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Resumo

A presente dissertação tem como tema a representação de dados cartográficos 3D em ambientes
de Realidade Aumentada (AR) aplicados a tecnologias móveis.

Esta dissertação apresenta o design e desenvolvimento de um jogo de tabuleiro multijogador
baseado em realidade aumentada (AR) para crianças e jovens adultos. O jogo utiliza mapas turís-
ticos da Infoportugal para promover o património cultural e os PoI (Pontos de Interesse) de uma
região conhecida. O jogo foi desenvolvido com a intenção de proporcionar uma experiência de
aprendizagem envolvente e interativa para crianças e jovens, utilizando mecânicas de jogo e tec-
nologia AR. O jogo foi desenvolvido usando Unity, um motor de jogo (GE), e Vuforia, um plugin
AR, para fornecer uma experiência imersiva e interativa para os jogadores. O jogo permite que
os jogadores se desloquem por um mapa virtual da região, respondendo a perguntas associadas a
PoI para os conquistar. O jogo emprega conceitos de gamificação usando a mecânica do jogo para
tornar a aprendizagem sobre o património cultural e os PoI da região mais envolvente e interativa.

A dissertação detalha o processo de desenvolvimento do jogo, incluindo a conceptualização,
design e implementação. Também inclui uma análise minuciosa dos requisitos funcionais e não
funcionais, arquitetura de software, implementação da solução e avaliação da eficácia do jogo
em atingir os objetivos pretendidos. O jogo foi avaliado por especialistas da Infoportugal, testers
individuais e focus groups que forneceram feedback ao longo do processo de desenvolvimento para
garantir que o jogo promove efetivamente o património cultural e PoI da região para o público-alvo
de uma forma envolvente e interativa, usando gamificação e Tecnologia AR.

Estas funcionalidades foram aplicadas a um mapa turístico de um território conhecido (Mon-
talegre) de forma a investigar formas de promover o turismo, melhorando e inovando a forma
como as pessoas aprendem e exploram novas cidades e outros espaços. Embora esta dissertação
seja apenas um estudo de caso, com esta implementação, a solução proposta pode tornar-se um
trampolim para o desenvolvimento de uma ferramenta universal para qualquer região que se pre-
tenda promover.
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Abstract

The present dissertation has, as its theme, the representation of 3D cartography data in Augmented
Reality (AR) environments applied to mobile technologies.

This dissertation presents the design and development of an augmented reality (AR) based
multiplayer mobile board game for children and young adults. The game utilizes tourist maps
from Infoportugal to promote the cultural heritage and landmarks of a known region. The game
was developed with the intention of providing an engaging and interactive learning experience for
children and young adults, using game mechanics and AR technology. The game was developed
using Unity, a game engine (GE), and Vuforia, an AR plugin, to provide an immersive and interac-
tive experience for players. The game allows players to move through a virtual map of the region,
answering questions associated with PoI (Points of Interest) to conquer them. The game employs
gamification concepts by using game mechanics to make learning about the region’s cultural her-
itage and PoI more engaging and interactive.

The dissertation details the game development process, including the conceptualization, de-
sign, and implementation. It also includes a thorough analysis of the functional (FR) and non-
functional requirements (NFR), software architecture, solution implementation and the evaluation
of the game’s effectiveness in achieving its intended goals. The game was evaluated by experts
from Infoportugal, individual testers, and focus groups who provided feedback throughout the de-
velopment process to ensure that the game effectively promotes the region’s cultural heritage and
PoI to the targeted audience in an engaging and interactive manner, by using gamification and AR
technology.

These functionalities were applied to a tourist map of a known territory (Montalegre) in order
to investigate ways to promote tourism by improving and innovating the way people learn and
explore new cities and other spaces. Although this dissertation is only a case study, with this im-
plementation, the proposed solution can become a stepping stone to the development of a universal
tool for any region that intends to promote itself.

Keywords: Augmented Reality, Cartography, Game Engine, Digital Game, Tourism
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Chapter 1

Introduction

The primary goal of this dissertation is to study different possible solutions in order to develop

a digital game engine (GE) that utilizes augmented reality (AR) and cartography in mobile tech-

nologies for children and young adults. The application should be able to use the georeferenced

information of points of interest (PoI) from Infoportugal’s database to generate roadmaps and

game layouts. The platform aims to not only increase knowledge about these regions but also in-

spire a desire to visit them, providing a safe and engaging environment for players. Furthermore,

this GE solution serves as an endeavour to make Infoportugal’s maps reusable and more engag-

ing, transforming traditional cartographic resources into interactive experiences for users while

ensuring a safe and captivating environment for players.

1.1 Context

This dissertation is situated within the context of tourism, where the integration of AR and mobile

applications may provide an innovative opportunity.

Traditional maps, although serving as essential navigational tools, suffer from inherent limi-

tations that hinder their appeal and reusability in today’s digital age. With their static nature, lack

of interaction, and antiquated technology, conventional maps fail to captivate modern users who

crave dynamic and engaging experiences. As a result, people often lose interest in this format,

diminishing the potential for map reuse and leading to a low return on the significant investment

made by organizations like Infoportugal in producing high-quality maps. Recognising the need for

a transformative approach, this dissertation endeavours to address these challenges by developing

a digital GE that integrates AR and cartography, allowing Infoportugal’s maps to be repurposed

and experienced in a more interactive, immersive, and enticing manner.

In this context, the company Infoportugal 1 plays a vital role. Known for its expertise in

geographic information systems (GIS) and tourism services, Infoportugal is at the forefront of de-

veloping innovative solutions that enhance the tourist experience. Their collaboration with the re-

search team consisting of two experts from Infoportugal (Diogo Marques and Ana Leite), and three

1https://infoportugal.pt/

1
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engineering students from Faculdade de Engenharia da Universidade do Porto (FEUP) brings to-

gether a diverse set of skills and knowledge.

The team composition reflects the interdisciplinary nature of the project. With one member

specializing in informatics, another in multimedia (Francisco Coelho), and the third in service

engineering (João Coelho), the team was well-equipped to tackle the various technical and user-

oriented challenges involved in developing the proposed solution.

As the leading developer, my primary responsibility was to oversee the technical aspects of

the project and ensure its successful implementation. From the inception of the project, I actively

participated in the initial sessions held to define the requirements and shape the game concept.

During the development process, I played a pivotal role in designing the software architec-

ture and implementing the database, ensuring the efficient storage and retrieval of georeferenced

information. Moreover, I collaborated closely with my teammate, João Coelho, in evaluating the

system’s functionality and user experience.

Complementing our efforts, Francisco Coelho, the User Interface (UI) designer, contributed

his expertise in creating an intuitive and visually appealing user interface. João Coelho, as the

User experience (UX) evaluator, brought valuable insights to the project, ensuring that the game

experience was engaging, immersive, and aligned with user expectations.

To facilitate a structured development approach, we employed a methodology based on weekly

sprints, with regular progress meetings held every Tuesday, involving both the Design and Devel-

opment team members. This collaborative framework allowed us to iteratively refine the game

concept and ensure that each element of the team made significant contributions to its develop-

ment.

By combining our diverse skill sets and working in close synergy, our team aimed to create

a digital GE that not only showcases the potential of Infoportugal’s maps but also provides an

engaging and interactive experience for users, sparking their interest in exploring various regions

and fostering a desire to visit these locations in person.

1.2 Problem

Given the context of this dissertation, the author outlined the problem to be addressed as follows:

• How can we effectively create engaging AR generic gaming solutions on traditional paper

maps, that incorporate a captivating storyline driven by georeferenced data of PoI?

1.3 Motivation

The field of cartography has the potential to be transformed by incorporating AR technology, al-

lowing users to overlay digital information onto the physical world, creating an immersive and

interactive experience. By combining this technology with cartography and gamification, we can

provide users with an engaging, interactive and accessible way to explore and understand geo-

graphic information.
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Gamification is a powerful tool that can be used to enhance engagement and motivation for

various applications, including education and tourism. By incorporating game elements such as

points, badges, leaderboards, and feedback into an AR-enabled cartography app, we can create an

interactive learning experience. Users can explore different regions and landmarks while earning

rewards and achieving goals, making the learning process more enjoyable and effective.

In summary, the development of a mobile application that uses AR, cartography, and gamifica-

tion has the potential to revolutionize the way we interact and understand geographic information.

It offers an engaging, interactive and accessible way to explore and learn while providing busi-

nesses with an innovative tool for data visualization and analysis.

1.3.1 Intrinsic and extrinsic motivation on education

Understanding the impact of both intrinsic and extrinsic motivation in the educational setting is

crucial for the design of effective and engaging learning experiences. Intrinsic motivation is driven

by personal interest and enjoyment in the task, while extrinsic motivation is influenced by external

factors such as rewards or consequences. By considering the role of both intrinsic and extrin-

sic motivation in the design of educational materials, one can create a more comprehensive and

effective approach to learning [20, 56, 44].

1.4 Objectives

This dissertation aims to:

• Study different possible technological solutions that allows to develop an application that

combines AR and cartography, tailored for children and young adults.

• Present a prototype that enables users to scan and interact with physical paper maps, uti-

lizing the georeferenced information of PoI (PoI) from Infoportugal’s database to generate

dynamic roadmaps and engaging game layouts.

• Construct a generic game prototype capable of generating various versions of the game

concept, accommodating different paper maps.

1.5 Research questions and Methodology

To address the objectives of this dissertation and tackle the problem at hand, the research questions

have been formulated, and a suitable methodology has been chosen to answer each question. The

research questions and their corresponding methodologies are as follows:

• RQ1 : How to design an AR game with paper maps?

• RQ2 : What is the best technology to support an AR game with paper maps?
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• RQ3 : How to integrate PoI in the generation of the game levels?

For RQ1, the methodology employed involves conducting co-creation workshops with the

complete team. These workshops provide an opportunity for collaborative brainstorming, idea

generation, and the collective design of an AR game specifically tailored for paper maps. By

involving all team members in this creative process, diverse perspectives and expertise can be

harnessed to develop an innovative and engaging game design.

Regarding RQ2 and RQ3, the chosen methodology is the design science research paradigm 2.

This approach allows for the iterative development and refinement of the GE prototype through

a series of design cycles. By following an iterative methodology, the team can gather insights

from each iteration, make improvements, and further integrate the selected technology that best

supports the AR game with paper maps. The integration of PoI in the generation of game levels

will also be addressed through this iterative process, ensuring that the narrative and gameplay are

enriched by incorporating georeferenced information effectively.

By employing these research questions and methodologies, this dissertation aims to provide

practical insights and innovative solutions in designing AR games with paper maps, selecting

appropriate technology, and integrating PoI to enhance the game levels. Through the iterative

nature of the chosen methodologies, the project can benefit from continuous improvement and

refinement, resulting in a robust and captivating GE prototype.

1.6 Document Structure

This delivery contains the following structure:

• Chapter 1 serves as an introduction to the project, providing an overview of the underlying

context. It delves into the problem statement and motivations that sparked the project’s in-

ception. It outlines the primary objectives, the research questions and the research method-

ology and provides a glimpse into the document’s structure.

• Chapter 2 delves into the state of the art, delving into a comprehensive exploration of var-

ious concepts that hold relevance to the project. This chapter delves into the discussion of

technologies employed in game development, gamification, and AR, accompanied by an

examination of related works in the field.

• Chapter 3 initiates by reaffirming the primary objective, followed by providing a compre-

hensive overview of the proposed solution and game concept. This chapter encompasses

the definition of FR and NFR, and offers an in-depth analysis of the software architecture

employed in the project.

• In Chapter 4 the solution implementation is discussed. This chapter covers aspects such as

the organization of folders and files of the proposed solution, the database implementation

2https://en.wikipedia.org/wiki/Design_science_(methodology)

https://en.wikipedia.org/wiki/Design_science_(methodology)
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and the communication via WebSockets. Furthermore, this chapter delves into the compre-

hensive analysis of the conducted tests of both focus groups, presenting valuable insights

and findings. The outcomes derived from these assessments are thoroughly examined, of-

fering a deeper understanding of the collected data.

• Chapter 5 of this project showcases the culmination of our efforts, presenting the conclu-

sions drawn from the comprehensive evaluation results and the degree to which our goals

have been achieved. Furthermore, this chapter delves into the exploration of potential future

enhancements and features that warrant consideration.

The document concludes by presenting a comprehensive list of references, which can be found

at the end of the document, followed by the inclusion of relevant appendixes.



Chapter 2

State of the art

This chapter explores the concept of gamification and its effectiveness within the field of education

and tourism. It also delves into the examination of AR, its history, definition and its impact in

society. Additionally, we will evaluate the technologies employed in the development of AR

systems, and provide examples of related work that exists in the industry.

2.1 Gamification

Gamification is an innovative approach that leverages the mechanics and design principles of

games to engage and motivate people to achieve specific goals [35]. In the development of gam-

ified software, gamification is a multidisciplinary field that draws on (motivational/behavioral)

psychology, narratology, and game design to create interactive and engaging experiences [37].

