigate to. The
navigation process commences when the user inputs a destination, setting the stage for

real-time guidance.

AR Navigation Experience
The app calculates the optimal route and displays AR overlays. AR overlays provide
turn-by-turn voice and visual directions, enhancing the navigation experience with real-

time guidance and POI highlights.
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Real-Time Traffic and Updates
The app monitors real-time traffic conditions. Real-time traffic updates inform users of

road conditions, incidents, and suggest alternative routes for efficient navigation.

AR POI Exploration
Users can explore AR markers for nearby POIs. Users can interact with AR markers to

access information about nearby points of interest as they approach them.

User Interaction and Feedback
The app encourages user interactions with AR elements. Continuous feedback on
navigation accuracy and AR usability is gathered, enhancing the overall navigation

experience.

Destination Arrival
The app alerts the user upon reaching the destination. The app guides users through the

final steps, such as parking or last-minute directions to the destination.

Post-Navigation Options
Users are offered options to save the route, share it, or view past navigations. Users can
save or share their navigation experiences, making it convenient for future reference or

sharing with others.

End Navigation Process
The navigation process concludes with an invitation for user feedback. Users are
encouraged to rate their navigation experience and provide additional feedback,

contributing to ongoing improvements.

This comprehensive conceptual model illustrates the various actions,
components, and interactions within the AR real-time navigation app, emphasizing user
engagement, customization, and continuous enhancement. The model serves as a
foundation for the development of a cutting-edge navigation app that offers a seamless

and enjoyable journey for users on mobile platforms.
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CHAPTER 6

Comparison of Existing Research and Conceptual Model for AR Real-Time
Navigation App
6.0 Augmented Reality Navigation[40]

User Engagement

Existing Research discusses the importance of user engagement, particularly in
terms of combining real-world views with location information for AR navigation. The
Conceptual Model aligns with this by emphasizing user engagement through

onboarding, permissions, and a smooth introduction to the navigation experience.

User Interface and AR Integration

Existing Research explores various display options for AR navigation,
including video displays, optical displays, and projective displays. The Conceptual
Model covers the user interface and AR integration aspect by highlighting the

importance of AR overlays for navigation cues and real-time integration of AR markers.

GPS Tracking and Navigation

Existing Research underscores the significance of accurate GPS tracking and its
integration with AR to create augmented reality. The Conceptual Model parallels this
by emphasizing precise GPS tracking and turn-by-turn directions as essential elements

of navigation.

Offline and Integration

Existing Research mentions the use of GPS and other sensors in vehicles for AR
navigation and the potential for integrating external data sources. The Conceptual
Model incorporates offline capabilities and integration with third-party mapping and

ride-sharing services, aligning with industry standards.
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Customization and User Experience

Existing Research discusses the need to balance the amount of virtual
information with real-world views for a positive user experience. The Conceptual
Model emphasizes customization and user experience through settings, guided

onboarding, and fast, responsive performance.

User Feedback and Experience Enhancement

Existing Research suggests that AR navigation can enhance user experiences by
providing additional contextual information. The Conceptual Model incorporates an in-
app feedback mechanism and focuses on delivering a smooth and enjoyable navigation

experience through personalization and user interaction.

Cross-Platform Availability

Existing Research mentions that smartphones are ubiquitous and suitable for
both vehicular and pedestrian navigation. The Conceptual Model ensures cross-

platform availability, catering to users on different devices.

In summary, the user's conceptual model aligns closely with the existing
research on AR navigation, covering key aspects like user engagement, interface design,
GPS tracking, offline capabilities, customization, user feedback, and cross-platform
availability. The conceptual model builds upon these principles by providing a detailed
roadmap for the development of a user-friendly AR real-time navigation app for mobile
platforms. Both the existing research and the user's conceptual model share common
ground in terms of the fundamental concepts and objectives of AR navigation. This
alignment is a strong foundation for the design and development of a cutting-edge AR

navigation app that offers an exceptional user experience.
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6.1 CONCEPTUAL MODEL OF MOBILE AUGMENTED REALITY FOR
CULTURAL HERITAGE SITE TOWARDS ENJOYABLE INFORMAL
LEARNING ASPECT[41]

User Engagement

The conceptual model and existing research differ in their primary focus. The
conceptual model centers on user engagement in the context of an AR navigation app,
while the existing research concentrates on enjoyable informal learning at cultural
heritage sites. However, both emphasize the significance of user engagement, albeit in

different contexts.

User Interface and AR Integration

The conceptual model focuses a heavy emphasis on the integration of AR for
navigation, a characteristic not explicitly mentioned in the prior studies. Both models
recognize the significance of user interface design, but the conceptual model goes

beyond by integrating augmented reality (AR) to aid navigation.

GPS Tracking and Navigation

The conceptual model's focus on GPS tracking, turn-by-turn directions, and
traffic updates is distinct from the existing research, which lacks discussion in this area.
While both models highlight user experience, the conceptual model places a specific

emphasis on navigation features.

Offline and Integration

The conceptual model's inclusion of offline navigation and integration with
external services distinguishes it from the existing research. Both models prioritize user

convenience, but the conceptual model explores these aspects more comprehensively.

Customization and User Experience
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The conceptual model's focus on user customization and guided onboarding
processes sets it apart from the existing research. The existing research briefly mentions
personalization options but does not delve into customization or user experience related
to navigation. Both models emphasize user satisfaction, but the conceptual model oftfers

more detailed insights into customization and user experience.

User Feedback and Experience Enhancement

The conceptual model's focus on gathering user feedback and enhancing the
navigation experience aligns with the existing research's emphasis on user satisfaction.
The existing research mentions user feedback in the context of enjoyable informal
learning but does not explore it extensively. However, the conceptual model places

more emphasis on the feedback loop for navigation improvement.

Cross-Platform Availability

The conceptual model's consideration of cross-platform availability is not
addressed in the existing research. Both models prioritize accessibility but in different

contexts.

App Ready for Navigation

The conceptual model provides a comprehensive overview of the navigation
process, including post-navigation options and feedback collection, which is not present
in the existing research. Both models prioritize a seamless user journey but differ in

their focus areas.

Although the conceptual model and extant research diverge in their principal
areas of emphasis, they do exhibit shared elements pertaining to user involvement and
pleasure. The conceptual model expands upon these themes within the domain of

augmented reality (AR) navigation, providing a more comprehensive examination of
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navigation-related attributes and improvements. In contrast, the existing research
primarily focuses on the development of an engaging educational encounter at cultural
heritage sites through the utilization of AR technology. In brief, the conceptual
model for the augmented reality (AR) real-time navigation application prioritizes user
involvement, personalization, and seamless navigation capabilities. This separates it
from previous research that primarily focuses on enhancing informal learning
experiences at cultural heritage sites with an emphasis on enjoyment. Both approaches
emphasize the significance of user satisfaction, but in distinct situations and with

various degrees of specificity.

