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ABSTRACT

Cultural heritage includes all the cultural assets, traditions, and knowledge of a group of
people, collected and inherited over generations. It is up to those in the present to preserve
and transmit their communities’ tangible and intangible assets. With the advancements in
technologies such as augmented reality, systems focused on perpetuating cultural heritage
while providing new levels of accessibility to the public have emerged.

As a way to progress towards improving the region of Trafaria in Portugal and avoiding
its possible gentrification, a gamified augmented reality storytelling platform has been
developed to help preserve and transmit Trafaria’s rich cultural heritage. The platform
revolves around located interactive narratives which users can create and follow while
being rewarded. The objective of this work focuses on the overall expansion of this
platform by exploring features that could draw the attention of users and maintain their
engagement. These features also aim to offer users a fun and effective learning experience
by weaving in some game characteristics into augmented reality activities that incorporate
cultural information. The features are further unified through a mechanism that seeks to
offer a rewarding overlaying storyline.

User studies were conducted to evaluate whether the implemented features fulfilled
their objectives by assessing various usability and experience aspects. The results were
positive and also revealed areas with improvement potential.

The solution tries to ensure the preservation of the cultural legacy of Trafaria but it is
also generalized and can be applied to any other region. It also tries to contribute as a great
educational resource, encouraging its users to seek and discover more information both
within and outside the platform in order to develop knowledge on other communities’

cultures.

Keywords: Cultural Heritage, Augmented Reality, Gamification, Storytelling
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REsumMo

O patriménio cultural inclui todos os bens culturais, tradi¢des e conhecimentos de um
grupo de pessoas que sdo coletados e herdados ao longo de geracdes. Cabe aqueles no
presente preservar e transmitir estes bens tangiveis e intangiveis das suas comunidades.
Com os avangos em tecnologias como realidade aumentada, surgiram sistemas focados
em prepetuar o patriménio cultural, proporcionando novos niveis de acessibilidade ao
publico.

Como forma de progredir no sentido de melhorar a regido da Trafaria em Portugal
e evitar a sua possivel gentrificacdo, foi desenvolvida uma plataforma gamificada de
narrativas e realidade aumentada para ajudar a preservar e transmitir o rico patriménio
cultural da Trafaria. A plataforma gira em torno de narrativas interativas localizadas que os
utilizadores podem criar e seguir enquanto sdo recompensados. O objetivo deste trabalho
centra-se na expansao global desta plataforma, explorando funcionalidades que possam
atrair a atengdo dos utilizadores e manter o seu envolvimento. Estas funcionalidades
visam também proporcionar aos utilizadores uma experiéncia de aprendizagem divertida
e eficaz, integrando algumas caracteristicas de jogo nas atividades de realidade aumentada
que incorporam informagdo cultural. As funcionalidades sdo ainda unificadas através de
um mecanismo que procura oferecer uma histéria sobreposta.

Foram realizados estudos com utilizadores para avaliar se as funcionalidades imple-
mentadas cumpriram os seus objetivos, através da andlise de varios aspetos de usabilidade
e experiéncia. Os resultados foram positivos e também revelaram areas com potencial de
melhoria.

A solugdo procura garantir a preservagdo do legado cultural da Trafaria, mas também é
generalizada e pode ser aplicada a qualquer outra regido. Além disso, tenta contribuir como
um bom recurso educacional, incentivando os utilizadores a procurar e descobrir mais
informagdes tanto dentro como fora da plataforma, a fim de desenvolver conhecimentos

sobre as culturas de outras comunidades.

Palavras-chave: Heranca Cultural, Realidade Aumentada, Gamificagdo, Narrativas



List of Figures

List of Tables

Acronyms

1 Introduction

1.1
1.2
1.3
1.4
1.5

Context . . .. ... ... ... . . ........
Motivation and Problem Definition . . . . . . .
Solution . .. ......... ... . ....
Contributions . . . .. ... ... ........