In recent years, the video games industry has experienced significant growth and expansion.

As one of the few industries to experience positive growth during the pandemic, it saw a 23%

increase in 2020 compared to the previous year [39, 8]. This expansion has led to video games

becoming a mainstream form of entertainment, particularly popular among young audiences [14,

46].

Gamification is a powerful tool that can be used to increase engagement, motivation, and par-

ticipation in a variety of activities and tasks. It can be applied in different fields such as healthcare,

education, marketing, the workplace, and others [30, 46, 60, 24].

Gamification can also be used to promote social good and sustainable behavior by making

it more engaging and interactive. It can be used to encourage people to recycle, reduce energy

consumption, and engage in other sustainable behaviors [48, 45].

Given the wide-ranging applications and benefits of gamification, it is important to understand

its specific impact in the areas of education and tourism.

2.1.1 Gamification in education

Gamification can increase student engagement by providing them with a sense of competition,

challenge, and goal-oriented activities. These elements make the learning experience more in-

6
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teractive and engaging, encouraging students to participate more actively in the learning process

[10].

Also, gamification can increase student motivation by providing them with immediate feed-

back on their performance, rewards for their achievements and a sense of progress [13]. This can

lead to an increase in students’ self-esteem and a more positive attitude towards learning [10].

Additionally, gamification can improve learning outcomes by providing students with a variety

of interactive and engaging activities that can improve their problem-solving, critical thinking, and

decision-making skills [43, 34]. Moreover, it can also enhance their understanding of the subject

matter by providing them with a more interactive and engaging way to learn [49].

2.1.2 Gamification in the promotion of tourism

In the field of promotion of new territories, gamification has been widely used to create interactive

and engaging experiences [32].

Research on the impact of gamification in the promotion of new territories has shown that

it can increase engagement and motivation to explore different regions and cultures [59]. It

also improves visitors’ understanding and appreciation of a specific region, fostering a deeper

understanding of the culture, history, and landmarks [40].

Moreover, gamification in the promotion of new territories can lead to increased tourism and

economic growth in a sustainable way, by providing visitors with interactive and educational ways

to learn about the region’s natural and cultural heritage [38].

2.2 Game development technologies

Video game programmers frequently utilise GEs to simplify the process of creating professional

and efficient video games through the provision of a comprehensive set of tools and functionality,

abstracting away the complexity of underlying tasks. Two major GE were considered for the

development of this project. Table 2.1 presents the comparison made between the two of them.

The parameters considered were 1) Price, 2) Documentation Available, 3) AR Capabilities, 4)

Ease of Use and 5) Mobile App Development Capabilities.

• Unity [51] is a cross-platform GE and development environment used to create interactive

2D, 3D, Virtual Reality (VR) and AR experiences. Developed and maintained by Unity

Technologies, it is one of the most popular GEs in the industry [4], and it is widely used

by developers across various industries, such as gaming, architecture, automotive, and film

[51]. Unity is based on C# and supports a wide range of platforms, including personal

computers (PCs), mobile, and VR and AR devices. It is known for its ease of use, extensive

documentation, and active community which provides a wide range of tutorials, plugins and

assets for anyone to use [50]. Additionally, Unity also provides an Asset Store which is a

marketplace for developers to buy and sell assets, scripts, and tools for use in Unity projects

[5].
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• Unreal Engine [6] is a powerful and versatile GE developed by Epic Games. It is widely

used in the game industry for the development of high-quality, interactive 3D content and

has become a popular tool for creating interactive experiences and simulations across var-

ious industries, including gaming, architecture, automotive, and film. The engine is based

on C++, which makes it highly customisable, and it provides a wide range of features, in-

cluding advanced physics, lighting, and animation systems, as well as support for multiple

platforms, such as PC, mobile, and VR. The engine also has a large and active commu-

nity, which contributes to the development of a wide range of tutorials, plugins and assets,

making it easy for developers to create high-quality content with minimal effort.

GE Unity Unreal Engine

Price Free/Paid Plans Free/Paid Plans

Documentation Extensive Extensive

AR Capabilities Extensive Extensive

Ease of Use Beginner Friendly Intermediate/Advanced Friendly

Mobile App Development Excellent Excellent

Table 2.1: Comparison of Unity and Unreal Engine

For this dissertation, the chosen GE was Unity due to the developer’s previous familiarity with

the platform. This decision streamlined the application development process as it reduced the

learning curve.

2.3 Augmented Reality

AR is a technology that enhances the real world by overlaying digital information on it [9]. The

definition of AR has undergone various refinements before being widely accepted in the industry.

This section provides a succinct overview of the historical development of this technology and

explores the diverse range of definitions proposed over time. It also examines the different types

of AR and the array of technologies associated with this field. Moreover, this section highlights the

extensive applications of AR, with a particular emphasis on the tourism sector and board games.

2.3.1 History & Definition

The origins of AR can be traced back to the 1950s when Morton Heilig, a cinematographer, en-

visioned a form of cinema that would fully engage the viewer’s senses and immerse them in

onscreen activities. Heilig’s groundbreaking idea was documented in his 1955 publication, "The

Cinema of the Future". In 1962, Heilig developed a prototype of his concept, which he named

Sensorama [58], predating the advent of digital computing. Building upon this early innovation,

Ivan Sutherland invented the head-mounted display in 1966 (figure 2.1).
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Figure 2.1: Ivan Sutherland’s HMD [15]

It was in 1968 that Sutherland became the first to create an AR system using an optical see-

through head-mounted display called "The Sword of Damocles" [15]. Fast forward to 1975, when

Myron Krueger introduced "Videoplace", a revolutionary room that allowed users to interact with

virtual objects, marking a significant milestone in the history of AR [15].

This technology advanced in the 1990s, with the early works of Tom Caudell [28] and Steve

Feiner [22], who proposed an interaction with the real world that is augmented, as opposed to

Virtual Reality (VR) technology, which replaces the real world with a virtual one.

In 1992, Louis Rosenberg, a researcher at the USAF Armstrong’s Research Lab, developed

"Virtual Fixtures" [42] (figure 2.2), marking one of the earliest operational AR systems. This

groundbreaking system enabled military personnel to virtually manipulate and guide machinery,

facilitating tasks such as training US Air Force pilots in safer flying techniques. Notably, this

was the first instance where physical and digital objects seamlessly interacted, a concept now

recognised as mixed reality.

Figure 2.2: Virtual Fixtures Project 1992 [42]

Julie Martin, a writer and producer, introduced, in 1994, AR to the entertainment industry

through the theater production "Dancing in Cyberspace". This groundbreaking show showcased

acrobats performing alongside virtual objects projected onto the physical stage, creating a unique

and immersive experience.
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The definition of AR has evolved over time, with Ronald Azuma’s [12] contribution in 1997

providing a widely accepted definition. According to Azuma [12], AR involves the merging of

real and virtual environments, with a crucial aspect being the registration of virtual objects within

the three-dimensional space. Furthermore, AR is characterised by real-time interactivity, enabling

users to engage and interact with the augmented content seamlessly. As such, AR systems possess

three key characteristics:

• Combination of Real and Virtual Environments

• Real-Time Interaction

• Three-Dimensional Spatial Registration

In 1998, Sportsvision revolutionised live National Football League (NFL) game broadcasts by

introducing the virtual "1st & Ten" graphic system, popularly known as the yellow yard marker.

This technology displayed a yellow line overlaid on the screen, allowing viewers to easily see the

distance a team needed to advance for a first down. Although the system has evolved significantly

since the late ’90s, it is still in use today.

In the year 2000, Bruce Thomas made a significant breakthrough in the field of AR by de-

veloping the first outdoor mobile AR game known as ARQuake [53]. This groundbreaking game

garnered attention and was showcased at the prestigious International Symposium on Wearable

Computers. ARQuake represented a major leap forward in AR technology, as it allowed play-

ers to engage in a unique and immersive gaming experience that combined virtual elements with

the real world. By using wearable devices and mobile technology, players could interact with

virtual objects and characters overlaid onto their physical surroundings (figure 2.3), blurring the

boundaries between the digital and physical realms.

Figure 2.3: ARQuake game

The development of ARQuake was made possible, in part, by the use of ARToolkit [1]. AR-

Toolkit, developed by Hirokazu Kato, is an open-source software library that provides the neces-

sary tools and algorithms for creating AR applications. It offers features such as marker detection

and tracking, which enabled the accurate overlay of virtual content onto the real environment in

ARQuake. By utilising ARToolkit, Bruce Thomas was able to leverage the power of computer
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vision and tracking technology to enhance the immersive and interactive nature of ARQuake. In

2009, ARToolKit revolutionised the accessibility of AR by introducing it to web browsers.

In 2014, Google introduced Google Glass [7], a revolutionary pair of AR glasses designed to

provide users with immersive experiences (figure 2.4). Users could wear these glasses and interact

with the Internet using natural language processing commands. The device allowed users to access

a wide range of applications, including Google Maps, Google+, Gmail, and many others.

Figure 2.4: Google Glass Device

Microsoft, in 2016, commenced the shipment of its wearable AR technology known as the

HoloLens [31], surpassing the capabilities of Google Glass but with a significant price tag. This

device is not intended for everyday use, as it functions as a wearable computer and operates on the

Windows 10 platform. Additionally, users have the ability to scan their environment and create

personalised AR experiences.

Other definitions have sprung in an attempt to define AR. AR is a technology that enhances

the user’s visual field by providing them with the information required to complete a task [57].

In the previously referenced study [57], a novel multimodal head-mounted display (HMD)-based

training application was introduced and compared to paper-based learning for manual assembly

tasks. A user study [57] was conducted with 30 participants to measure the transfer of training for

an engine assembly task, as well as user satisfaction and perceived workload during the experi-

ment. In figure 2.5, an assembly employee is depicted receiving assembly training with the aid of

HMD-based instructions. The results [57] indicate significant differences between the two learn-

ing approaches. Participants performed significantly faster but with significantly worse outcomes

when using paper-based instructions.

In summary, AR technology has made significant advancements in recent years and holds

tremendous potential for the future. As the realm of technology continues its ever-evolving jour-

ney, we can confidently anticipate an array of thrilling advancements that lie ahead in the field of

AR.

2.3.2 Augmented Reality Systems

In [15], the authors classified AR systems into various categories based on their usage and mobil-

ity: fixed indoor systems, fixed outdoor systems, mobile indoor systems, mobile outdoor systems,
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Figure 2.5: Assembly employee is provided with HMD-based instructions during the assembly
training

and mobile indoor and outdoor systems. Furthermore, mobile systems allow users to freely move

around using wireless technology, while fixed systems are stationary and restrict movement to the

location where they are set up. In the same study [15], the authors state that the selection of the

system type is a crucial decision for developers, as it determines the appropriate tracking system,

display options, and potential interfaces to be utilised.

In an AR system, several components work together to create the immersive experience. These

components, as mentioned by Rodrigues [41], include a camera, a display device, a graphics

system, and a tracking system. The camera can be fixed or controlled by the user, often paired

with an HMD. The tracking system determines the tracked area, with fiducial marker vision-based

tracking for smaller areas and natural features vision-based tracking for larger areas. Both these

concepts will be further explored in the AR tracking section bellow.

The realm of AR encompasses a diverse range of applications, each classified based on distinct

display types and tracking techniques employed. By categorising AR applications according to

these parameters, we gain a deeper understanding of the versatile nature and vast potential within

this innovative field. In the upcoming sections, we will delve into how AR works and the different

types of display devices and tracking methods used in AR systems. We will also explore the

various types of markers used in AR and explain their role in the AR experience.

2.3.2.1 How AR works

An AR system, as explained by Amin and Govilkar [11], can be broken down into three basic

steps: Recognition, Tracking, and Mixing. In the recognition phase, the system identifies the

image, object, face, body, or space where virtual objects will be placed. The tracking phase

involves real-time localization of the identified elements in space. Finally, various forms of media

such as video, 3D models, 2D graphics, text, and more are overlaid onto the recognised elements.
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AR technology finds applications in both indoor and outdoor settings, Zendjebil [62], Amin

and Govilkar [11] categorise AR into two distinct types: marker-based and markerless. The type

of AR chosen will determine the method in which images and information are displayed.

• Marker-based AR systems utilise physical symbols in the real world as reference points for

overlaying computer graphics. These systems work by continuously capturing images of a

target object using a camera, which are then processed to determine the position, orientation,

and movement of the virtual display in relation to the target. For example, a 2D printed

marker placed in front of a webcam can trigger the computer to overlay graphics on the

screen, aligning them with the marker in the physical environment. However, it’s important

to note that marker-based AR systems may face challenges related to lighting and focus,

which can affect the quality and accuracy of the AR experience.