6.2 MOBILE AR GPS-BASED FOR NAVIGATION PURPOSE[42]
User Engagement

The conceptual framework places significant emphasis on user involvement,
beginning with the initial instance of the user initiating the application. The application
incorporates an onboarding procedure aimed at acquainting users with the various
elements of the app, therefore facilitating a seamless initiation into the navigation
experience. The existingresearch briefly acknowledges the interactive and enjoyable
elements of augmented reality (AR) navigation, but lacks specific information about
the qualities that enhance user involvement. The conceptual model lays significant
importance on user involvement, providing a well-organized onboarding procedure.
This discrepancy presents a significant contrast to the current body of data, which

demonstrates a dearth of user-centric attributes.

User Interface and AR Integration

The conceptual framework delineates the incorporation of augmented reality
(AR) into the user interface, encompassing the utilization of AR overlays to provide
navigation cues. The implementation of a clean and simple user interface serves to
enhance the augmented reality (AR) navigation experience by providing easily
understandable indications for users to follow. The existing research examines the ways

in which augmented reality (AR) improves navigation experiences, but it does not
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extensively explore the specific user interface or integration aspects of AR. The
conceptual model offers pragmatic guidelines for incorporating augmented reality (AR)
into the user interface, therefore improving the navigation experience through the use
of visual cues. The current study diverges significantly from previous studies in terms

of its more theoretical orientation.

GPS Tracking and Navigation

The integration of GPS tracking and navigation plays a crucial role in the
conceptual framework. The application places significant emphasis on the utilization
of precise GPS tracking, providing turn-by-turn directions, offering lane assistance, and
delivering real-time traffic updates. These features together contribute to the attainment
of accurate and efficient navigation. The existing research addresses the use of
augmented reality (AR) in the presentation of maps via the camera of a mobile device.
However, it does not go into the specific navigation approaches associated with this
technology. The conceptual model presents a comprehensive set of methodologies for
GPS-based navigation within the augmented reality (AR) application, with a specific
emphasis on achieving real-time precision and providing effective advice to users. The
pragmatic methodology employed in this study diverges from the conventional

research's broader discourse.

Offline and Integration

The conceptual model discusses offline functionality, allowing users to
download maps for use in areas with limited connectivity. It also emphasizes seamless
integration with third-party mapping services and ride-sharing apps. The available
literature provides a concise mention of the possible utilization of voice integration and
picture overlay in augmented navigation systems for journey route visualization. The
conceptual model of the application incorporates practical functionalities, such as the
provision of offline maps and seamless connection with external services, therefore

augmenting the overall usefulness of the app. This is a significant divergence from the
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current body of research, which has only provided a restricted analysis of prospective

characteristics.

Customization and User Experience

The conceptual approach emphasizes the inclusion of customization
possibilities, enabling users to personalize the application according to their own
interests. Additionally, it places emphasis on providing guided onboarding processes
for new users and ensuring efficient and responsive performance. The extant literature
discusses the evolution of user interfaces towards increased graphical representation
and immersive qualities, although it fails to provide detailed insights into specific user
experience attributes. The conceptual model places emphasis on the customisation and
performance aspects that are centered around the user, with the goal of enhancing the
navigation experience to be more seamless and pleasurable. The strategy employed by
this study, which prioritizes the needs and preferences of users, diverges from the

broader viewpoint adopted by previous studies.

User Feedback and Experience Enhancement

The conceptual approach has an in-app feedback mechanism that enables users
to report any concerns encountered and offer recommendations for ongoing
enhancement. The extant literature provides a concise overview of the evolutionary
trajectory of augmented reality technology and its prospective applications in the
domain of navigation systems. The conceptual approach actively encourages user
feedback and facilitates continual enhancements, hence enabling continuous
improvements informed by user recommendations. This diverges from the restricted

discourse on the emergence of augmented reality in previous studies.

Cross-Platform Availability

The conceptual model of the application guarantees that it is available on several
platforms, allowing users to access it on a variety of devices. The extant literature

discusses the evolving environment of augmented reality in the realm of mobile phones.
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The conceptual framework emphasizes the significance of cross-platform compatibility,
which contributes to a broader user demographic and enhanced accessibility.
Concurrently, the existing body of research offers a general observation pertaining to

augmented reality (AR) usage on mobile devices.

App Ready for Navigation

The conceptual model provides a comprehensive overview of the navigation
process, encompassing user initiation, destination arrival, post-navigation choices, and
the collecting of user feedback. The preceding study continues by acknowledging the
promise of enhanced navigation systems for future generations. The conceptual model
presents a complete framework for navigating the app, including the full experience.

On the other hand, the existing research gives a more future-oriented viewpoint.

The conceptual model presents a pragmatic and user-oriented framework for an
augmented reality (AR) navigation application, including distinct functionalities,
methodologies, and approaches to user involvement. On the contrary, the
existing research mostly concentrates on the theoretical dimensions of augmented
reality (AR) in the context of navigation, delving into its potential advantages. The
conceptual model functions as a foundational framework for the creation of a resilient
augmented reality (AR) navigation application, with a focus on enhancing user

contentment and facilitating ongoing enhancements.
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Chapter 7

User Interface (Ul) Prototype

7.0 Main Screen

Main Screen provide information related to the user's current location, nearby places of

interest, and various app features.
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This section offers users information about their current location and nearby points of
interest, allowing them to make informed decisions about where to go next. It also
provides quick access to various app features and settings.

User Engagement and Location Search
Upon launching the AR Real-Time Navigation App, users are greeted by a welcoming
main screen. Here, they have the option to search for a specific location using the search

bar, ensuring that they can navigate to their desired destination with ease.

Current Location Display
Beneath the search bar, users can find a map that displays their current location. This

feature helps users orient themselves and gain a visual understanding of where they are.

Exploring Nearby Places of Interest

The main screen goes a step further by offering valuable information about nearby
places of interest. These places are categorized into sections like restaurants, gas
stations, and pharmacies. Users can quickly identify which of these businesses are
currently open and view their respective distances. This information empowers users to

make informed decisions about where to go based on proximity and business hours.

Initiating Navigation

When users find a place they want to visit, they can effortlessly start their navigation
journey by tapping the "Start Navigation™ button. This action seamlessly transitions
them to the "Navigation Screen,” where they receive turn-by-turn directions, real-time

traffic updates, and other relevant information for a smooth journey.