Document Structure . . . ... ... ... ...

2 Related Work

2.1 Digital Heritage . . . . ... ... ........
2.2 Augmented Reality (AR) . . .. ... .. ... ..
221 Technology . ...............
222 Mobile AR . . ... ... ... ...
22.3 Cultural Heritage AR. . . . .. ... ..
23 3DModelling . ..................
2.3.1 Scanning Techniques . . . . ... .. ..
2.3.2 Heritage Recording . . . . ... ... ..
2.4 Gamification & Storytelling . . ... ... ...
241 Challenge Design . . . ... .......

3 Solution Design

3.1
3.2
3.3

CaseStudy . . . ............ .. ....
Requirements . .. ................
Feature Design. . . . . ... ... ........
3.3.1 ARInteractions . ... ..........

Vi

............... 10
............... 11
............... 12
............... 14
............... 15
............... 17

CONTENTS

viii

x1

W W N R e

O O O U1 G

20

............... 20
............... 21
............... 23
............... 23



332 MissionSystem . . ... ... o
3.4 Technology and Architecture . . . ... ... ... .............

4 Implementation Details
41 ARlInteractions . .. ... .. ... ...
411 Puzzles. .. ... ... . ...
412 Quiz . . .. e e e
413 BalloonPop ... .. .. ... ... ...
414 Geospatial Flyers . . . . .. ... ... .. .. ... ... .. ...
415 Miscellaneous . . . . .. ... ... Lo
42 MissionSystem . .. ... ...
42.1 Mission Graph CreationTool . . . .. ... ... ..........
422 Mission Graph Interpreter . . . . . ... ...............
423 Interface . . . . . . . . . e

5 Evaluation and Results
51 EvaluationMethods . ... .. ... ... .. ... .. ... .. .. ...,
51.1 Protocol . ... ... .. ..
52 Main Usability Tests . . . ... ........................
52.1 Participants Demographic Profile. . . . . .. .. .. ... .. ...
522 Testsand Results Analysis . . . . . ... ...............
53 Tool Usability Tests . . . . ... ... ... ... ... ... .. ......
5.3.1 Participants Demographic Profile. . . . . ... ...........
532 Testsand Results Analysis . . . .. ..................

6 Conclusions and Future Work
6.1 Conclusions . . . . . . . . . e e
6.2 Future Work . . . . . . . . e

Bibliography

Appendices

A Usability Tests Consent Form

B User Experience Questionnaire (UEQ) Results
C Created Flyers

Annexes

I System Usability Scale (SUS)

II User Experience Questionnaire (UEQ)

Vil

30
34

38
38
38
44
47
51
54
57
58
61
62

65
65
65
68
69
70
84
84
85

89
89
90

92

99

100

101

106

107



21
2.2
2.3

24

2.5

2.6

3.1
3.2
3.3
34
3.5
3.6
3.7
3.8
39

4.1
4.2
4.3
44
4.5
4.6
4.7
4.8
49

List OF FIGURES

Types of Augmented Reality Display Technologies-In[33] . . . ... .. ..
AR using SLAM on the left and Occlusion-Aware AR on the right - In [20] .
Mobile computational system from [43] on the left and Google Glass on the

Drone survey - Photogrammetry on the left and LIDAR Laser Scanner on the
right-ImageSource . . . ... ... ... .. ... ... ... . ... ...
General overview of a data fusion pipeline using Structure from Motion (SfM)
technique-In[50] . . . . . ... ... ..
Organic mission graph layout on the left and Mission adaptation rules on the
right-In[16] . . . ... ... .