• Marker-less AR systems rely on the built-in sensors of electronic devices, such as the ac-

celerometer, compass, and GPS, to determine the device’s position, orientation, and axis in

the real world. By comparing this location data to a database (DB), the system can identify

the objects being viewed by the device and display computer-generated graphics accord-

ingly on the screen. This technology is commonly used in mobile AR, which refers to its

application on devices like smartphones and tablets.

The main difference between marker-based and marker-less AR is that marker-based AR relies

on pre-programmed points of reference, while marker-less AR relies on recognizing objects in

real-time [19].

For this dissertation, the proposed solution was developed using Marker-based AR due to its

specific capabilities and features that align with the specificities of the AR plug-in used.

2.3.2.2 AR Tracking

This subsection summarises the work of Amin and Govilkar in their study about AR technology

[11].

• Fiducial Marker Based Tracking

Markers are commonly used in AR to facilitate easy recognition and enable precise spatial

calculations. They are typically black and white squares with geometric figures, chosen for

their high contrast against the background environment. These markers allow us to not only

identify points in space but also calculate distance and viewing angles. However, a limitation

of marker-based AR is that the markers must always be visible and cannot be obscured by

other objects. To address this issue, marker positions can be tracked and updated as the

device moves, partially mitigating the problem.

• Hybrid Based Tracking

This type of tracking in AR involves combining multiple data sources like GPS, compass,

and accelerometer to determine the device’s position and orientation. The GPS provides
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the device’s current location, allowing us to identify augmented objects in the area. The

compass helps determine the device’s pointing direction and identifies potential objects for

augmentation along that path. The accelerometer assists in calculating the device’s orienta-

tion by utilising gravitational forces. By combining all this information, we can determine

what should be augmented in the field of view without directly processing the real image,

although the real image is still used for accurately placing the augmented layer.

• Modeled Based Tracking

A model-based approach in AR involves utilising pre-existing information about 3D objects

in the environment, including their appearance. By representing these objects geometrically,

we can manipulate their position and orientation to align them with their real-world coun-

terparts. The model approach typically uses edge detection to construct 3D models, and

sometimes the model itself is used to track resemblance to the object in the environment,

such as tracking a moving car on a street. However, this approach usually requires higher

processing power due to the complexity of the tracking process.

• Natural Feature Tracking

This AR technique involves using real-world objects as markers by identifying their unique

characteristics. It identifies distinctive features of the object using mathematical algorithms

and saves them for future recognition. These features allow for the recognition of the same

object regardless of differences in distance, orientation, illumination, and even partial ob-

struction.

As mention in the previous section, it was determined that Fiducial Marker Based Tracking,

is the most suitable for the application under development. The application will rely on image

recognition technology to identify and track a specific images (paper maps) in the real world,

allowing virtual content to be overlaid on those images.

2.3.2.3 Display devices

AR applications can be categorized into different types based on the display device utilised. Here

two main types of technology are considered: mobile augmented reality (MAR) [26] which is

based on mobile devices such as smartphones or tablets and provides shorter, discrete interactions,

and pervasive augmented reality (PAR) [27] which aims to provide a continuous experience by

detecting the user’s context and adapting the AR system accordingly. In scenarios where greater

comfort is desired for extended periods of use and a more comprehensive spatial perception is

needed for contextualizing and accurately positioning virtual objects in the real world, it is com-

mon to employ devices known as Head-Mounted Displays (HMDs). These devices, belonging to

the category of Wearable Augmented Reality (WAR) [54], provide an immersive experience with-

out being intrusive. For this dissertation, MAR was the one that best fit the context of the proposed

solution.
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2.3.2.4 Hardware

According to Kim et al. [33], in terms of AR hardware platforms, several devices are commonly

used:

• Computers with webcams are widely utilised for AR applications given their accessible

setup, although it lacks mobility. They require markers placed in the view of the webcam

to provide a live feed. The author includes examples such as Shiseido Makeup Mirror and

Lego Store kiosk.

• Smartphones and tablets are popular platforms for accessing AR content. They offer

ubiquitous and constantly-held usage categories, such as the Wikitude World Browser 1 and

Microsoft omniTouch 2. They provide mobility and support both marker-based and marker-

less methods, although they may have limited computational resources compared to other

platforms.

• Head-Mounted Displays (HMDs) consist of a display paired with a headset, providing a

6 DOF (degrees of freedom) view where information is overlaid based on head movement.

HMDs provide a high level of immersiveness in AR experiences. Users can enjoy a deeply

engaging and immersive environment. However, when it comes to comfort, HMDs are often

considered very uncomfortable. They can be heavy, bulky, and may cause discomfort during

extended periods of use. In terms of portability, HMDs are also not very convenient to carry

around due to their size and weight. Notable examples are SKULLY Helmet 3 and Microsoft

HoloLens 4.

• AR glasses represent a rising platform, with products like Google Glass 5 and Vuzix 6

available. Meta 7 focuses on overlaying AR on the user’s reality, while Atheer One 8 offers

natural interaction. Although AR-glasses technology is not yet widely adopted, it shows

potential as a growing AR platform. In the future, AR-enabled glasses could become as

popular as iPads and smartphones, offering users a continuous AR experience tailored to

their specific needs and preferences.

• Haptic devices enable augmented environments with synthetic tactile interactions. Exam-

ples include game pads like Nintendo Wii, PS4 or Xbox, which offers the user immediate

tactile response.

These hardware platforms demonstrate the diverse range of options available for implementing

AR applications across various industries and use cases.
1https://www.wikitude.com/
2https://www.microsoft.com/en-us/research/publication/omnitouch-wearable-multitouch-interaction-everywhere/
3https://wearabletech.io/skully-fenix-ar-helmet/
4https://www.microsoft.com/en-us/hololens
5https://support.google.com/glass/?hl=en#topic=4363345
6https://www.vuzix.com/
7https://about.meta.com/
8https://www.pcmag.com/news/atheer-labs-crowdfunds-superhero-like-3d-smart-glasses
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2.3.2.5 Software

An AR software development kits (SDK’s) are a helpful tool for building AR applications. It con-

sists of three main components: recognition, tracking, and content rendering [11]. The recognition

component acts as the core of the AR app, while the tracking component serves as the visual guide

for the AR experience. Content rendering involves creating virtual objects and scenes based on

real-time information. The SDK provides developers with various tools to efficiently implement

recognition, tracking, and rendering in AR applications [11].

In this section, a discussion and comparison of several AR SDKs currently available in the

market will be presented. The comparison will primarily focus on SDKs that support mobile

development and are compatible with the Unity GE [51]. This analysis is relevant to the goal of

developing a mobile AR application in this dissertation. The factors considered for the comparison

included the following:

• License Type

• Available Documentation

• Platforms Supported

• Tracking Methods

• Overlaying Capability

• Unity Compatibility

In table 2.2 it’s presented a comparison between the considered SDK’s available for the devel-

opment of this project. The considered SDK’s are as follows:

• ARToolKit 9 is a widely-used software library for AR that offers marker-based tracking,

image recognition, and 3D object tracking functionalities. It supports various types of AR

applications, such as marker-based tracking using physical markers, image recognition for

specific objects, and 3D object tracking. ARToolKit is open-source and supports multiple

programming languages, providing developers with user-friendly tools and APIs.

• Wikitude 10 is an AR platform that helps developers create engaging AR experiences for

mobile applications. It offers marker-based tracking, image recognition, and location-based

AR capabilities. With Wikitude, developers can easily integrate AR into their apps, using

markers, images, or location data to overlay virtual content in the real world. It supports

multiple platforms and provides a user-friendly development environment. Overall, Wiki-

tude enables the creation of immersive AR experiences by providing tools and features like

marker-based tracking, image recognition, and location-based AR.

9https://www.hitl.washington.edu/artoolkit.html
10https://www.wikitude.com/
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• ArCore 11 is a powerful AR platform developed by Google. It provides features like motion

tracking, plane detection, and light estimation, allowing developers to create realistic AR

experiences. ArCore is compatible with a variety of Android devices and supports cloud

anchors for shared AR experiences.

• ARKit 12 is a robust AR framework created by Apple for iOS devices. It offers advanced

features such as world tracking, which enables accurate mapping of the environment, and

object recognition, allowing for the detection and tracking of specific objects. ARKit also

supports horizontal and vertical plane detection, enabling virtual objects to be anchored and

interacted with in the real world.

• Vuforia 13 is a specialized tool for developing AR applications that are specifically tailored

for mobile devices. By leveraging advanced computer vision technology, Vuforia’s AR soft-

ware development kit (SDK) enables real-time identification and tracking of image targets

and basic 3D objects. This versatile SDK is compatible with various platforms including

Android, iOS, UWP, and Unity Editor.

• Kudan 14 employs its proprietary SLAM (Simultaneous Localization and Mapping) tech-

nology to enable real-time positioning of a sensor in relation to its surroundings and gen-

erate a comprehensive 3D representation of the environment. SLAM has been licensed to

partners in diverse sectors such as drones, robotics, and autonomous vehicles, showcasing

its versatility. It can be seamlessly integrated with various cameras and sensors, deliver-

ing exceptional tracking accuracy even on smartphone cameras, with precision measured in

millimeters. This high-performance system operates with minimal CPU usage, consuming

less than 5% of a mobile device’s processing power. Additionally, it exhibits robust func-

tionality in challenging lighting conditions. To facilitate development, Kudan provides a

complimentary version of its AR SDK for developers to experiment with and evaluate its

capabilities

11https://developers.google.com/ar?hl=en
12https://developer.apple.com/augmented-reality/arkit/
13https://library.vuforia.com/
14https://www.kudan.io/
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AR SDK
ARToolKit Wikitude ArCore ARKit Vuforia Kudan

Type

License

Open

source
Yes No No No No No

Free Yes Yes Yes Yes Yes Yes

Commercial No Yes No No Yes Yes

Documentation Extensive Extensive Extensive Extensive Extensive Limited

Platform
iOS Yes Yes Yes Yes Yes Yes

Android Yes Yes Yes No Yes Yes

Tracking
Marker-based Yes Yes Yes Yes Yes Yes

Markerless Yes Yes Yes Yes Yes Yes

Overlaying

capability

2D Yes Yes Yes Yes Yes Yes

3D Yes Yes Yes Yes Yes Yes

Unity Yes Yes Yes Yes Yes Yes

Table 2.2: SDK Comparison

For the development of this project, after careful consideration and evaluation of various AR

SDKs available in the market, Vuforia was selected as the preferred choice. The decision was

based on its robust features, compatibility with the project requirements and the Unity GE, and

its proven track record in the industry. Vuforia offers reliable image recognition and tracking

capabilities, making it suitable for creating engaging and interactive AR experiences. Its extensive

documentation and support resources further contribute to a smooth development process. Overall,

Vuforia emerged as the most suitable SDK for fulfilling the project’s goals and delivering a high-

quality AR application.

2.3.3 Areas of application

In terms of application areas, the literature review [21] identifies six main areas where AR is

commonly used. These areas include healthcare, education, entertainment and games, industrial

applications, navigation and driving assistance, and tourism and exploration.

In the healthcare domain, AR is employed for professional training, rehabilitation and patient

recovery, as well as phobia treatment. In education, AR applications are integrated into teaching

and learning processes, focusing on knowledge acquisition and the development of sensorimotor

skills.

AR is also extensively used in entertainment and gaming, offering interactive experiences for

entertainment purposes. In the industrial sector, AR finds its application in maintenance processes

and manufacturing or assembly tasks.

For navigation and driving, AR provides support for both automotive and pedestrian naviga-

tion, enhancing the overall navigation experience. Lastly, in the field of tourism and exploration,

AR is utilised for science and culture communication, such as applications designed for museums.
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While the tourism sector shows potential, it has fewer studies and applications compared to

education and healthcare domains. This dissertation will mainly focus on the tourism sector.

2.3.3.1 Tourism

Garcia-Crespo et al. [25] state that the tourism industry currently requires highly dynamic, inter-

active, and enjoyable value-added services that are based on technology.

The integration of immersive technologies like VR and AR in the tourism industry has demon-

strated potential across various areas, including brand and destination promotion, and can be ap-

plied to different stages of the tourist journey [61].

Unlike VR, acceptance of AR solutions is more favorable as it allows users to interact with

the real environment, which can lead to an enhanced visitor experience [29]. Research has shown

that AR experiences in education, entertainment, and escapism can have a positive impact on

satisfaction and memory retention. As a result, AR experiences can provide visitors with more

memorable and satisfying experiences [55, 17].

2.4 Background and Related Work

2.4.1 PlayJBT

Play JBT [3] offers an immersive experience within Lisbon’s Tropical Botanical Garden, catering

to a diverse range of visitors. This Android application provides a variety of tours, each with its

unique route and PoI tailored to different visitor preferences.

One of the app’s key features is an interactive map that showcases the user’s location and PoI.

This map serves as a helpful guide, enabling visitors to navigate to specific attractions and obtain

detailed information about them.