Accessing Saved Routes and Favorites

For users who prefer to revisit familiar routes or destinations, the app provides quick
access to saved routes and favorite locations. By navigating to the "Saved Route
Screen," users can effortlessly retrieve routes they've previously used and access their
favorite destinations. This feature adds convenience and efficiency to their navigation

experience.
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Enhanced User Experience Through Navigation Options

Performance and Speed Screen: Users can fine-tune the app's performance settings,
ensuring it operates smoothly and efficiently.

Popular Mapping Services Screen: This section offers integration with well-known
mapping services, providing users with choices and flexibility in their navigation

experience.

Feedback and Reviews Screen: Here, users can offer feedback and read reviews,
contributing to the app's continuous improvement and helping fellow users make

informed decisions.

Post Navigation Summary Screen: After completing a journey, users can review a

summary of their trip, including time, distance, and stops made.

Bottom Navigation

The bottom navigation bar serves as a hub for various sections of the app. Users can
explore their current location or nearby points of interest, access training materials to
better understand app features, view their user profile for personalization, or configure
app settings to tailor the experience to their liking. These options significantly enhance
user engagement, ensuring that the app caters to their unique preferences and needs.
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7.1 Navigation Screen
Navigation Screen provides detailed map view during navigation, providing users with

important information about their route.
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Figure 166 : Navigation Screen.

In this section, users can see detailed information about their current navigation session,
including distance to the destination, estimated time of arrival, weather conditions, and
traffic updates. This information helps users make informed decisions while on their

journey.

Weather
Current weather conditions, which are sunny in this instance.
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Navigation Information

Distance to Destination: Indicates the remaining distance to the user's destination,
which is 2.5 miles in this case.

ETA (Estimated Time of Arrival): The estimated time it will take to reach the

destination, which is 10 minutes here.

Traffic Updates
Congestion Level: Information about traffic congestion along the route.

Time: The current time, which can be relevant for planning the journey.
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7.2 Setting Screen
Setting Screen allows users to customize various aspects of the app to meet their

preferences and needs.
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Figure 167 : Setting Screen.

In this section, users have the flexibility to adjust language preferences, voice options,
and map views to tailor the app to their liking. These settings ensure that users can

navigate and receive directions in a way that is comfortable and familiar to them.

General Settings

Language: Users can select their preferred language for the app's user interface.
Voice: Users can choose their preferred voice for voice-guided navigation.

Map View: Users can select between 2D and 3D map views for their navigation

experience.
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7.3 Feedback and Reviews Screen

Feedback and Reviews Screen provides a platform for users to share their opinions and

experiences.
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Figure 168 : Feedback and Reviews Screen.

In this section, users can read and contribute feedback and reviews about their
experiences with the app. It provides valuable insights for both the app developers and
potential users, helping to improve the app's quality and inform others about its

performance and features.
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7.4 Saved Routes Screen
Saved Routes Screen allows users to access and manage their previously saved

navigation routes.
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Figure 169 : Saved Routes Screen.

In this section, users can access their saved routes, making it convenient to revisit
frequently traveled paths or favorite destinations. The inclusion of a "Favorite
Destination" tag suggests that users can prioritize and organize their saved routes based

on their preferences.
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7.5 Point of Interests Screen (POI)
Point of Interests exploration Screen (POI) provides users with information about
nearby places of interest.
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Figure 170 : Point of Interests Screen.

This section indicates that the user is in the POl Exploration mode, where users can see
AR markers representing nearby points of interest, such as a castle and a restaurant,

along with their respective distances.
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7.6 Offline and Integration Screen
Offline and Integration Screen combines features related to offline functionality and

integration with various services.
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Figure 171 : Offline and Integration Screen.

This screen provides users with a consolidated view of various features and integrations,
including offline mode, to-do lists, ride-sharing bookings, and social media updates. It
offers a holistic experience by combining navigation-related functions with

productivity and social features.

Downloadable Maps

Offline Mode: This section allows users to activate an offline mode, enabling
navigation even in areas with limited or no connectivity. Offline mode ensures that
users can rely on the app's navigation features without requiring a constant internet

connection.
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Integration with Mapping: This subsection indicates that the app seamlessly integrates
with third-party mapping services. Users can access the power and precision of popular
mapping platforms within the app, enhancing their navigation experience.

To-Do List Integration
Users could list down tasks related to grocery shopping upcoming meetings, jot down

and organize creative ideas or brainstorming process.

Ride-Sharing Integration
Book a Ride: This button allows users to initiate the process of booking a ride with a
ride-sharing service, enhancing their mobility options while using the navigation app.

Connect Your Account: This button enables users to connect their accounts with ride-
sharing services like Uber and Lyft, streamlining the booking process and providing a

more integrated experience.

Social Integration

Users could create social media post and discover related content from other users.
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7.7 Downloadable Maps for Offline Use Screen
Downloadable Maps for Offline Use Screen offers users to download maps for offline

use, monitor download progress, and view download summaries.
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Figure 172 : Downloadable Maps for Offline Us Screen.

This screen provides users with the ability to download maps for offline use, monitor
download progress, handle errors, and view a summary of downloaded maps. It
enhances the app's usability in areas with limited connectivity, ensuring that users can

navigate effectively even without an internet connection.

Map Download Selection
Download maps for offline access: A call to action allowing users to select and

download maps for offline use.

Regions for Download

Various regions are available for download, indicating its size.

Download Progress
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Users could perform actions such as pause, play or cancel the download.
Download Error
Failed to download map: An indication that there was an error while downloading a

specific map.

Download Completed
Maps are ready for offline use!l: A message indicating that the map download process

is complete.

Download Summary
3 maps downloaded (23 GB): A summary of the total number of maps downloaded and

their combined size.
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7.8 Popular Mapping Services Screen
Popular Mapping Services Screen offers users to select and configure popular mapping

services and other integrations.
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Figure 173 : Popular Mapping Services Screen.

Mapping Services and Integrations
This screen allows users to configure their preferences for various mapping services
and integrations within the app. They can enable or disable specific services based on

their preferences.
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7.9 Post Navigation Summary Screen

Post Navigation Summary Screen offers a concise overview of a completed journey.

Nz

< AR Real-Time Navigation App

Post-Navigation Summary

Joumey Summary

Compieted jouney details

° B 2 »

e

Figure 174 : Post Navigation Summary Screen.

This screen serves as a post-navigation summary, providing users with essential
information about their completed journey. Users can review details such as the time

taken, distance traveled, and stops made, enhancing their overall navigation experience.