Base platform’s Entity Relationship Diagram . . . ... ... .........
AR Jigsaw Puzzle Design Drawing . . . .. .. ... ... . ... ... ....
AR Sliding Puzzle Design Drawing . . . . . .. ... ... ... ........
AR Quiz Design Preview . . . . ... ... ... ... ... ... ... ...
AR Balloon Pop Design Drawing . . . . ... ..................
First Iteration of Flyers’ Cover and Interior Design . . . . ... ... ... ..
Pokemon GO Missions Interface Components . . . . . ... ... .......
3D View of Trafaria inside Unity’s Editor . . . ... ... ... ........
High-level Representation of the System’s Architecture . . . .. ... .. ..

AR Jigsaw Puzzle Interaction . . .. ... ... ... ... ... .. ...
AR Sliding Puzzle Interaction and Final Reward . . . ... ... ... .. ..
AR Quiz Interaction - distant view . . . . . .. ... ...
AR Balloon Pop Interaction . . . ... . ... ... ... ... .......
3D flyer model created, animated, and UV mapped using Blender . . . . . .
AR Geospatial Flyers Interaction . . . ... ... .. ... ...........
Information and Instructions Foldouts - Puzzle / Quiz / Balloon Pop . . . .
Tasks Manager Interface . . . . ... ..... ... ... ... .....

Task Creation Interface - filled out with an exampletask . . . . ... ... ..

viii

10

13

15

19

21
25
25
26
28
29
33
36
37

42
43
47
51
52
55
56
58
60


https://wingtra.com/drone-photogrammetry-vs-lidar/

4.10 Reward Creation Interface - filled out with an example reward . . . . . . . .

4.11 Mission Graph Creation Interface - filled out with an example questline

4.12 Missions Interface Pages . . ..

51
52
53
54
5.6

Participants” Demographic Profile Graphs-Main . . . . . .. ... ... ...

AR Interactions Preference . . .

SUS Questionnaire Scores . . .

User Experience Questionnaire Benchmark . . . ... ... ... .. ... ..

SUS Questionnaire Scores - Tool

1X

60
61
64

69
80
83
84
88



List oF TABLES

4.1 Puzzle pieces’ UV coordinates positioning . . . . . .. .. ... ..... ... 40
5.1 Section S1 Questionnaire Results . . . . . .. ... ... ... .. ....... 71
5.2 Section S2 Questionnaire Results . . . . . .. ... ... ... ... .. ... 73
5.3 Section S3 Questionnaire Results . . . . . . .. . ... ... ... ... ... . 75
5.4 Section S4 Questionnaire Results . . . . ... ... ... ... ... ...... 77
5.5 Section S5 Questionnaire Results . . . . . . ... ... ... ... ... ... . 78
5.6 Section S6 Questionnaire Results . . . . . .. .. ... ... ... ... ... 80
5.7 Section S7 Questionnaire Results . . . . . . ... ... ... ... ... ... . 81
5.8 Main SUS Questionnaire Answers - Shortened Affirmations . ... ... .. 82
5.9 User Experience Questionnaire ScalesResults . . . . . ... ... ... .... 83
5.10 Participants” Demographic Profile Tables-Tool . . . . . ... ... ... ... 84
5.11 Tool SUS Questionnaire Answers - Shortened Affirmations . . . .. ... .. 88



ACRONYMS

API  application programming interface (pp. 35-37, 53)

AR augmented reality (pp. 2, 6-11, 22-24, 26, 27, 29, 30, 35, 36, 38, 4447, 51, 65, 67-69, 71,
79,82, 91)

GUI  Graphical User Interface (pp. 31, 35)

IAT  Trafaria Institute of Art and Technology (pp. 1, 20)

POI  point of interest (pp. 20, 21, 23, 27-29, 51-53)

SDK software development kit (pp. 7, 8)

URP Universal Render Pipeline (p. 24)

xi



1

INTRODUCTION

This chapter clarifies the context in which this work is embedded, the motivation and the
problem that underlie it, and concludes with a brief presentation of the solution and its

expected contributions.