Developing this app came with its fair share of challenges, particularly in implementing the

map functionality and ensuring visitor orientation.

The map navigation feature allows users to easily locate attractions, identify their own position,

and follow a highlighted path recommended by the app, all facilitated by GPS technology. To keep

track of what they have already seen, users can mark PoI as visited by tapping on them directly on

the map. As for visitor orientation, the map itself remains in a fixed position, while the user icon

dynamically rotates to represent their current orientation. This orientation calculation relies on the

integration of gyroscope, accelerometer, and magnetic field sensors.

Overall, the Play JBT app offers a comprehensive solution for exploring the Tropical Botanical

Garden. By incorporating a user-friendly map and addressing challenges related to navigation

and orientation, it enhances visitors’ experiences by providing valuable guidance and information

throughout their journey.
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2.4.2 H2020 BEACONING

The BEACONING [18] project was a European funded project. The name is an acronym for

Breaking Educational Barriers with Contextualised, Pervasive and Gameful Learning. This project

intended to innovate the way people learn with contextualized, pervasive and playful learning

(Coelho et al., 2020, p.3, cited by Soares, 2021).

The aim of the project was to develop a platform for pervasive games that provide educational

content to students at the most appropriate times, which may include the classroom, the student’s

own home, or the city in which they live. Supporting the concept of “anytime anywhere” (Coelho

et al., 2020, p.3, cited by Soares, 2021).

A platform was developed which automatically generates mobile applications with pervasive

games as a basis following the descriptions provided by the teachers, that pose challenges and

questions to students. Therefore, it is a generic and adaptable application.

Several pilot projects were carried out. In Portugal, this minigame was used to create an

activity called “Como se divertem as flores?” at the Porto Botanical Garden based on the story

of “Rapaz de Bronze” by Sophia de Mello Breyner Andresen and in the scientific contents of the

Botanical Garden.

Each point of interest told part of the narrative and presented a clue or a game that after solving

could move on to the next point of interest.

After interviewing 19 players at random, about 79% of respondents found the experience

scientifically rewarding, about 83% percent found that games made the experience more fun, and

about 95% understood that minigames helped them learn the content [47].

2.4.3 GeoAR

The GeoAR application [16] is designed to make learning geography more interactive and engag-

ing for secondary school students.

The app utilises AR technology to provide users with an interactive experience while learning

about European countries, their capitals, flags, and neighboring countries. The accompanying

printed maps are used as markers, when viewed through the phone’s display, users will see the

map filled with information such as the country’s name, flag, capital, and neighbors.

Additionally, the app includes features such as "Learn Europe," "Find More," "Test Your

Knowledge," and "Take a Photo with a Flag" to enhance the learning experience.

The goal of the application is to make learning geography more interesting and exceed tradi-

tional methods [16].

2.4.4 SPOT

In this project [23], a serious game using AR and gamification is proposed as a solution to ad-

dress the lack of awareness and understanding of skin self-examination as a secondary prevention

method for melanoma.
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Melanoma is the deadliest form of skin cancer, and early detection is crucial to improve sur-

vival rates. The game aims to educate players on the ABCDE method of self-examination and

encourage regular self-examinations through the use of engaging and immersive technology [23].

An initial prototype was developed and tested, showing positive results in raising awareness

and motivating self-examination learning. The proposed SPOT application uses AR and gamifi-

cation elements to enhance the tutorial and game sections, making the learning of the ABCDE

method more interactive, captivating, and fun. The game also includes a scoring system to track

the player’s understanding of the method [23].

2.4.5 LiveGameBoard

"It is a mat which acts as game board on which 3D virtual content is layed over." [2].

This application is twofold: the board and the mobile app. Here, with the help of a game board,

the user can play a number of games where 3D virtual information is displayed on them. This

application allows for multiplayer and it represents AR playing at its essence.

2.4.6 Augmented Reality on Monopoly

Molla and Lepetit [36] delve into the implementation of AR within the context of board games.

Their work focuses on augmenting the classic board game Monopoly using AR technology.

By leveraging AR technology, the researchers combine virtual and physical elements, en-

hancing the gameplay experience of Monopoly. The integration of computer vision and tracking

algorithms allows for accurate recognition and tracking of the game board and its pieces. This,

in turn, enables the overlay of digital elements onto the physical board and game pieces, creating

a mixed reality environment specific to the Monopoly game. Figure 2.6 visualizes the approach

described earlier.

Figure 2.6: AR approach overview [36]

Through the AR interface, players can engage with animated visual effects, virtual characters,

and interactive elements that respond to their actions, bringing the Monopoly game to life in new

and exciting ways. This blending of physical and virtual components introduces new dimensions

to the gameplay, surpassing the limitations of the traditional Monopoly board game. Figure 2.7

showcases the outcome of the gameplay.

The exploration of AR in Monopoly showcased in the paper [36] demonstrates the potential

of this technology to revolutionize the way we approach classic board games. By merging the
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Figure 2.7: Gameplay [36]

real and digital worlds, AR offers a unique and immersive gaming experience that combines the

familiarity of the traditional Monopoly game with innovative digital enhancements.

2.4.7 Flo[RA]

The article [52], authored by Teixeira, presents a detailed case study on the development of a seri-

ous game that utilises augmented reality (AR) and programming for indoor and outdoor systems.

The game specifically focuses on the Galeria da Biodiversidade da Universidade do Porto, aiming

to provide an engaging and educational experience for players.

Through the integration of AR technology, players are immersed in a virtual environment

where they can interact with virtual elements related to biodiversity. This interactive approach en-

hances the learning process by allowing players to explore and discover information about various

species, ecosystems, and environmental conservation.

The application, named Flo[RA], is developed in Unity and offers a gameplay experience that

can be divided into three main sections: the Inside Scene, the Outside Scene, and the Creative AR

Scene. Additionally, there are smaller scenes that complement the overall gameplay.

In the Inside Scene, players find themselves inside the Gallery, specifically in the room where

the leaves are showcased in a window as illustrated in figure 2.8. This section serves as the starting

point, where players can unlock the ability to find the corresponding trees in the Garden.

Figure 2.8: The four leaves displays inside the Gallery [52]
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The figure 2.9 is regarding the leaf detection game. Here, when the camera detects any of the

six available leaves, irrespective of whether it is the targeted leaf or not, a question mark symbol

appears. This serves as a hint to the player that a leaf has been detected. Upon pressing the camera

button, if the identified leaf is incorrect, a red cross is displayed, signifying an incorrect match.

In such cases, a penalty is applied to the player’s score, and they must continue searching for the

correct leaf. On the other hand, successfully locating the correct leaf triggers the display of a green

tick symbol.

Figure 2.9: Detection and feedback system when detecting the leaves [52]

Moving to the Outside Scene, players explore the Garden surrounding the Gallery. Here, they

search for and discover the trees associated with the leaves they encountered inside. By finding

these trees, players unlock additional abilities and features that can be utilised in the Creative AR

Scene.

The Creative AR Scene is a separate component of the application that can be accessed from

anywhere. In this section, players can utilise the unlocked stickers obtained from finding the trees.

The Creative AR Scene provides a platform for players to engage with the unlocked content in an

AR setting, allowing for unique and creative experiences.

To create the game, a combination of programming tools and techniques are employed. These

tools enable the implementation of interactive features, such as object recognition, spatial map-

ping, and real-time visualizations. The programming aspect also allows for customization and

adaptation of the game content, ensuring a tailored and dynamic experience for the players.

The technology used in the game includes AR frameworks and software development kits

(SDKs) that facilitate the integration of virtual content with real-world environments. This seam-

less blending of the virtual and physical worlds enhances the immersion and engagement of the

players, fostering a deeper understanding of biodiversity and ecological concepts.

Overall, the development of this serious game showcases the potential of AR and programming

in creating interactive and educational experiences, particularly in the context of biodiversity and

environmental awareness.



Chapter 3

Proposed Solution

In this chapter, we will begin by restating the goal of this dissertation and conduct a general

overview of the solution and game concept. This will be followed by a comprehensive definition of

the FR and NFR. Finally, this chapter will conclude with an in-depth examination of the software

architecture.

It’s worth noting that this information is based on the Concept Document (Appendix A) and

the Game Design Document (Appendix B) produced during the development of this project.

3.1 PlayMaps - AR Gaming App Overview

PlayMaps is an innovative application that combines AR, cartography, and georeferenced infor-

mation to create an immersive and engaging experience for users. The application aims to revo-

lutionize the utilization of traditional paper maps by transforming them into interactive platforms

that captivate users and enhance their exploration of various regions. By seamlessly integrating

AR technology and leveraging the rich georeferenced data from Infoportugal’s database, this solu-

tion offers a novel approach to experiencing maps, fostering knowledge acquisition, and inspiring

a desire to visit real-world PoI.

To create an appropriate game application for the targeted audience with complex technol-

ogy like AR, it is important to understand the context of the game, regarding it’s features and

mechanics, which will be presented in the following subsections.

In the context of this dissertation, the prototype development utilised the map of Montalegre.

The map, along with its corresponding board arrangement, is securely stored within a DB. The

board adopts a graph-like structure, where PoI serve as vertices and the connecting roads represent

the edges. The game is designed to function as a flexible GE, allowing for modifications to the

map and graph layout without impacting the core gameplay as long as the necessary information

can be readily accessed from the server. In other words, it’s a GE prototype that allows to generate

different versions of the same game concept for different maps.

Moreover, the game offers the option to select different map modes. For instance, Montalegre

can be presented in its regular layout and style, or alternatively, an atmospheric Halloween theme

24
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can be chosen, resulting in corresponding alterations to the visual presentation. It should be noted

that, in this prototype, only one exemplary layout and theme were developed for demonstration

purposes.

3.1.1 Game Concept

The game concept is centered around an AR multiplayer experience set in the Montalegre region,

utilizing a paper map as the foundation. The gameplay begins by identifying a predefined set of

PoI strategically placed throughout the region. A series of routes are then carefully mapped onto

the paper map, creating a network of interconnected paths that guide the players’ exploration.

Figure 3.1 illustrates this process.

At each PoI, players encounter question cards that prompt them to test their knowledge, obser-

vation skills, and problem-solving abilities. These question cards add an element of challenge and

engagement, further immersing players in the rich historical, cultural, and geographical aspects of

the Montalegre region.

Figure 3.1: Game concept process

To participate in the game, players utilize their mobile devices equipped with the game appli-

cation. Leveraging AR technology, players can scan the paper map using their devices’ cameras,

enabling the digital elements to be superimposed onto the real-world environment. This integra-

tion of mobile devices and AR enhances the gameplay experience by providing a seamless blend

of physical and virtual worlds, creating an immersive and interactive gameplay environment.

The game supports multiplayer dynamics, allowing players to engage in the same game session

either in-person or across different physical locations. As long as all participants have access to

the same map, they can connect and play together, fostering collaboration and competition in a

shared gaming experience.
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3.1.2 Game Rules and flow

The game follows a set of guidelines and a structured progression to ensure an enjoyable and fair

experience for all participants. By understanding and adhering to these rules, players can immerse

themselves in a captivating and strategic gameplay experience. Additionally, the structured flow

ensures fair competition, while the various challenges and opportunities for progression attempts

to keep players engaged and motivated throughout their journey in the game. Here are the main

elements concerning the rules and flow:

3.1.2.1 Home screen & Authentication

Upon launching the application, the user is greeted with a welcoming screen (figure 3.2), which

seamlessly transitions to the Sign In (figure 3.3). Within the Sign In, the user is presented with

the choice to either sign in if they already possess an account or opt for the Sign Up feature

(figure 3.4) by pressing the "Sign Up" button. In the Sign Up interface, the user is provided with

the opportunity to generate a distinctive username, input their email address, and set a secure

password.

Figure 3.2: Welcome Screen
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Figure 3.3: Sign In Screen

Figure 3.4: Sign Up Screen

3.1.2.2 Joining the game session

Players have the exciting opportunity to participate in an ongoing game session or take the ini-

tiative to create their own exclusive game environment (figure 3.5). As a host of a game session,

players enjoy various advantages, such as the ability to customize the map and select the desired

mode for the board (figure 3.6), as well as having the privilege of being the first to play.
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Figure 3.5: Create/Join game Screen

When players choose to create a game, they are presented with a screen where they can hand-

pick their preferred map and mode for the board game among the available ones (figure 3.6). This

customization aspect adds a layer of personalisation, empowering players to tailor their gameplay

experience to their liking. Following the map and mode selection, a lobby screen (figure 3.8) is

presented, automatically generating a unique room key, ensuring the integrity and exclusivity of

the game room. The room key serves as a special code that can be shared among players who

wish to join the game room. By sharing the code, players are granted access to the captivating

gameplay within the designated game room. Players simply need to input the valid room key in

the designated text box of the Join game screen (figure 3.7) to become a player of an existing

game. It’s important to note that although any player can join, each game room has a specific

capacity, allowing a minimum of 2 players and up to a maximum of 4 players. This limitation

ensures optimal gameplay dynamics and an immersive experience for all participants. If a player

decides to start the game without respecting the number of players necessary, an error message

appears (figure 3.9). In the lobby screen (figure 3.8), it is illustrated a QR code section, but for this

prototype that feature was not developed.
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Figure 3.6: Map & Mode Screen

Figure 3.7: Join game Screen
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Figure 3.8: Lobby Screen

Figure 3.9: Lobby Error Message Screen

Once the players have gathered and are ready to embark on their adventure, they can press the

play button, which triggers the transition to the game scene.