Journey Summary
Time, Distance, Stops: This section displays key information about the completed
journey, including the time taken, the distance traveled, and the number of stops made

during the journey.

Completed Journey Details: This area may offer a more detailed breakdown of the
journey, including the route taken, points of interest visited, and any notable events or

stops.
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7.10 Performance and Speed Screen
Performance and Speed screen provides users with a quick overview of the app's
performance, speed, and data usage.

w4 lz3o
< AR Real-Time Navigation App

Performance and Speed

Excellent Fast Lc

0« = k3 0

Betings

Figure 175 : Performance and Speed Screen.

The performance ratings help users understand how well the app is functioning, and the

data usage information allows them to monitor their data consumption.

Performance Metrics
Performance: A section where users can check the overall performance of the app.
Speed: A section where users can check the app's speed and responsiveness.

Data Usage: A section where users can view the amount of data the app is using.

Performance Ratings
Excellent: A rating indicating that the app's performance is excellent.
Fast: A rating indicating that the app is fast and responsive.

Low: A rating indicating that the app has low data usage.
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7.11 User Training and Onboarding Screen
User Training and Onboarding screen allows users to access tutorials and educational
content to learn how to use the app effectively.

i lirn

< AR Real-Time Navigation App

User Training and Onboarding

Chapter 1

Chapter 2
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Figure 176 : User Training and Onboarding Screen.

It provides access to a tutorial that introduces them to the app's features and

functionalities, making it easier for them to navigate and utilize the app's capabilities.

Start Tutorial: A button that users can click to begin the tutorial.

Tutorial Chapters

Chapter 1: Introduction: The first chapter of the tutorial, which likely introduces users
to the app's basic concepts and functionality.

Chapter 2: Features and Functionalities: The second chapter of the tutorial, focusing on

explaining the various features and capabilities of the app.
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7.12 Profile Screen
Profile screen provides users with a comprehensive overview of their app usage, allows
them to manage their preferences, and offers options for contacting support and

providing feedback.

40z
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Figure 177 : Profile Screen.

Header: Display the user's profile picture or avatar at the top of the screen.
User Information:

e User's name or username.

e User's email or contact information.

e Edit Profile button to allow users to update their information.

Navigation Statistics:
e Total distance traveled.
e Total time spent navigating.

e Number of routes completed.
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Settings and Preferences:

e Options to customize app settings (e.g., units of measurement, language

preferences).
e Notification preferences (e.g., email notifications for updates).

e Accessibility settings (e.g., voice-guided navigation preferences).

Security and Privacy:
e Account security options (e.g., change password, two-factor authentication).

e Privacy settings (e.g., location sharing preferences).

Saved Routes and History:
e Access to saved routes and navigation history.

e A list of previously completed routes with dates and destinations.

Feedback and Support:

e Provide options for users to contact customer support or leave feedback about

the app.

Log Out:
e A button to log out of the app.

Ul Interface link:
https://www.figma.com/file/iB4jU9vQXIVF92zN5Mn2el/fyp2?type=design&node-
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CHAPTER 8

Chapter 8

Research Gaps

Within the field of Sentiment Analysis, a significant deficiency that may be seen
is to the absence of comprehensive sentiment interpretation. Although the code
successfully creates an encompassing sentiment score and categorization (Positive,
Negative, Neutral), it lacks in delivering a comprehensive analysis of sentiment patterns
and a deeper understanding of the factors influencing individual attitudes. In order to
enhance the analysis, it is imperative to undertake a more comprehensive examination
that provides a contextual framework and thorough elucidation of the emotion ratings.
Moreover, within the domain of Visualization, the current code predominantly depends
on a histogram as a means of representing the distribution of sentiment. Although the
above explanation offers a foundational comprehension, additional visual
representations, such as graphical depictions of sentiment trends over time or
segmented by different versions of the application, might provide a more thorough and
nuanced knowledge of the dynamics of user sentiment. Therefore, it is advisable to

investigate supplementary visualization approaches to enhance the analysis.

Several research gaps were discovered within the context of Topic Modeling
using Latent Dirichlet Allocation (LDA). Firstly, in regard to Data Collection and
Preprocessing, the research inadequately addresses the issue of unidentified users.
During the data collecting phase, reviews from users identified as 'A Google user' were
not eliminated. In order to improve the quality of data, it is recommended to
exclude reviews from individuals whose identities are unknown, since this ensures that
the analysis is grounded in identified and trustworthy sources. Additionally, the
procedure of LDA modeling has uncovered a further deficiency in the restricted
quantity of topics that were retrieved from the reviews. Selecting merely two themes
may not sufficiently encompass the range of user thoughts and input. In order to
enhance the comprehensiveness of user opinions, it is advisable to augment the quantity

of themes inside the LDA modeling procedure.
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One notable deficiency within the Conceptual Model is to the insufficient
attention given to the subject of Data Privacy and Security. The utilization of AR
navigation applications necessarily entails the acquisition and analysis of geographical
information, hence giving rise to significant apprehensions regarding user privacy and
potential susceptibilities in terms of security. In order to advance the field, it is
imperative that future research places a high priority on the exploration of resilient
methodologies for safeguarding user data and guaranteeing the security of data
transmission. Furthermore, it is important to conduct a comprehensive evaluation and
highlight adherence to pertinent data protection legislations. One further area of study
that warrants attention is the verification of the conceptual framework. Although the
model offers a thorough framework, it is important to note that it still needs empirical
validation through user testing and feedback. In order to ascertain the congruence
between the conceptual model and the practical requirements and preferences of users,
it is recommended that next research endeavors integrate user studies as a means of

validation.
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Chapter 9
9.0 Results

In conclusion, the sentiment analysis conducted on user reviews for four AR
GPS navigation apps - PinnAR, AR GPS Compass Map 3D, AR GPS Drive, and AR
GPS Navigation 2021 GPS Map - consistently revealed an overwhelming positive
sentiment among users. Both the VADER sentiment analysis model and the
Transformers sentiment analysis model indicated high levels of user satisfaction with
these applications. PinnAR, AR GPS Compass Map 3D, and AR GPS Drive received
moderately positive sentiment scores, while AR GPS Navigation 2021 GPS Map stood
out with an exceptionally high level of positive sentiment. These findings provide
valuable insights for developers, highlighting the strong user appreciation for these apps
and offering a clear path for further improvements. User feedback, as expressed through
sentiment analysis, underscores the success of these AR GPS navigation solutions in
meeting user needs and expectations, making them valuable tools for navigation and

exploration.