1.1 Context

This work is linked with an initiative led by T-Factor!, a European project that aims to
inspire innovative approaches to urban regeneration while encouraging co-creation and
avoiding potential gentrification. One of their programs intends to grow the Trafaria
neighborhood into a cultural hub. This includes the conversion of the Fort Nossa Senhora
da Satide da Trafaria into the Trafaria Institute of Art and Technology (IAT)?.

In collaboration with NOVA University®, as a way to progress towards improving
Trafaria as a place, a augmented reality storytelling platform has been created to help
preserve Trafaria’s cultural heritage. The platform currently offers users the possibility
to create and follow point-by-point on-site narratives, providing a range of interaction
types. This work focused on the overall improvement and expansion of this platform by
exploring various other possible forms of interaction and, most importantly, finding a way

to globally attach narratives making them resemble a cohesive storyline.

1.2 Motivation and Problem Definition

By cultural heritage, we denote the passing on of a non-natural asset to future generations,
whether it is tangible such as monuments, or intangible such as traditions. Therefore, it is
up to those in the present to preserve and transmit their communities” culture so it is not
lost. We are all forced heirs of the culture that is presented to us, whether it is incorporated
by the community where we were born or it is later recognized or even adopted, from
other adventitious communities. However, culture evolves, making it inevitable that part

IT-Factor website
2More about the Institute of Art and Technology
3NOVA University website


https://www.t-factor.eu/
https://www.unl.pt/nova/instituto-de-arte-e-tecnologia
https://www.unl.pt/
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of these assets are lost over time, causing the necessity to use technological means to
document or regenerate them.

With the transformation of Trafaria’s neighborhood into a cultural hub, some problems
might arise. The location could start to attract investors and higher income residents
causing a noticeable demographic change, commonly labeled as gentrification. Although
gentrification can lower the exposure to poverty for all residents by creating a mixed
income neighborhood [11], it can also severely reduce the quality of life experienced
by previous residents [12]. To avoid gentrification, it is important to increase local
participation and collaboration with the present community during the transformation as
well as subsequently guarantee improvement of their access to resources and opportunities
[54].

As new assets start to emerge and the community evolves, it is inevitable that its
culture suffers changes and some of its heritage might even be lost forever. This gives
rise to the opportunity of creating a platform that can manage the documentation and
exposure of a communities” cultural heritage and stories while encouraging their own

cooperation so others can experience the communities” background.

1.3 Solution

The main objective of this work was to ensure the preservation of the cultural heritage of
Trafaria, as well as to serve as an excellent educational resource by inspiring its users to
seek out and discover more information both inside and outside the platform in order to
gain knowledge about the cultures of other communities. With this in mind, mechanisms

to increase users’ interest and the platform’s compelling nature were implemented.

This work started by including new patterns of interaction that made use of augmented
reality (AR) and gamification in order to keep users motivated and engaged with the
platform. Some of these were also made to be customizable and easy to incorporate
into a user’s narrative while still providing an interesting experience for the user who is
interacting with them. Puzzles, quizzes, and mini-games were the base examples used
for the types of patterns that were added, as they are simple to generate when creating
a narrative while also allowing the introduction of cultural information into them, with
puzzles only requiring images and quizzes only requiring text prompts.

Another overcomed challenge involved finding a way to globally attach these in-
teractions as if they were part of a whole overlaying storyline. This was achieved by
implementing a mission system based on graphs that also used content unlocking pat-
terns to increase user motivation. Each node of the graphs represents a mission, which
contains various tasks related to the aforementioned interactions and rewards the users

upon completing them. In order to create these graphs, a built-in tool was also developed.

2



1.4. CONTRIBUTIONS

Finally, the mission system and interactions that have the possibility of being difficulty

scaled use methods to try and adapt to the users’ abilities as a means to further increase

their satisfaction. Some other minor work was also done, including the usability testing

of all implemented features.

1.4

Contributions

The solution developed considering the aforementioned problem produced the following

contributions:

1.5

Cultural Heritage Preservation Platform - Advancement on a platform that al-
lows users to create and follow interactive narratives concerning the community
and heritage of Trafaria and possibly other locations. Idealizing the preservation,
maintenance, and documentation of cultural heritage while taking advantage of

technological advances.