3.1.2.3 Map Validation

Before the game begins, a validation process is conducted on the chosen map. This critical step

ensures the seamless synchronization of the map among all participating players, guaranteeing a

consistent and accurate game environment for everyone involved.

The map validation serves as a vital checkpoint to confirm that all players possess the correct

version of the map, eliminating any potential discrepancies or inconsistencies. It establishes a

unified foundation for the game, enabling a harmonious and fair gameplay experience.
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In addition to validating the map, this process also includes a synchronization period where all

players are required to complete. This synchronization period ensures that every player is on the

same page and ready to begin the game.

During this phase, the screen depicted in Figure 3.10 is displayed. This screen includes various

elements, such as an empty leaderboard and the presence of only one player in the board, which

indicate to the player that the other participants are not yet prepared.

Figure 3.10: Player waiting for other players to validate their map

3.1.2.4 Turn-Based Gameplay

The game operates on a turn-based system, allowing players to take individual turns to perform

actions. Players are provided with visual feedback to indicate whether it is currently their turn

(Figure 3.11) or if they are in a waiting state for their turn (Figure 3.12). Each player’s turn consists

of three primary phases: assessment, movement and interaction. This turn structure guarantees

equal opportunities for all players to make strategic decisions and progress in the game. As a

consequence, the game fosters a competitive environment where players strive to outperform their

opponents. Strategic decision-making plays a crucial role in achieving success. Players must

consider factors such as resource management, risk assessment, and opponent analysis to gain an

advantage and secure victory.
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Figure 3.11: Your turn Screen

Figure 3.12: Waiting for turn Screen

During their turn, players have the ability to move within the game’s board. The movement

is determined by rolling a dice (figure 3.13), which determines the number of "movement units"

a player can accumulate. The result of the roll is added to the player’s existing "movement units"

and determines the number of moves they can make. These "movement units" can be saved and

used in future rounds if not all of them are used in one round. After rolling the dice, players can

strategically plan their movement to reach specific PoIs or hinder their opponents’ progress.
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Figure 3.13: Roll Dice Screen

The player is presented with a screen labeled "Choose Destination" (Figure 3.14). At this

stage, the game awaits the player’s selection of an adjacent PoI to move towards. Upon choosing a

PoI from the board, a visual indicator confirms the player’s selection (Figure 3.15). Subsequently,

when the player clicks the "Move" button, the game verifies the validity of the chosen PoI. If the

selected PoI is not adjacent to the player’s current position, an error message will be displayed

(Figure 3.16). Conversely, if the chosen PoI is a valid destination, the game will initiate the

movement, consuming the available "movement units" until exhausted or until reaching a PoI.

Figure 3.14: Choose Destination Screen
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Figure 3.15: Destination Chosen Screen

Figure 3.16: Error Message Screen
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Figure 3.17: After Movement Screen

As players land on a PoI, they encounter a question related to that landmark which they must

answer within a given time limit (figure 3.18). Correctly answering the question (figure 3.19)

enables the player to conquer that PoI or steal it if that a PoI is already conquered by another

player (figure 3.21). Each PoI has multiple unique questions associated with it, making it more

challenging for players to rely on previous answers from previous games to win. If the player

answers incorrectly (figure 3.20) or if it reaches the time limit, his turn is over.

Figure 3.18: Question Screen
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Figure 3.19: Correct Answer to a Question Screen

Figure 3.20: Incorrect Answer to a Question Screen
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Figure 3.21: Conquered PoI Screen

3.1.2.5 Finishing the game

In order to win the game, the player must answer a predetermined number of questions correctly.

If he accomplishes that goal before all his opponents, he wins the game (figure 3.22). Otherwise,

he’s defeated (figure 3.23).

Figure 3.22: Victory Screen
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Figure 3.23: Defeat Screen

3.2 Definition of Requirements

As outlined in the Concept Document (Appendix A) and Game Design Document (Appendix B),

the gaming application should include specific functionalities that meet the FR, as well as general

characteristics that align with the NFR.

3.2.1 Functional Requirements

The application should encompass specific functionalities that meet the FR illustrated in the table

3.1.
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Functional Requirements

ID Description

F1 Sign In to an existing account

F2 Register a new account

F3 Create a new game board

F3.1 Choose Map and Mode of the game

F4 Enter game lobby

F4.1 Enter with access code if player not the creator of the game

F4.2 See connected players

F5 Start Game

F6 Validate Map

F7 Import game specificities JSON

F8 Wait for all connected players to validate map

F9 Wait for turn

F10 Roll dice

F10.1 Increment roll to movement units

F11 Movement Units

F11.1 See number of movement units available

F11.2 Use movement units to move to another point of interest

F11.2.1 Decrease movement units available in accord with the moves made

F12 Choose destination

F12.1 Only allow adjacent point of interest as valid destinations

F13 Move player (Graph movement)

F13.1 Can move to another’s player conquered and/or occupied point of interest

F14 Answer a question

F14.1 See question’s timer

F14.2 Close question if the timer reaches 0s and pass turn to the next player

F14.3 If the player is in an enemy’s point of interest and if he answers the question

correctly, he steals that point of interest

F15 Players position displayed on the map

F16 See player’s game progress

F16.1 Actual PoI conquered (UI visual effect of the player’s PoI)

F17 See other players progress

F17.1 Actual PoI conquered (UI visual effect of other players PoI)

Table 3.1: Functional Requirements

The diagram shown in Figure 3.24 provides an overview of the actors and FR.
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Figure 3.24: Actors and Functional requirements diagram

3.2.2 Non-functional Requirements

The gaming application should include general characteristics that meet the NFR illustrated in the

table 3.2
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Non-functional Requirements

ID Category Description

NF1 Security The system shall protect information from unauthorized access

through the use of an authentication and verification system

NF2 Longevity Require easy maintenance

NF3 Scalability The system must be prepared to deal with the growth in the number

of users, their actions and their contents

NF4 Accessibility The system must be accessible anytime and anywhere

NF5 Usability The system must be easy to use and intuitive

NF6 Portability The mobile application should be responsive and work on all mobile

devices with an Android Minimum API level of Android 8.0 ’Oreo’

or higher

NF7 A camera and permission to access it

NF8 Gyroscope and permission to access it

NF9 Internet connection

NF10 Synchronization of the “game world” for Multiplayer

NF11 Simulation of environmental lighting condition for virtual objects

NF12 3D-scene rendering on the device

NF13 Realistic AR virtual objects appearance

NF14 Image tracking

NF15 Appropriate camera pose for AR

NF16 Availability The system must be available 99 percent of the time in each 24-hour

period

NF17 Robustness The system must be prepared to handle and continue operating when

runtime errors occur

NF18 Ethics The system must respect the ethical principles in software develop-

ment (for example, personal user details, or usage data, should not

be collected nor shared without full acknowledgement and authoriza-

tion from its owner) - GDRP / General Data Protection Regulation

Table 3.2: Non-functional Requirements

The diagram shown in Figure 3.25 provides an overview of the NFR.
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Figure 3.25: Non-functional requirements diagram

3.3 Software Architecture

The solution comprises two integral modules: the backend and the board game (Figure 3.26).

Each module plays a vital role in ensuring a seamless and immersive gaming experience. The

backend module encompasses a DB and a WebSocket server. The server is deployed and ac-

cessible through the Heroku platform at the following URL: https://playmaps-backend.

herokuapp.com/.

The server acts as the backbone of the entire system. Its primary responsibilities encompass

managing and maintaining the game state, including synchronizing information among connected

players, establishing the initial play order, and orchestrating the overall gameplay and scoring.

Leveraging the power of websockets, all communication between players and the server occurs in

real-time, allowing for instantaneous updates and interactive engagements. The DB module stores

all critical game-related information. From user credentials and game room details to players’

positions and the board map configuration, the DB safeguards every aspect of the game’s founda-

tion. It houses vital data such as available maps and it’s modes, PoIs, edges, and the challenging

questions associated with each PoI. The server also includes scripts that populate the DB with

an admin, two users, and the Montalegre board map informations. A map-seeder script utilizes

JSON resources from the Doc JSON folder to populate the DB with all available maps and modes.

https://playmaps-backend.herokuapp.com/
https://playmaps-backend.herokuapp.com/
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The Waypoints controller is responsible for managing these resources and providing them to users

upon request.

On the other hand, the board game module takes charge of implementing the intricate mechan-

ics of the game and visually representing the communicated game state from the server. This dy-

namic module is responsible for a myriad of functionalities, such as facilitating player movement

across the board, simulating dice rolls, and seamlessly integrating AR elements. Additionally, the

board game module also governs the process of answering questions, showcases the thrilling ac-

tions of conquering or stealing PoIs, and prominently displays the game’s score, ensuring players

remain engaged and immersed throughout their gameplay journey.

Figure 3.26: Architecture of the solution



Chapter 4

Solution Implementation

In this chapter, we take a closer look at how the solution was implemented. We start by discussing

the folder and file structure. Then, we examine the DB structure and seeders, which store the

important information for the system. Finally, we analyze the WebSocket communication, which

enables real-time interactions between the clients and the server.

Additionally, this chapter presents the results of the focus groups testing conducted to evaluate

the UI and functionalities of the proposed solution. This research aimed to gain valuable insights

into participants’ attitudes, perceptions, and reactions while engaging with the game. By utiliz-

ing focus group sessions, a comprehensive understanding of the game’s usability, requirements

validation, and potential areas for improvement were obtained.

4.1 Folder/File structure

Given that the solution is divided into two modules, each module has its own unique folder and

file structure. The subsequent sections provide a comprehensive description of the organization

and purpose of these folders and files within each module.

4.1.1 Backend

The backend module comprises the essential files for establishing the DB and its models, managing

the WebSocket server, and overseeing active games and players. It also includes scripts responsible

for populating the DB. For a detailed overview of the folder and file structure within this module,

please refer to Table 4.1 and the respective diagram 4.1.

44
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Folder/File Description

src/ This folder contains all the necessary source files to operate the back-

end.

src/controllers/ This folder houses the controllers responsible for handling requests

and messages.

src/controllers/auth-ctrl.json This file manages authentication requests.

src/controllers/game-ctrl.json This file handles active games, players, and processes requests and

messages related to the game.

src/controllers/users-ctrl.json This file handles requests related to user information management.

src/controllers/waypoints-ctrl.json This file handles and processes requests related to the board game,

particularly the graph associated with the current map.

src/controllers/websocket-ctrl.json This file is responsible for handling all client requests and appropri-

ately delegating them to the respective controllers.

src/dataBase/ This folder contains all the scripts required to populate the DB with

initial data.

src/Doc Json/ This folder contains all the board-related information, categorized by

region, and within each region, further categorized by mode. All the

information is in JSON format.

src/models/ This folder encompasses all the DB models used in the system.

index.js This file is responsible for configuring the backend server.

package.json This file holds the project’s dependencies and essential information.

package-lock.json This file maintains a record of the specific version of each installed

package.

Table 4.1: Backend folder & file description
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Figure 4.1: Backend file structure diagram

4.1.2 Board Game

Within the board game module, all the necessary files for user engagement, game board and player

display, as well as the enforcement of rules and game mechanics are contained. A detailed break-

down of the folder and file structure for this module can be found in Table 4.2 and the respective

diagram 4.2.
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Folder/File Description

Assests/ This folder contains all the necessary assets for the board game.

Assests/Animations/ This folder contains all the game animations utilized throughout the

gameplay.

Assests/Packages/ This folder contains the necessary packages utilized within the board

game.

Assests/ParrelSync/ This folder contains the files related to the ParrelSync package uti-

lized within the board game.

Assests/Plugins/ This folder houses the plugins utilized within the board game.

Assests/Prefabs/ This folder stores the prefabs that have been created and utilized in

the board game.

Assests/Resources/ This folder contains the installation assest related to the Vuforia

package utilized within the board game.

Assests/Scenes/ This folder encompasses the scenes utilized within the board game.

Assests/Scripts/ This folder houses the scripts responsible for enforcing the rules and

mechanics of the board game.

Assests/StreamingAssets/ This folder contains the files related to the maps to be identified by

the Vuforia package within the board game.

Assests/TextMeshPro/ This folder contains the installation assets related to the TextMesh-

Pro package utilized within the board game.

Packages/ This folder encompasses the packages employed within the board

game.