The LDA topic modeling process revealed distinct topics related to app
performance, user experience, and functionalities. Pinn AR showed topics related to
map-related applications, user needs, and performance. AR GPS Compass Map 3D
discussed topics related to app performance, user satisfaction, and app quality. AR GPS
Drive had topics related to app functionality, user experience, and integration with
Google Maps. AR GPS Navigation 2021 GPS Map focused on GPS and navigation

applications with AR features and user satisfaction.

Both the conceptual model and existing research highlight the crucial role of
user engagement in the success of an AR real-time navigation app. However, the
conceptual model goes a step further by introducing a structured onboarding process
that guarantees a seamless introduction to the navigation experience. This user-centric
approach significantly enhances the initial interaction users have with the app, setting

it apart from existing research.
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One standout feature of the conceptual model is its practical implementation of
augmented reality (AR) within the user interface, incorporating AR overlays for
navigation cues. This innovative approach provides users with clear and intuitive visual
guidance, thereby enhancing their overall navigation experience. In contrast, existing
research acknowledges the potential benefits of AR but lacks specific insights into how

to integrate it effectively within the user interface.

The conceptual model places significant emphasis on GPS accuracy and
navigation features, including turn-by-turn directions and real-time traffic updates.
These features are instrumental in ensuring precise and efficient navigation. In contrast,
existing research primarily discusses AR's role in presenting maps but does not delve

into the specifics of navigation techniques.

Setting the conceptual model apart is its inclusion of offline functionality,
allowing users to download maps for use in areas with limited connectivity.
Furthermore, its seamless integration with external services enhances the app's overall
usability. While existing research briefly mentions potential features, it lacks the in-

depth implementation details presented in the conceptual model.

The conceptual model prioritizes user customization options and offers guided
onboarding for newcomers. Its commitment to fast and responsive performance further
enhances the overall user experience. In contrast, existing research mentions graphical

interfaces but does not provide specific features related to user experience.

The conceptual model distinguishes itself by actively promoting user feedback
through an in-app mechanism. This user-centric approach allows for continuous
improvements based on user suggestions and experiences. Conversely, existing
research touches on the evolution of AR but overlooks the importance of incorporating

user feedback mechanisms.

Another noteworthy aspect of the conceptual model is its commitment to cross-
platform availability, ensuring that the app can be accessed on various devices. This

strategic decision aims to broaden the user base and increase accessibility. In contrast,
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existing research acknowledges the changing landscape of AR on mobile devices but

does not delve into the considerations of cross-platform compatibility.

The conceptual model provides a comprehensive roadmap for the entire
navigation journey within the app, from user initiation to destination arrival and post-
navigation options. It places a strong focus on the user's entire journey within the app.
Existing research concludes with a more forward-looking perspective.

In conclusion, the conceptual model for the AR real-time navigation app
improves upon existing research by offering a practical and user-centric approach to
AR navigation. It provides detailed features and techniques for enhancing the user's
navigation experience, ensuring accuracy, usability, and engagement. This model
serves as a valuable blueprint for the development of an effective and user-friendly AR

navigation application.
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9.1 Conclusion

In summary, the sentiment analysis performed on user evaluations pertaining to
four augmented reality (AR) GPS navigation applications, namely PinnAR, AR GPS
Compass Map 3D, AR GPS Drive, and AR GPS Navigation 2021 GPS Map,
consistently revealed a predominant expression of positive attitude among the users.
Both the VADER sentiment analysis model and the Transformers sentiment analysis
model demonstrated significant levels of user satisfaction with these apps. PinnAR, AR
GPS Compass Map 3D, and AR GPS Drive were found to have gotten sentiment scores
that were relatively favorable. However, AR GPS Navigation 2021 GPS Map stood out
in particular, as it garnered an extraordinarily high degree of positive sentiment. The
aforementioned findings give significant insights for developers, underscoring the high
level of user satisfaction with these applications and presenting a distinct trajectory for
future enhancements. The sentiment analysis of user feedback highlights the efficacy
of these augmented reality (AR) GPS navigation systems in fulfilling user requirements
and satisfying their expectations, therefore establishing them as important instruments

for navigation and exploration.

The process of LDA topic modeling unveiled discrete themes pertaining to
application performance, user experience, and functions. The Pinn AR study included
many subjects pertaining to map-based applications, user requirements, and
performance. The themes addressed in the AR GPS Compass Map 3D discussion
encompassed aspects pertaining to the performance of the application, the level of
pleasure experienced by users, and the overall quality of the program. The AR GPS
Drive application encompassed subjects pertaining to the functioning of the app, the
user experience, and the connection of the app with Google Maps. The AR GPS
Navigation 2021 GPS Map is a software program that primarily emphasizes GPS
technology and navigation functionalities, while also including augmented reality (AR)

capabilities.

The significance of user engagement in the effectiveness of an augmented

reality (AR) real-time navigation application is emphasized by both the conceptual
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model and previous research. However, the conceptual model extends its functionality
by incorporating a well-organized onboarding procedure that ensures a smooth
initiation into the navigation interface. The use of a user-centric strategy greatly
improves the initial engagement that users have with the application, distinguishing it

from previous research efforts.

A notable characteristic of the conceptual model is its effective integration of
augmented reality (AR) into the user interface, wherein AR overlays are utilized to
provide navigation cues. This creative method improves the entire navigation
experience for users by offering clear and understandable visual advice. On the other
hand, extant literature recognizes the potential advantages of augmented reality (AR);
yet, it exhibits a dearth of precise understandings regarding the optimal methods for

seamless integration of AR inside the user interface.

The conceptual model lays considerable emphasis on the accuracy of GPS and
navigation capabilities, including turn-by-turn directions and real-time traffic updates.
These characteristics play a crucial role in guaranteeing accurate and effective
navigation. In contrast, the scholarly literature predominantly focuses on the function
of augmented reality (AR) in the presentation of maps, while providing limited

exploration of the specific navigation strategies employed.

The distinguishing characteristic of the conceptual model is in its incorporation
of offline capability, enabling users to download maps for utilization in regions with
restricted connection. Moreover, the app's general usefulness is enhanced by its smooth
connection with external services. Although previous studies touch upon certain
characteristics, they fail to provide the comprehensive implementation specifics

outlined in the conceptual framework.

The conceptual model places emphasis on user customization possibilities and
provides guided onboarding for those who are new to the system. The dedication to
swift and efficient performance serves to augment the entire user experience. In
contrast, previous scholarly investigations discuss graphical interfaces, although fail to

offer explicit details on user experience-related functionalities.
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The conceptual approach differentiates itself by actively facilitating feedback
from users through an in-app method. The use of a user-centric strategy facilitates
ongoing enhancements informed by user feedback and experiences. On the contrary,
extant literature addresses the evolutionary aspects of augmented reality (AR) while

neglecting the significance of integrating user feedback methods.