Gamified Storytelling with Augmented Reality - Exploration of augmented reality
appliances in storytelling and ways to unify user’s narratives, by adding game like
features, as a way to improve the experience of following these narratives, giving

the feel of a cohesive storyline.

Heritage Digitalization - Research and usage of data capture and 3D modelling
methodologies, contributing to the documentation of heritage through the creation
of its digital representation.

Mission System Tool for Unity - Development of a built-in Unity tool that allows
users to easily incorporate missions into their games by using various interfaces and

writing minimal code.

Result Analysis - The analysis of all the evaluations and tests carried out during and
after the development of the platform will be useful for future projects that intend
to take advantage of the same ideas and technologies.

Document Structure

The structure of this document is composed of the following six chapters:

Chapter 1 - The first chapter presents the context of this work, the problem and

motivation behind it, and a summary of the solution along its possible contributions.

Chapter 2 - The second chapter contains a study overview of the state of the art,
technologies and useful case studies required for the development of this work.
These include augmented reality, especially on mobile devices, 3D modelling and
the creation of games and stories, all while considering their possible connection
with cultural heritage preservation.
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¢ Chapter 3 - The third chapter gives a brief overview of the case study, followed by
the requirements of the solution. It then goes on to breakdown the design of features
that were going to fulfill the requirements and ends with a description of the used

technologies and the system’s architecture.

¢ Chapter 4 - The fourth chapter proceeds to explain in detail the implementation
process of the various features described in the previous chapter.

¢ Chapter 5 - The fifth chapter starts by describing the evaluation methods used, along
with some studies that helped to shape them. After that, the results of the usability
tests performed are presented, followed by their analysis and discussion.

¢ Chapter 6 - The sixth chapter reflects on the developed work during this dissertation

and finalizes by summarizing some future investigations that may arise from it.



2

RELATED WORK

This chapter contains a study overview of the state of the art, technologies and useful
case studies required for the development of this work. These include augmented reality,
especially on mobile devices, 3D modelling and the creation of games and stories, all

while considering their possible connection with cultural heritage preservation.

2.1 Digital Heritage

Cultural heritage includes all the cultural assets, traditions, and knowledge of a group
of people, collected and inherited over generations. This can include physical, and
therefore tangible, objects and artifacts, such as historic buildings, monuments, and works
of art, as well as intangible cultural expressions, such as traditional music, dance, and
stories. Cultural heritage can provide a sense of identity, continuity, and belonging for
the concerned communities and is therefore considered to be very valuable for a country.
However, sites all over the world are facing some sort of deterioration in the interest of
aggressive urban expansion and sometimes even just broad neglect. Nonetheless, there
are various ways to protect and conserve cultural heritage, starting with national and
international laws, dedicated programs, and educational initiatives.

UNESCO! carries a key dedicated program, denominated the World Heritage Site Pro-
gram, which was established in 1972 and is an international initiative that seeks to identify
and help protect cultural and natural heritage sites, preserving them for future generations.
The program starts by designating and voting on sites based on their universal value and
significance, such as their technological innovation or scientific interest, historical events
or purely their exceptional beauty. Once a site is considered worthy, it joins the over 1100
other world heritage sites scattered around 167 countries and becomes qualified to receive

technical and financial support when required.

With the great advancements in 3D documentation technologies, from electronic survey-

ing instruments to laser scanners, photogrammetric cameras, and even CAD modellers,

1United Nations Educational, Scientific and Cultural Organization website
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there has been an increasing amount of heritage data brought into the digital world, devel-
oping the notion of digital heritage. Some of these 3D technologies are further described
in section 2.3.

The concept of digital heritage is recognized by UNESCO!, which defines it as any
digital material of human knowledge or expression deemed significant enough to be
passed on to future generations. This includes content created directly on, or converted
to, a digital platform [56].