ProjectSettings/ This folder establishes the configuration settings for the project.

Table 4.2: Board Game folder & file description
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Figure 4.2: Board Game file structure diagram

4.2 DataBase

The digital gaming platform utilizes a MongoDB DB, known for its simplicity, flexibility, and

scalability. To define the structure of the documents in the DB, Mongoose 1, a MongoDB 2 Object

Data Modeling library for node.js 3, was employed. Mongoose offers a user-friendly approach for

modeling the application data in the DB by utilizing a schema-based solution.

4.2.1 Structure

The DB structure was meticulously planned to fulfill the system’s requirements, specifically for

authentication, board maps, and game status management.

To cater to user-related information, the User model was established. It retains essential de-

tails such as login credentials, names, and user roles. Additionally, it stores an admin token for

admin users and generates a unique sessionToken upon login. This sessionToken serves as a dis-

tinct identifier, enabling the server to differentiate between connected clients and determine the

appropriate recipients for information exchange.

The GameRoom model encompasses details about the shared lobby among users, while the

Map, Map-Mode, Node, Edge and Question modules hold relevant information pertaining to the

underlying map, game mode, board layout, and the questions to be presented.

The Player model stores essential player-specific data, enabling the execution of player-specific

abilities as required.

1https://mongoosejs.com/
2https://www.mongodb.com/
3https://nodejs.org/en
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A concise overview of each model is presented in Table 4.3, offering key details and charac-

teristics of the models.

Model Description

User The User model represents a user in the system. It includes fields such as

name, email, password, and sessionToken.

GameRoom The GameRoom model represents a game room in the system. It contains

fields such as mapId, modeId, roomKey, connectedUsers, disconnectedUsers,

and state.

Player The Player model represents a player in the game. It includes fields such as

userId, color, status, startingNode, currentPosition, and conqueredNodes.

Map The Map model represents a map in the system. It includes fields such as

adminId, name, description, and image.

Map-Mode The Map-Mode model represents a specific combination of a map and a game

mode. It contains fields such as mapId, name, and description.

Node The Node model represents a node on a specific map in a particular game

mode. It includes fields such as mapModeId, nodeIndex, name, coords, and

gameState.

Edge The Edge model represents a connection between two nodes on a specific map

in a given game mode. It includes fields such as mapModeId, nodeIdFrom,

nodeIdTo, and value.

Question The Question model represents a question associated with a specific node on a

particular map in a given game mode. It includes fields such as mapModeId,

nodeId, image, text, option1, option2, option3, option4, and correctOption.

Table 4.3: DB’s description

The structure of each model is depicted in the following tables, providing a clear visual repre-

sentation of their composition and organization.

• User model:
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Field Type Required Description

name String Yes The name field stores the user’s name.

email String Yes The email field holds the user’s email address

password String Yes The password field is used to securely store the user’s pass-

word

adminToken String No An authentication token that grants administrative privi-

leges to the user.

sessionToken String No The sessionToken field is a unique identifier generated at

login, allowing the system to recognize the user and asso-

ciate their actions with their account

Table 4.4: User model’s description

• GameRoom model:

Field Type Required Description

mapId ObjectId Yes The mapId field refers to the specific map asso-

ciated with the game room.

modeId ObjectId Yes The modeId field represents the game mode cho-

sen for the room.

roomKey String Yes The roomKey field stores a unique identifier for

the room.

connectedUsers [ObjectId] Yes The connectedUsers field keeps track of the users

currently connected to the room.

disconnectedUsers [ObjectId] No The disconnectedUsers field stores information

about users who have disconnected.

state String Yes The state field indicates the current state of the

game room.

Table 4.5: GameRoom model’s description

• Player model:
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Field Type Required Description

userId ObjectId Yes The userId field references the

corresponding user in the User

model.

color String Yes The color field stores the player’s

assigned color.

status String No The status field indicates the

player’s current status in the game.

startingNode ObjectId No The startingNode field represents

the initial node assigned to the

player.

currentPosition [Number, Number, Number] No The currentPosition field holds the

player’s current position on the

board, with xPos, yPos, and zPos

representing the coordinates.

conqueredNodes [ObjectId] No The conqueredNodes field keeps

track of the nodes that the player

has successfully conquered.

Table 4.6: Player model’s description

• Map model:

Field Type Required Description

adminId ObjectId Yes The adminId field references the user who created the map.

name String Yes The name field stores the name of the map’s region.

description String No The description field provides a general description of the

map.

image String Yes The image field contains the image path of the map in the

server.

Table 4.7: Map model’s description

• Map-Mode model:
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Field Type Required Description

mapId ObjectId Yes The mapId field references the corresponding map associ-

ated with the mode.

name String Yes The name field stores the name of the mode, providing a

descriptive title.

description String No The description field provides additional details about the

mode.

Table 4.8: Map-Mode model’s description

• Node model:

Field Type Required Description

mapModeId ObjectId Yes The mapModeId field references

the corresponding map-mode

combination that the node be-

longs to.

nodeIndex String Yes The nodeIndex field represents the

unique index of the node within

the map-mode.

name String Yes The name field stores the name as-

signed to the node.

coords [Number, Number, Number] Yes The coords field holds the coor-

dinates of the node on the map,

specifying its position in three-

dimensional space using the x, y,

and z axes.

gameState [ObjectId, ObjectId, Date] Yes The gameState field includes in-

formation about the current state

of the node, such as the asso-

ciated gameId, playerOccupancy,

and timestamp.

Table 4.9: Node model’s description

• Edge model:
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Field Type Required Description

mapModeId ObjectId Yes The mapModeId field refers to the corresponding map-

mode combination that the edge belongs to.

nodeIdFrom ObjectId Yes The nodeIdFrom field identifies the node connected by the

edge, specifying the starting point of the connection.

nodeIdTo ObjectId Yes The nodeIdTo field identifies the node connected by the

edge, specifying the ending point of the connection.

value Number Yes The value field stores additional information or attributes

related to the edge. In the context of this application, the

value indicates the number of spaces between the nodeId-

From and the nodeIdTo.

Table 4.10: Edge model’s description

• Question model:

Field Type Required Description

mapModeId ObjectId Yes The mapModeId field references the corresponding map-

mode model that the question belongs to.

nodeId ObjectId Yes The nodeId field identifies the node to which the question

is related.

image String Yes The image field contains the image path of the map in the

server.

text String Yes The text field stores the actual question being asked.

option1 String Yes Answer choice provided to the player number 1.

option2 String Yes Answer choice provided to the player number 2.

option3 String Yes Answer choice provided to the player number 3.

option4 String Yes Answer choice provided to the player number 4.

correctOption String Yes The correctOption field indicates the correct answer option

for the question.

Table 4.11: Question model’s description

4.2.2 Seeders

The server encompasses a designated folder called "database" that houses multiple scripts respon-

sible for populating the DB. These seeders execute automatically upon launching the server and

serve the following purposes:

• Generating an admin user, if one doesn’t already exist.
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• Generating a non-admin user, providing access without administrative privileges, if one

doesn’t already exist.

• Generating a non-admin user, providing access without administrative privileges, if one

doesn’t already exist.

• Generating the comprehensive game board, including all maps, modes, nodes, edges, and

associated questions, in the event that it doesn’t exist within the DB.

• Deleting any Player model, if any exists.

4.3 Websocket communication

Given the interactive nature of the real-time multiplayer board game where every action yields

instantaneous consequences on the game board and necessitates prompt feedback, a bidirectional

communication mechanism between the various modules of the gaming platform becomes indis-

pensable. To address this challenge, WebSocket communication is employed between the server

and the board game.

The exchanged messages between these components are transmitted in JSON format, each

encompassing a "type" field. This "type" field serves as a means for all modules to classify and

handle received messages according to their unique characteristics and requirements.

4.3.1 Server

The WebSocket server is responsible for populating the DB with initial data and manage all con-

nections established with the WebSocket clients. Each client is assigned a unique identifier, re-

ferred to as an "id," upon connection. This identifier is generated and subsequently stored in the

"sessionToken" field of the user model within the DB after successful user authentication.

When the server receives a message from a WebSocket client, it processes the message by

examining its type and content. Subsequently, the server dispatches the appropriate response to

the corresponding WebSocket clients using their respective "sessionToken" values. To ensure the

vitality of WebSocket connections, a Ping-Pong scheme is employed between the WebSocket

server and all connected WebSocket clients. The server regularly sends a "ping" message every

two seconds to each client and expects a corresponding "pong" message in return. Failure to

receive a "pong" message within the designated timeframe prompts the server to issue a warning.

In the event of a connection closure, the server transmits specific messages to the remaining clients

within the same game room, contingent upon the game’s state.

If players are still in the lobby, the server dispatches a "disconnectedClientLobby" message

to inform other connected players within the corresponding game room. Conversely, if the game

has already commenced, the server sends a "gameData" message to all remaining players. This

enables each client to update the board’s state, remove the avatar of the disconnected player, and

adjust the overall game progress accordingly. With each disconnection, the server assesses the
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number of remaining players. During gameplay, if the player count falls below two, the server

concludes the game and notifies the sole remaining player of their victorious status through a

"gameOver" message.

4.3.2 Clients

The board game module establishes a WebSocket connection with the WebSocket server, initial-

ising it as soon as the game starts. Each WebSocket client processes received messages indepen-

dently and can only transmit messages to the WebSocket server.

Within the mobile application, messages received from the server have varying effects based

on their types. These messages facilitate the display of the board layout and all necessary com-

ponents, as well as influencing players positions and scores. Additionally, this module can send

different types of messages to the server, depending on user actions. These actions include re-

questing permission to create or join a game room, initiating the game, seeking an initial position

on the board, providing the player’s current position, notifying the server about the correctness of

a question answer, or requesting binary information related to question images.

Furthermore, when permission requests are made, the server responds with messages tagged

as "type: ERROR" or "type: ACK". In case of errors, regardless if it’s a permission request or not,

the board game module is designed to effectively present these error messages, ensuring instant

feedback to the users.

4.3.3 Fault tolerance

To ensure seamless gameplay and prevent disruptions in the event of intermittent internet connec-

tivity, the digital gaming platform incorporates various fault-tolerance measures. These measures

include:

• Prior to sending any message, the backend module verifies the status of the WebSocket

connection to avoid triggering errors.

• The board game module periodically checks the status of the WebSocket connection. If

the connection is lost, it will make attempts to reestablish the connection with the backend

module before transmitting the intended message.

• In case any client experiences a loss of internet connection, the backend module will detect

the player’s disconnection and seamlessly manage the removal process. This ensures that

the game’s progression remains unaffected for the remaining players.

4.4 Evaluation by the focus groups

To obtain valuable feedback, two separate focus group sessions were organised, with each session

accommodating a maximum of four participants, as this aligns with the game’s capacity. The
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focus groups comprised young adults who were selected based on their frequency of engagement

in online gaming activities. Prior to the sessions, a survey was distributed among individuals

belonging to the game’s target audience, gathering relevant information to ensure the selection of

suitable candidates.

The two focus groups were intentionally composed of distinct participants. The first group

primarily consisted of individuals with backgrounds in engineering courses, while the second

group included participants from diverse fields of study. It is worth noting that prior to the sessions,

the participants did not have any prior acquaintance with one another, fostering an unbiased and

impartial environment for discussions.

The focus group sessions provided an opportunity to capture participants’ thoughts and ex-

periences throughout their interaction with the game. This qualitative research method allowed

for an in-depth exploration of their perspectives. By analysing and interpreting the data collected

from these sessions, valuable insights can be gained to enhance the overall gaming experience.

Each focus group session lasted approximately 1 to 1.5 hours and were led by a moderator

who guided the participants throughout the session. The moderator’s role included welcoming

the participants, initiating and moderating discussions, managing group dynamics, and ensuring a

productive and engaging environment.

The moderator commenced the focus group session by providing a concise introduction, ac-

quainting the participants with his background and presenting an overview of the project’s context.

This included discussing the project’s scope, primary objectives, anticipated outcomes, established

ground rules, and the expected duration of the testing phase.

Following the introduction, the participants were presented with a series of discussion ques-

tions, categorized as follows:

1. Usability and Interaction Design:

• What aspects of the game did you find most and least enjoyable?

• Did you notice any elements that seemed out of place or unnecessary?

• Were there any missing information or features that you expected to see?

2. Content Understanding:

• Was it easy to comprehend the game’s rules and concept?

• How would you describe the experience of playing this game in your own words?

• In your opinion, which area requires further improvement to enhance the final product?

After the question and answer session, the moderator conducted a Five Finger survey. This sur-

vey involved participants raising their fingers to indicate their level of agreement or disagreement

with each question posed. The scale ranged from one finger, representing complete disagreement,

to five fingers, signifying complete agreement. This methodology was employed to gather in-

sights regarding participants’ overall experience, intention to play the game in the future, level of

engagement, and perception of the interface design.
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An assistant moderator supported the process by operating a tape recorder, taking notes on the

questions, and capturing relevant participant details such as body language or other cues.