An additional salient feature of the conceptual model is to its dedication to
cross-platform accessibility, hence guaranteeing the application’'s use across several
devices. The primary objective of this strategy choice is to expand the user demographic
and enhance the level of accessibility. On the contrary, extant literature acknowledges
the dynamic nature of augmented reality (AR) on mobile devices; yet, it falls short in

thoroughly examining the implications of cross-platform compatibility.

The conceptual model offers a thorough framework outlining the full process of
navigating within the application, encompassing user initiation, destination arrival, and
further post-navigation choices. The application lays significant emphasis on the
comprehensive user experience during the full duration of interaction. Previous studies

have reached a conclusion that adopts a future-oriented viewpoint.

In summary, the conceptual model employed in the AR real-time navigation
application enhances previous research efforts by presenting a pragmatic and user-
oriented strategy for augmented reality navigation. This resource offers comprehensive
information on various features and methodologies aimed at improving the user's
navigation experience, with a focus on strengthening accuracy, usability, and
engagement. The aforementioned model functions as a beneficial framework for the

creation of an efficient and user-centric augmented reality navigation application.
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9.2 Recommendations

Future research in the field of AR real-time navigation apps should prioritize
several key areas for improvement and exploration. The ongoing evolution of user-
centric development necessitates a continued emphasis on the enhancement of user
interfaces. It is imperative for researchers to undertake investigations into the
development of intuitive and user-friendly interfaces that effectively include
augmented reality (AR) components. This entails ensuring that navigation cues and

information are provided in a clear and efficient manner.

Furthermore, it is imperative for researchers to dedicate efforts towards
enhancing onboarding procedures in order to provide thorough introductions to
application functions, accommodating the needs of both inexperienced and proficient
users. There is a need to enhance the range of customization choices available to users,
enabling them to personalize their navigation experience based on their own tastes. This
may encompass the implementation of adaptable augmented reality overlays,
personalization through voice commands, and the configuration of settings tailored to

individual users.

Future study should aim to investigate novel methods for improving augmented
reality (AR) overlays in terms of integration. The investigation of more immersive and
context-aware augmented reality (AR) markers might be undertaken by researchers,
with the aim of assuring the provision of pertinent and timely information to users.
Moreover, the integration of real-time object identification holds significant potential
as it enhances the functionality of augmented reality (AR) navigation applications by
enabling them to identify and furnish pertinent details regarding tangible things and

impediments inside the physical environment.

In order to optimize the use of augmented reality (AR) navigation, it is
imperative to prioritize the precision of GPS technology and the timely provision of
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real-time location updates. Academic researchers want to prioritize the enhancement of
GPS tracking technology, particularly in densely populated metropolitan environments
and regions with restricted signal availability. Additionally, there is a need to develop
more intricate and adaptable turn-by-turn navigation instructions. The incorporation of
lane assistance and extensive real-time traffic information has the potential to greatly

enhance the functionality of these applications.

The enhancement of offline capabilities is of utmost importance in order to
accommodate consumers located in rural or low-connectivity regions. It is imperative
for researchers to investigate techniques aimed at enhancing the efficiency of map data
storage and updating processes. This would facilitate the ability of users to download
maps for offline usage, while simultaneously decreasing the amount of storage space
required.

The importance of addressing the different landscape of mobile devices and
platforms is equally emphasized in ensuring cross-platform compatibility. It is
imperative for researchers to prioritize the development of augmented reality (AR)
navigation applications that can be used across a multitude of operating systems and

devices, encompassing smartphones, tablets, and wearable technologies.

Moreover, it is important to consider the importance of security and privacy.
Future research should prioritize the development of reliable methods aimed at
safeguarding user location data and personal information against potential threats or

unauthorized usage.

It is imperative for environmental impact studies to thoroughly examine the
energy consumption and sustainability aspects of augmented reality (AR) navigation
applications, with the objective of mitigating their carbon emissions and resource use.
In order to optimize the overall navigation experience, it is recommended that

researchers go into the realm of multi-modal navigation. This entails the integration of
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many modes of interaction, such as voice commands, gesture control, and haptic

feedback, in order to provide a more immersive and intuitive user experience.

Furthermore, it is imperative for researchers to take into account the potential
for specialized applications of augmented reality (AR) navigation that extend beyond
the realm of general navigation. Sectors such as healthcare, logistics, and industrial
environments may possess distinctive utilization scenarios and prerequisites that need

additional scrutiny.

Longitudinal user experience studies are crucial for monitoring user adaption
and interaction with augmented reality (AR) navigation applications over prolonged
durations. These studies have the potential to offer useful insights into the preferences
of users, their pain areas, and their increasing demands. This, in turn, can facilitate
ongoing progress in the rapidly changing field of augmented reality (AR) real-time

navigation.

In summary, it is recommended that future studies pertaining to augmented
reality (AR) real-time navigation applications prioritize the improvement of user
interfaces, the augmentation of customization options, and the advancement of unique
AR overlays. Additionally, it is imperative that the application places a high priority on
ensuring GPS accuracy, offline functionality, cross-platform compatibility, as well as
maintaining robust security measures and safeguarding user privacy. The continued
advancement and enhancement of augmented reality (AR) navigation solutions may be
facilitated by the investigation of environmental implications, the adoption of multi-
modal navigation techniques, the development of specialized apps, and the

implementation of long-term user experience research.
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Questionnaire Sample

A STUDY ON THE REAL-TIME NAVIGATION IN AUGMENTED REALITY
(AR) TECHNOLOGY FOR MOBILE PLATFORM

Dear Respondents, | am Ting Qiao Thong, a final-year Bachelor of Information
Systems (Honours) Business Information Systems student at the University Tunku
Abdul Rahman Kampar Campus.

I'm performing research on real-time navigation in augmented reality (AR)
technologies for mobile platforms. The study's aims are to research user preferences
and needs of young adults for AR real-time navigation, as well as to offer a conceptual
model for designing an engaging and captivating real-time augmented reality
navigation experience for mobile platforms. This survey is critical for my research since
it allows me to finish my final year project.

Your comments will be kept private and confidential, and will only be used for
educational and research purposes. Your insightful replies would be extremely
beneficial to the study.

Participation in the survey is entirely voluntary, and you are free to leave the study at
any moment. Please keep in mind that there is no right or wrong response to any
statement. If you have any inquiries about this survey, please contact me at
tqt1001@lutar.my.

Thank you so much for your time and support in advancing this study. Your time and
patience in completing this survey would be greatly appreciated.

1. Age

e 17-20
o 21-25
e 26-30

2. Gender

e Male
e Female
e Other...

3. Occupation status

e Employed
e Unemployed
e Full-time student
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e Other...

4. Education level

e Primary level

e Secondary level
Foundation/Diploma
Bachelor's degree
Master's degree
PHD

Other...

5. Do you have any prior experience in the technological field? (exp. IT, Al, Robotics,
Internet of Things, Virtual Reality, Biotechnology, Renewable Energy, Website
Design, etc.)

e Yes
e NoO

6. Have you ever heard of any Real-Time Navigation in AR technology?

e Yes (Please proceed to Section 2 - Questions 7 - 17)
e No (Please proceed to Section 3 - Questions 18 - 22)

After section 1
Section 2 of 3

Section 2 - Users with prior experience using Real-Time Navigation in AR technology

7. Which of the following are your most frequently used AR Real-Time Navigation
Applications?

Pinn AR

AR GPS Drive

AR GPS Compass Map 3D

AR GPS Navigation 2021 GPS Map
Sygic Navigation and Apps
Wikitude

Augmentra ViewRanger

Google Maps

GPS Map Camera Lite

Komoot: Bike Trails & Routes
Spyglass

Magic Earth Navigation & Maps
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8. How frequently do you use AR Real-Time Navigation Apps?

Once per day

2-4 times per day

4 times or more per day
Once per week

2-4 times per week

5-6 times per week
Once per month or less
1-3 times per month

9. What prompted you to utilize the AR Real-Time Navigation Apps today?

Convenience and easier navigation

Improved safety and efficiency

Growing popularity of AR technology

Real-time visualization for both text and graphics

Provide real-time data on traffic jams and nearby accidents

Able to explore the environment in a more intuitive and immersive way
Provide interactive and engaging experience

Provide additional information and context to the user

Emergency response situations to provide critical information and directions to
first responders

Provide a more accessible way for people with disabilities

Other...

10. What is your top priority when it comes to using AR Real-Time Navigation Apps?

Customization and personalization features
Accuracy and Reliability

Privacy and security

Real-time navigation

User-friendly interface

Integration with other apps and services
Compatibility with different devices and platforms
Offline navigation

Augmented reality points of interest

Safety features

Social features

Multilingual support

Battery life

Real-time collaboration

3D mapping

Voice commands

Other...
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11. Which aspects are the least significant to you?

Social features
Customization options
Gamification elements

3D models or animations
Integration with other apps
Customizable avatars
Branding and advertising
Access to additional information
In-app purchases
Augmented reality effects
Voice assistants or chatbots
Advanced analytics

Virtual reality experiences
Traffic data

Social media integration
Music integration
Community-based features
Virtual assistants or chatbots
Other...

12. In your opinion, what are the concerns related to information security and privacy

when using AR Real-Time Navigation Apps?

Third-party data sharing
Physical safety concerns
Privacy in public spaces
Compatibility with other apps
Location data privacy
Personal data security
Malware and hacking
Device permissions
Data retention
Biometric data

In-app purchases

Social engineering

Data breaches

Lack of transparency
User profiling
Geolocation tracking
Other...

13. What additional features would you like to see in the future to enhance your user

experience?

Bachelor of Information Systems (Honours) Business Information Systems
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Enhanced personalization
Augmented reality indoor navigation
Improved accesibility features
Environmental and sustainability features
Integration with other apps

3D mapping

Gamification

Offline functionality

Multi-lingual support

\oice commands

Real-time traffic updates
Community-based reporting
Sustainability

Safety features

Integration with smart devices
Augmented reality advertising
Other...

14. How likely are you to suggest the AR Real-Time Navigation Apps to family,

friends, or colleagues?

Extremely unlikely

1
2

4
5

Extremely likely

15. In your perspective, how has AR enhanced existing 2D Navigation Apps?

Visual aids

Personalization

More accurate and intuitive navigation
Better context awareness

Improved safety

Interactive and engaging experience
Multi-modal navigation

Integration with other apps
Accessibility

Real-time information sharing
Environmental awareness

Enhance natural language processing
Other...
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16. What do you believe is the most significant hurdle to VR and AR technologies
today?

e The need for more powerful and affordable hardware
e High cost

e Application development
User experience

Social and ethical implications
Motion sickness

Hardware limitations

Content creation

User adoption

Privacy concerns
Interoperability

Social acceptance

Ethical concerns

Limited physical movement
Other...

17. Do you prefer 2D Navigation Apps or AR Real-Time Navigation Apps?

e Existing 2D Navigation Apps
e AR Real-Time Navigation Apps

After section 2
Section 3 of 3
Section 3 - Users who are unfamiliar with the use of Real-Time Navigation in AR

technology

18. What kinds of navigation tools do you typically use when traveling or exploring

new places?

Google Maps

Waze Navigation & Live Traffic
TomTom GO Navigation

HERE WeGo: Maps & Navigation
MapQuest: Get Directions

Sygic GPS Navigation & Maps
Citymapper: All Your Transport
Transit: Bus & Subway Times
Komoot: Bike Trails & Routes
Scout GPS Link

Gaia GPS: Offroad Hiking Maps
OsmAnd — Maps & GPS Offline
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19. What features do you look for in a navigation app or tool?

Accurate and up-to-date maps

Turn-by-turn directions

Real-time traffic updates

Points of interest

Offline capabilities

Integration with other apps or service
Traffic and road conditions

Customization and personalization

Voice and visual guidance

Battery and data usage

20. How do you think AR real-time navigation apps might be different from
other navigation apps you have used before?
Visual experience

Real-time information

Interactive features

Hands-free operation

More dynamic and personalized navigation
More immersive and engaging experience
More accurate and intuitive

21. What concerns or reservations do you have about using AR real-time navigation

apps?

Privacy and security concerns

Technical issues (Battery life, compatibility and connectivity)

Potential distractions or safety risks

Reliance on technology and potential loss of traditional navigation skills
Reliability and accuracy

Concerns about the cost of AR-enabled devices

Limited availability and accessibility of AR real-time navigation apps in certain
areas

Learning curve

22. Are you interested in trying out AR real-time navigation apps in the future?

Yes
No
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FINAL YEAR PROJECT WEEKLY REPORT
(Project I1)

Trimester, Year: T3Y3 | Study week no.: 6

Student Name & ID: Ting Qiao Thong 19ACB03014

Supervisor: Ts. Saw Seow Hui

Project Title: THE CONCEPTUAL MODEL FOR THE REAL-TIME
NAVIGATION IN AUGMENTED REALITY (AR) TECHNOLOGY FOR
MOBILE PLATFORM

1. WORK DONE

[Please write the details of the work done in the last fortnight.]