Both focus group sessions were conducted under identical conditions. They took place in

the same classroom at FEUP, followed the same structure, used the same set of questions, and

involved the same moderator and assistant moderator. To ensure anonymity, participants were

assigned identification numbers at the beginning of each session from 1 to 4.

4.4.0.1 Results

To ensure the clarity and relevance of participant feedback, it was essential to filter their comments

down to the essential information. The consolidated feedback, organised by participant, question,

and group, can be found in Appendix C. Once this data was structured, the development team,

specifically the service engineering student, identified six distinct categories. Each category is

accompanied by a concise summary of the findings, and selected participant quotes are highlighted

to support the summary. Quotes from the first and second focus groups are identified as "G1" and

"G2," respectively. While not all quotes and suggestions are presented within the categories, they

have been documented for future consideration and further development.

1. Ergonomics

During the evaluation sessions, participants raised concerns regarding the ergonomics of the

game. Here is a summary of their key points:

• G1: “Tiring to always have your arm raised. There should be a feature to freeze the

screen”;

• G1: “The game requires a functionality to freeze the screen”;

• G2: “"The position of my arm was very bad, I was getting tired”;

• G2: “I also felt like that, I was always switching hands”.

These points highlight the importance of considering the ergonomics of the game to ensure

a more comfortable and user-friendly experience for players. Participants emphasised the

need for a functionality to freeze the screen temporarily, alleviating the strain on the arm

during extended gameplay sessions.

2. Players’ Identification

Several participants shared their observations regarding the identification of characters and

pawns in the game. Here are some of the comments made by the participants:

• G1: “It is not identifiable which characters each player controls”;

• G1: “You can’t see the players’ names by changing the angle of the phone”;

• G1: “It was very difficult to understand which controlled each pawn, so the game was

kind of confusing in the beginning”;
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• G2: “I could not understand which pawn belonged to each”;

• G2: “I agree, you should put an arrow on top of the player’s pawn”.

These comments highlight the need for clearer identification of characters and pawns within

the game, addressing the participants’ concerns and enhancing the overall gameplay experi-

ence.

3. Rewards

Participants shared their thoughts on introducing additional elements to enhance the game-

play experience. Here are the key points raised by the participants:

• G1: “The game should have some perks or special actions on the path to each PoI”;

• G2: “The game could have as well like some perks between PoI’s”;

• G2: “Like small mystery boxes”;

• G2: “That is a very good idea”;

• G2: “I agree”.

These suggestions highlight the potential to introduce additional elements, such as perks

(rewards) and mystery boxes, to add excitement and variety to the game.

4. Game Engagement

Regarding game engagement, participants shared their perspectives and improvements for

the game. Here is a summary of the key points raised:

• G1: “The game should allow players to communicate between each other, by stickers

for example”;

• G1: “The pace of the game is too slow”;

• G2: “It was a bit disappointing, very basic. It needs a lot more work”;

• G2: “I agree I liked it, but it was very basic”;

• G2: “I would only play it again if there was more POI’s and the map should be more

realistic”.

These feedback points highlight the participants’ suggestions for improving the game. En-

hancements such as incorporating communication features, increasing the pace, adding

complexity, and expanding the number of PoIs could address the participants’ expectations

for a more engaging and immersive gameplay experience.

5. User Friendliness

During the discussion, the participants expressed their opinions on the user-friendliness of

the game. Here is a summary of their key points:
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• G1: “It should have instructions throughout the game’s interfaces. It should give more

feedback to the user”;

• G1: “You should make the game more user centred, providing more feedback to the

user”;

• G2: “I was confused along the game, I think the game lacks a lot of instructions”;

• G2: “The game lacks small feedback everywhere”;

• G2: “We need more feedback as well regarding other players achievements”.

These points emphasise the participants’ desire for a more user-centered approach in the

game. They highlighted the importance of clear instructions, informative feedback, and

guidance throughout the gameplay to improve user understanding, reduce confusion, and

enhance overall user-friendliness.

6. Area of Improvement

Participants also provided valuable insights regarding areas of improvement for the game.

Here is a summary of their key points:

• G1: “Invest in 3D modelling”;

• G1: “I think you should also improve the AR component”;

• G1: “Improve the 3D modelling”;

• G2: “Definitely, the AR component”;

• G2: “Without a doubt, marketing.”;

• G2: “Considering this could be played for children, the UI needs to improve a lot”.

These points shed light on the areas that could be enhanced to further improve the game.

Suggestions included investing in 3D modelling, improving the AR component, focusing

on effective marketing, and prioritising UI improvements, particularly to cater to the needs

and preferences of children.

After the questions, the moderator proceeded to conduct the Five Finger survey. The findings

of this survey aligned with the feedback mentioned earlier. Participants, on average, rated the

following categories: (1) overall experience, (2) intention of replaying the game, (3) level of

engagement, and (4) level of the game interface design. The average ratings for these categories

were 3.8, 1.8, 2.4, and 2.6 out of 5, respectively.
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Conclusions and Future Work

The objective of this study was to study different possible technological solutions in order to de-

sign and develop an AR multiplayer gaming application with the goal of enhancing engagement

and understanding of specific regions among children and young adults. The game utilised AR

technology to create an immersive and educational experience, enabling users to interact with pa-

per maps and explore different regions. Throughout the development process, the game underwent

evaluations by experts and focus group sessions to gather valuable feedback.

5.1 Reflection on Objectives and Evaluation Outcomes

The primary objectives of this dissertation were to study different possible technological solutions

in order to design an AR game with paper maps, determine the best technology to support AR

games with paper maps, integrate points of interest (PoI) in the generation of game levels, and

utilise georeferenced information from Infoportugal’s database to generate roadmaps and game

layouts.

Regarding RQ1, the objective of designing an AR game with paper maps was successfully

achieved. A multiplayer game based on paper maps was designed and developed using Unity with

AR integration. Users expressed enjoyment of the experience; however, areas for improvement

were identified through the evaluation process.

For RQ2, the best technology to support an AR game with paper maps was determined through

the creation of a game engine. This engine allows for the flexible creation of games on any paper

map, automatically incorporating the PoI of the map, routes, and associated questions. The game

engine provides a foundation for further refinement and expansion of AR games on paper maps.

Regarding RQ3, the integration of PoI in the generation of game levels was addressed in this

application. Through the configuration of a JSON file, the application allows for the playing of any

game by incorporating georeferenced information and dynamically generating gameplay elements.

By utilising the georeferenced information from Infoportugal’s database, the application enhances

the game experience by providing accurate and relevant information about the depicted locations

on the paper maps.
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The evaluation process revealed both positive aspects and areas for improvement. Participants

appreciated the concept of utilising AR technology in an educational context, and the visual design

and concept of the game were generally well-received. However, feedback highlighted the need

for clearer identification of game pawns, better communication features among players, and a more

dynamic and engaging gameplay experience. Suggestions were made to introduce perks or special

actions along the path to each PoI, enhance the AR component, and improve user-friendliness

through informative instructions and feedback throughout the game.

In conclusion, while there are areas for improvement, it is important to acknowledge the ac-

complishment of successfully developing an AR multiplayer gaming application that integrates

with paper maps. This project serves as a significant step toward advancing AR in the tourism in-

dustry and lays the groundwork for future research and development in this field. With continued

effort and iteration, the application can be further enhanced to provide an even more immersive,

educational, and enjoyable tourism experience. The utilisation of georeferenced information from

Infoportugal’s database to generate roadmaps and game layouts enriches the gameplay experience,

providing accurate and relevant information about the depicted locations and fostering a deeper

exploration and understanding of the regions portrayed on the paper maps.

5.2 Future Work

Based on the findings and feedback gathered from the focus groups and evaluation of the AR gam-

ing application, several areas for future improvement and development can be identified. These

recommendations aim to enhance the user experience, promote tourism effectively, and leverage

the potential of AR technology.

• Enhancing User Engagement: One important aspect to consider in future iterations of the

application is to introduce additional interactive elements and features. This could include

incorporating rewards or special actions along the path to each POI to provide a more en-

gaging and rewarding experience for players. The introduction of mystery boxes or similar

surprises between POIs could also add an element of excitement and discovery.

• Improved Communication and Feedback: Participants highlighted the importance of en-

abling communication between players. In future iterations, implementing features such

as stickers or other forms of in-game communication can foster social interaction and col-

laboration. Additionally, providing clearer instructions and feedback throughout the game

interface can help users better understand the rules, concept, and their progress, thereby

enhancing their overall experience.

• Expansion of Content and Realism: Participants suggested increasing the number of POIs

and improving the realism of the map. Adding more diverse and culturally significant POIs

can provide a richer learning experience and encourage further exploration. Additionally,

incorporating more realistic visual elements and details within the application’s interface

and map can enhance immersion and authenticity.
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• Explore the integration of glasses or wearable AR devices into the gameplay experi-
ence. By incorporating such technology, the game can offer a more comfortable and immer-

sive experience for players. The use of glasses could enhance the visuals, provide a wider

field of view, and allow for more seamless interaction with the virtual elements overlaid on

the real-world environment. Exploring how these glasses can be utilised to play the game in

the future opens up new possibilities for enhanced gameplay and user engagement.

• Expansion of the JSON files used for game configuration. Introducing a Procedural Con-

tent Generation (PCG) module to generate JSON files would enable the creation of dynamic

and procedurally generated game content. This module could generate randomised game

elements, such as map layouts, routes, and questions, ensuring that each gameplay session

offers a unique and fresh experience. By incorporating PCG, the game can provide end-

less possibilities and greater replay value, keeping players engaged and excited to explore

different game variations.

By addressing these recommendations in future iterations of the application, it is possible

to further improve its effectiveness in promoting tourism, providing an engaging and educational

experience, and leveraging AR technology to its fullest potential. Continued user testing, feedback

collection, and iterative design processes will play a crucial role in refining and expanding the

application’s capabilities, ensuring its success in the realm of promoting tourism and cultural

exploration. Additionally, future work can focus on leveraging glasses or wearable AR devices to

enhance the comfort and immersive qualities of the game. Also, integrating a Procedural Content

Generation module into the JSON file generation process can introduce dynamic and randomised

game elements, expanding the game’s potential and providing endless gameplay variations. These

advancements have the potential to elevate the gameplay experience and further engage players,

ensuring continued innovation and enjoyment for future users of the AR game engine.
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Appendix A

Concept Document

A.1 Premise (high concept)

The main goal of this game is to promote “points of interest” (PoI) of a known region, while also

promoting its cultural legacy. This application also intends to (explore) AR technology applied to

cartography in the form of a serious game.

A.2 Player motivation

The player wins when he/she “conquers” a predefined number of PoIs before all other players in

the game room. Each PoI is “conquered” by answering correctly to the question proposed on that

point.

The game promotes competition between players, because it rewards the player that correctly

answers the questions before all other players. However, one player is capable of "stealing" a

"conquered" position from another. This feature is the only way to stop/fight back another’s player

development.

A.3 Unique Selling Proposition (USP)

This game is a novel Augmented Reality (AR) mobile game that utilizes cartography of well-

known regions as its base. Additionally, this use of cartography and multiplayer components adds

a layer of complexity and engagement to the game.

A.4 Target market

The target game-playing audience is between 10 and 15 years old.
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A.5 Game Genre

This a competitive game that utilizes turn-based strategy mechanics, with a focus on the niche

genre of board games.

A.6 Target rating

The PEGI 1 rating system is used to determine the appropriateness of a game’s content for players

of a specific age and older. However, it should be noted that the PEGI rating does not take into

account factors such as game difficulty or player enjoyment. Based on the content of this game,

the most appropriate PEGI rating would be:

• PEGI 3 - Suitable for all ages. The game is designed to be appropriate for young children

and does not contain any elements that may be considered frightening. Mild comic violence

is present but does not exceed the level that would be acceptable for children. There is no

bad language or adult themes in the game.

A.7 Target platform and HW requirements

The game is compatible with android mobile devices. To play this game it is necessary the follow-

ing:

• A camera

• Minimum API level: Android 8.0 ’Oreo’ or higher

• Gyroscope

• Internet connection

A.8 Competitive analysis

• Invizimals;

• Pokémon GO;

• Pikmin Bloom;

• Monopoly;

• Risk;
1https://pegi.info/
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A.9 Goals

The goal is to have a functional application that provides a playful and didactic experience to

the target audience. During the game, the application must also have to provide the educational

component of the territory and an appropriate level of interaction with the user.

The game will have a map as a base. This map will dictate the layout of the game board. This

means the user will have a more realistic learning experience about the territory’s geo disposition.