Over the past fortnight, | concentrated on analyzing user preferences and
requirements for AR real-time navigation on mobile platforms. This entailed
synthesizing data obtained from existing AR real-time navigation apps, survey
responses, and data collected through sentiment analysis and topic modeling. This
approach allowed me to extract valuable insights.

2. WORK TO BE DONE

My upcoming task involves drawing the conceptual model. 1 will utilize and
consolidate the data gathered from sentiment analysis, topic modeling, and survey
responses. The aim is to create a comprehensive conceptual model for AR real-time

navigation that encapsulates the key features and enhancements that users desire.

3. PROBLEMS ENCOUNTERED
One potential challenge is ensuring that the conceptual model | create accurately

reflects user preferences and requirements based on the collected data.

4. SELF EVALUATION OF THE PROGRESS
I'm pleased to report that the data integration phase went more smoothly than
anticipated. The synergy between data sources provided a holistic understanding of

user preferences and requirements for AR real-time navigation.

)~ 1

Supervisor’s signature Student’s signature
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FINAL YEAR PROJECT WEEKLY REPORT
(Project I1)

Trimester, Year: T3Y3 | Study week no.: 8

Student Name & ID: Ting Qiao Thong 19ACB03014

Supervisor: Ts. Saw Seow Hui

Project Title: THE CONCEPTUAL MODEL FOR THE REAL-TIME
NAVIGATION IN AUGMENTED REALITY (AR) TECHNOLOGY FOR
MOBILE PLATFORM

1. WORK DONE
[Please write the details of the work done in the last fortnight.]

Building upon the integrated data, | embarked on the process of drawing the
conceptual model. The goal is to represent the key features, enhancements, and user
expectations for AR real-time navigation. The conceptual model is taking shape and
aligns well with the insights gained from data analysis. It incorporates user
preferences and requirements, making it a valuable framework for guiding the
development of AR navigation systems.

2. WORK TO BE DONE

In the upcoming weeks, I will continue refining and finalizing the conceptual model.

This ensures it accurately represents the synthesized data and aligns with the project's
objectives. Additionally, 1 will conduct a detailed analysis of existing research,
focusing on their methodologies, findings, and contributions to the field of AR real-
time navigation. The comparison with the conceptual model will allow me to identify
synergies and areas for enhancement. Furthermore, | will review the insights gathered
from data analysis and the conceptual model to identify key user requirements,
preferences, and expectations for AR real-time navigation on mobile platforms.

3. PROBLEMS ENCOUNTERED

One challenge has been ensuring that all relevant information was considered during

the integration of data. This meticulous task required careful attention to detail to
avoid overlooking critical insights.
4. SELF EVALUATION OF THE PROGRESS

Drawing the conceptual model necessitated creativity and the ability to translate

abstract findings into a visual representation. This process is ongoing and may require

further refinement.
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FINAL YEAR PROJECT WEEKLY REPORT
(Project I1)

Trimester, Year: T3Y3 | Study week no.: 10

Student Name & ID: Ting Qiao Thong 19ACB03014

Supervisor: Ts. Saw Seow Hui

Project Title: THE CONCEPTUAL MODEL FOR THE REAL-TIME
NAVIGATION IN AUGMENTED REALITY (AR) TECHNOLOGY FOR
MOBILE PLATFORM

1. WORK DONE
[Please write the details of the work done in the last fortnight.]

I focused on comparing the findings and insights from existing research with the
components of my conceptual model. This involved reviewing the insights gathered
from data analysis and the conceptual model to identify the key user requirements,
preferences, and expectations for AR real-time navigation on mobile platforms.
Additionally, I initiated planning for the scope and complexity of my Ul prototype,
determining the number of screens or interactions based on the project's objectives.
2. WORK TO BE DONE

My upcoming tasks include:

Ul Prototype Development
e Starting by creating wireframes for each screen or interaction.
e Refining the wireframes by adding visual elements such as buttons, icons,
text, and images.
e Utilizing Figma's interactive features to transform the wireframes into a
functional prototype.
e Adding clickable elements and defining the interactions between screens.
e Creating comprehensive documentation that explains the purpose and
functionality of each screen in the prototype.
3. PROBLEMS ENCOUNTERED

Designing an effective Ul prototype that meets user requirements and preferences

while ensuring usability can be challenging. It's crucial to ensure that the Ul is
visually appealing without compromising usability.
4. SELF EVALUATION OF THE PROGRESS
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Creating the Ul prototype using Figma is a critical phase that bridges the gap between
research findings and practical design. This phase requires meticulous attention to
detail and iterative refinement based on feedback. | remain committed to producing
a user-friendly and visually appealing Ul prototype that aligns with the project's

objectives and contributes to the field of AR real-time navigation.
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UTAR Faculty of Information and Technology

0

Enhancing Navigation through User-Centered AR Technology

THE CONCEPTUAL MODEL FOR THE REAL-TIME
NAVIGATION IN AUGMENTED REALITY (AR)
TECHNOLOGY FOR MOBILE PLATFORM

Background and Opportunity
« Traditional maps and GPS pose challenges
in navigation.
» AR technology offers unique navigation

enhancement opportunities. Objectives

» Collect user preferences data via a survey.

» Analyze preferences, literature, and app data
to identify vital features.

» Propose a conceptual model for interactive AR
navigation.

Proposed Method L

o Conduct a user preferences survey.

» Perform sentiment analysis and topic modeling on
AR navigation apps.

» Propose a model based on preferences, accuracy, Nearby Places
reliability, and data availability. -

Prstourant Gas Staon

Restaurant Name Gas Stanon a

Why Conceptual Model? Ditance: 0Skm  Distance: 12km  Dis

(‘} « Structured Onboarding [ seveigsion |
— « AR Integration JRp——
' » GPS Accuracy R
ﬂ « Offline Functionality
« User Customization v o
o User Feedback & Pomcet fessbcn s
» Cross-Platform Availability e |y

» Comprehensive User Journey

Conclusion
» The conceptual model offers a user-centric approach to AR navigation.
« Practical and detailed features enhance user navigation experiences.
« |t serves as a blueprint for user-friendly AR navigation applications.

Project Researcher: Ting Qiao Thong
Project Supervisor: Ts Saw Seow Hui
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