Furthermore, the game will have a set of questions specific to that territory. In order to win the

game, the player must answer “x” number of questions correctly. This ensures that the player

must have a certain degree of knowledge about the territory to win. Since each PoI will have “y”

number of different questions specific to it, the player will have a harder time using their previous

answers, from previous games, to win. This feature reinforces the need to learn about the territory

in order to finish first.
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Game Design Document

This Game Design Document intends to illustrate the reference guide used in the development

process and to clarify and communicate the idea of the solution that was developed. This document

is the follow-up to the Concept Document and was refined throughout the development phase.

B.1 Game World description and design

The region of Montalegre was chosen as the focus of the game due to its rich culture and the

availability of cartography information provided by Infoportugal.

This game is a board game which will have a paper map as its base. The game allows players

to interact with this map using AR technology embedded in their mobile devices, and imports data

of the region to display it in the form of a graph using AR plugins for 3D animations. The PoI

represents the nodes in the graph and the connecting roads are the edges. Each edge has a weight

that represents the number of spaces between one PoI and another.

Players compete against each other by correctly answering a predetermined number of ques-

tions associated with the landmarks before their enemies, in order to win the game. This objective

encourages players to engage with the featured locations (PoI) and learn more about the region’s

cultural heritage and landmarks.

To further enhance the learning experience, each PoI will have multiple unique questions as-

sociated with it, making it more challenging for players to rely on previous answers from previous

games to win. This feature reinforces the importance of actively learning about the region in order

to achieve success in the game.

B.2 GLD – Game Level Design (for each level)

In our game, we have approached the concept of game progression and challenges differently, with

no distinct separation of levels. Instead, we have implemented a versatile game engine that adapts

to the player’s choices and preferences.
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To provide a sense of progression and variety, our game application has the capability to in-

troduce different maps. Although currently, only one map is available in the database, each map

represents a distinct environment or setting, offering a wide range of challenges and opportuni-

ties for exploration. As the game development continues, the intention is to introduce additional

maps, providing players with a diverse selection to choose from. Each map will feature its own

unique board layout, enhancing the gameplay experience. Furthermore, we have designed the

game engine to support various game modes that can be selected for each map.

Once the player makes their selection, the chosen map and game mode become the founda-

tion of their gaming experience. This ensures a consistent and coherent gameplay environment,

allowing players to immerse themselves in the chosen combination of map and game mode.

B.3 Character Abilities and Items - Character Bible

The user will control a player character unrelated to the history of the territory. Each user has an

account with a username which he will use during the game.

Players can move through any edge connected to their current position and when they stop at

a PoI, they must answer one question associated with that landmark within 10 seconds.

If answered correctly, the player conquers that PoI. If that PoI was already conquered by

an enemy, then players can also "steal" other players’ conquered "points of interest", adding a

strategic element to the game. This feature adds a strategic element to the game and encourages

players to remain engaged and actively compete against one another.

Movement is done using "movement units" that players accumulate by rolling a dice before

initiating movement. The result of the roll is added to the player’s existing "movement units" and

determines the number of moves they can make. These "movement units" can be saved and used

in future rounds if not all of them are used in one round.
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B.4 Game Interface

Figure B.1: Welcome Screen

Figure B.2: Sign In Screen
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Figure B.3: Sign Up Screen

Figure B.4: Create/Join game Screen
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Figure B.5: Map & Mode Screen

Figure B.6: Join game Screen
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Figure B.7: Lobby Screen

Figure B.8: Lobby Error Message Screen
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Figure B.9: Player waiting for other players to validate their map

Figure B.10: Your turn Screen
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Figure B.11: Waiting for turn Screen

Figure B.12: Roll Dice Screen
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Figure B.13: Choose Destination Screen

Figure B.14: Destination Chosen Screen
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Figure B.15: After Movement Screen

Figure B.16: Question Screen
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Figure B.17: Correct Answer to a Question Screen

Figure B.18: Incorrect Answer to a Question Screen
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Figure B.19: Conquered PoI Screen

Figure B.20: Error Message Screen
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Figure B.21: Victory Screen

Figure B.22: Defeat Screen

B.5 Game Engine - Technical Design Document

The project was developed using Unity, a popular game engine that offers ease of use and advanced

2D and 3D development capabilities, as well as the ability to import assets and useful plugins from

other applications.

The Vuforia plugin was utilized for the incorporation of AR technology in the game. This

plugin enabled the identification of the map and the instantiation of 3D virtual objects within

the game. Vuforia’s image recognition and tracking capabilities allowed the virtual objects to

be anchored to the specific locations on the map, providing an immersive and interactive AR

experience for the players.
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B.6 Concept Art - Art Style Guide

During the art style development phase, we explored various design approaches. Ultimately, we

decided to embrace Skeuomorphic Design, a style that replicates the visual and interactive char-

acteristics of real-world objects within the game’s interface.

To bring our vision to life, we employed an AI image generator. This powerful tool allowed us

to create diverse and visually captivating backgrounds for the game application. By leveraging the

AI’s capabilities, we were able to generate multiple images that captured the essence of the same

concept, providing a rich and immersive experience for players.

Figure B.23: Main Menu Screen

Figure B.24: Gameplay Screen
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Figure B.25: OverLay Screen

While the A.4 Game Interface does not showcase this particular art style, it was intended as

the desired UI style for the application at the end of this project. However, the final prototype

does not incorporate this design. Nevertheless, this work was created with the intention of being

considered for future development.

B.7 Project Plan

The development of this platform was based on agile methodologies, which emphasizes iterative

and incremental delivery, flexibility, and collaboration between self-organizing cross-functional

teams. This approach allowed for continuous validation and integration of developed features

throughout the development process. Each sprint, which is a short period of time, usually lasts

one to two weeks.

B.8 Resource plan, budget, schedule and milestones

In figure B.26 is represented a Gantt Diagram of the development process of the solution.

Figure B.26: Gantt Diagram

B.9 Test Plan

The game underwent validation by experts from Infoportugal, who actively provided feedback

throughout the development process. Their expertise ensured that the game effectively achieved
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its goal of promoting PoIs and cultural heritage of the region to children, while delivering a fun

and interactive experience.

During the testing phase, the user interface (UI) underwent alterations based on feedback from

individuals who were invited by the testing officer. This feedback-driven approach allowed us to

refine and improve the UI, ensuring its usability and enhancing the overall user experience.

Furthermore, to gather additional insights and opinions, two focus groups consisting of young

adults were assembled to evaluate the final prototype of the application. By involving them in the

evaluation process, we gained valuable perspectives on necessary adjustments that could enhance

the game’s appeal and effectiveness in the future.

The collaborative efforts of Infoportugal experts, feedback from individual testers, and input

from focus groups played a vital role in shaping and refining the game, ultimately ensuring that it

meets its objectives while providing an enjoyable and engaging experience for children.



Appendix C

Global User Feedback for the Focus
Groups

C.1 Focus group 1

Question 1: What aspects of the game did you find most and least enjoyable?

ID Commnets

3 "Tiring to always have your arm raised. There should be a feature to freeze the screen."

2 "A negative point would be the fact that initially the game starts with pawns at points of

interest, but it is not possible to answer any question."

3 Log In UI is too raw.

2 Long In is a negative point.

3 The Log In should start vertically, to ease the Logn In process, and then change to

horizontal only when the game starts."

3 "When someone leaves the game, others cannot advance."

1 "It is not identifiable which characters each players controls."

4 "You can’t see the players’ names by changing the angle of the phone."

3 "The pace of the game is too slow."

4 "The images of the questions are also a negative point. All images should be presented

in 3D."

2 "Very raw interface."

2 "I don’t like the AR component."

Table C.1: Group 1 - Question 1

87



Global User Feedback for the Focus Groups 88

Question 2: Did you notice any elements that seemed out of place or unnecessary?

ID Commnets

3 "Unnecessary to have an account."

2 "Account required, to be able to consult game history, other than that.."

1 "For me no."

4 "No, but the game is missing some things."

Table C.2: Group 1 - Question 2

Question 3: Were there any missing information or features that you expected to
see?

ID Commnets

3 "The game requires a functionality to freeze the screen."

4 "The game could have 3D models of the PoI’s"

2 "The game should have a new feature with only the questions to be answered, like a

separate quizz."

3 "We should be able to point at a PoI and then the pawn would move there."

3 "It is not necessary to be a game."

3 "The game should allow the players to communicate between each other, by stickers for

example."

4 "Start with the empty map, and then see other features while advancing."

3 "The game should have some perks or special actions on the path to each PoI."

2 "Introduce the co-op consept."

Table C.3: Group 1 - Question 3

Question 4: Was it easy to comprehend the game’s rules and concept?

ID Commnets

2 "It was intuitive."

3 "It should have instructions throughout the game’s interfaces. It should give more feed-

back to the user."

2 "It was very difficult to understand which controlled each pawn, so the game was kind

of confusing in the beginning."

1 "Player order was unclear, which was confusing."

Table C.4: Group 1 - Question 4
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Question 5: How would you describe the experience of playing this game in your
own words?

ID Commnets

2 "Interesting idea, but very tiring to be holding the phone that long."

3 "It was not very interesting and it was boring waiting so much time for other players to

play their turn."

2 "The game does not have replay-ability."

1 "You should use the city as the map."

3 "I am not understanding how this could be successful, since the idea is 10 or 20 years

late."

4 "The target audience can not be young adults ince we want more technology advanced

stuff."

3 "If the game had a very good AR component it would be more interesting."

4 "Being a turn-based game is very boring."

3 "Instead, it could have a better exploration component."

Table C.5: Group 1 - Question 5

Question 6: In your opinion, which area requires further improvement to enhance
the final product?

ID Commnets

3 "Invest in 3D modeling."

4 "Improve the 3D modeling. To other people, you should make the game more user

centered, providing more feedback to the user."

2 "I think you should also improve the AR component."

1 "Yes, the AR component as well."

Table C.6: Group 1 - Question 6
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C.2 Focus group 2

Question 1: What aspects of the game did you find most and least enjoyable?

ID Commnets

2 "I could not understand which pawn belonged to each player and the waiting for turn

part does not fit well like that, because it takes a lot of space."

4 "I agree, you should put an arrow on top of the player’s pawn."

1 "The movement of the pawn is very poor, it would be cool if we could see it in a clearer

and more fluid way."

2 "The position of my arm was very bad, I was getting tired."

1 "I also felt like that, I was always switching hands."

3 "The name are almost illegible."

1 "I did not like that the question can only be seen by the player who is answering it."

4 "The dice animation need to be improved."

2 "I agree and the leaderboard must also change according to the players’ points."

1 "The design of the pawns is very ugly, should be improved."

Table C.7: Group 2 - Question 1

Question 2: Did you notice any elements that seemed out of place or unnecessary?

ID Commnets

2 "Yes, waiting for turn should not be there in order to not interfere with the map."

4 "Yes, exactly."

1 "Yeah, I agree."

3 "There are no things out of place besides that."

Table C.8: Group 2 - Question 2
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Question 3: Were there any missing information or features that you expected to
see?

ID Commnets

4 "I do not know how many accumulated moves I have. I need more information regarding

that."

3 "I also think that."

2 "I was confused along the game, I think the game lacks a lot of instructions."

1 "What I have to say is that I required some feedback egarding my accumulated moves."

2 "Yes, the game lacks small feedback everywhere."

3 "A tutorial would be boring and people would skip it, but I would like to have a small

instructions along the several pages and in game."

1 "Yes, that’s true."

4 "Exactly."

2 "«"

1 "Yes, I need to see what the other players are doing."

2 "It would be cool if after each question we could have more information about the PoI."

3 "I would like to have that information as well."

2 "The game should have more itineraries, rather than just straight lines. It should not be

necessary to change direction only if we arrive to another PoI."

4 "The game could have like some perks between the PoIs as well."

1 "Like small mystery boxes."

3 "That is a very good idea!"

2 "I agree."

Table C.9: Group 2 - Question 3

Question 4: Was it easy to comprehend the game’s rules and concept?

ID Commnets

2 "The game was not very explicit, I would like to have more information in-game."

1 "It is not hard, but I got confused quite often."

3 "Same."

4 "Yeah, the lack of information, did not help. I got very confused in the beginning."

Table C.10: Group 2 - Question 4
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Question 5: How would you describe the experience of playing this game in your
own words?

ID Commnets

2 "It was not very intuitive, I got confused some times. With those perks that we talked

about the interactivity between players would be better, just waiting for our turn was so

boring."

4 "It was a bit disappointing, very basic. It need a lot more work."

1 "I did not feel it was user centered game. Very basic the app."

3 "I like it, but it was very basic I agree."

2 "I would only play it again it there was more PoI’s and the map should be more realistic,

for example, if we see a mountain, we need to go around it, not passing directly through

it."

Table C.11: Group 2 - Question 5

Question 6: In your opinion, which area requires further improvement to enhance
the final product?

ID Commnets

1 "AR component and on user experience."

2 "Without a doubt, marketing."

4 "Considering this could be played for children, the UI needs to improve a lot."

3 "Definitely, the AR component."

Table C.12: Group 2 - Question 6
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