Some might not find the idea of digitizing, documenting, and possibly reconstructing
some tangible assets all that appealing, because, in their opinion, although these pro-
cedures help preserve and immortalize these assets, they also completely destroy the
uniqueness aura and essence of the original. Others argue that this is not a concern since
even the most flawless duplicate would never have the traces of existence, in time and
space, of the original, since the first can only be revealed chemically or physically and the
second can be traced from previous ownership [32].

2.2 Augmented Reality (AR)

AR technology aims to improve people’s perceptions and experiences of the real world by
overlaying digital information on top of the physical environment. Unlike virtual reality
(VR), which completely emerges people in a computer generated digital environment, AR
allows for simultaneous interaction with both digital and physical elements in real-time,
providing innovative ways to access information. The digital content is usually aligned
with the physical world in such a way that it appears to be a natural part of the environment
[3].

AR can be experienced in 3 different groups of ways, either over a device which
provides a display and a camera, over a head mounted optical or video see-through
display or over light projection into the real environment, these methods can be better
seen in (fig 2.1). D. van Krevelen and R. Poelman in [26], present exhaustive research on
several methods for producing AR and existing devices for experiencing AR, including
early-stage prototype approaches. They also state their individual limitations and possible

applications.

221 Technology

There are several types of approaches to generate AR experiences and, although there
does not exist a concrete definition on those types, they are most commonly divided in

two categories: marker-based AR and markerless AR.

Marker-based AR: This form of AR, sometimes also referred to as image recognition AR,
instantiates the AR experience based on the location of specific detected markers, such
as images, QR codes, or 3D objects. The AR device, which needs to be equipped with a

6



2.2. AUGMENTED REALITY (AR)

camera, searches for and captures the position and orientation of an expected marker and,

after snatching that information, displays the digital content around it, as planned.

Markerless AR: This form of AR does not require markers to instantiate the AR experi-
ence. It instead uses sensors, such as the accelerometer, GPS?, or gyroscope to determine
the position and orientation of the AR device, making it able to correctly place the AR
content in the environment. A combination of the information from location and mapping,
denominated (SLAM)? [27] is a commonly used algorithm, which is widely adopted by
most AR software development kit (SDK)s.

Types of Augmented
Reality Display

[ | \
i
Video-based Head-mounted Sensory Display -~ \
of Virtua Sene L
l - d

Spatial Display
it = S
D

X
Qe i oo —

Head-attached —

W =
{ i
< i
3 'i- Smartphone AR i Optical See- Optical Combiner
= m Through

Free Space WaveGuide

Combiner Combiner
. . " Pupil Duplication L Diffractive Achromatic
Geometric Design Maxwellian-type PGl Pin Light Systems WaveGuide WaveGuide

Figure 2.1: Types of Augmented Reality Display Technologies - In [33]

Predominant sub types of these forms of AR include:

Projection-based AR which, like implied by the name, projects the digital content onto
a physical surface of the environment [37]. It can also provide a interactive experience,
by detecting necessary user information, using the aforementioned SLAM? algorithm [27];

Location-based AR which, by gathering information of the real world position and
orientation of both the digital content and the AR device, is able to correctly trigger the
AR experience when these two come within a defined range. One of the most popular

examples of location-based AR is the Pokemon GO* mobile game;

Superimposition AR, also referred to as overlay AR, which is able to modify the view of
an existent physical object. Both the environment and non augmented object detection is

essential to create this experience. It is most commonly used to allow the review of different

2Global Positioning System
3Simultaneous Localization and Mapping
4Pokemon GO website
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colours of a certain product, as well as, to visualize their placement in the environment. It

can also be used to digitally visualize a AR completion of a ruined monument, for example;

Contour-based AR, also referred to as outlining AR, which identifies and highlights
the silhouette of objects and scenery that wouldn’t usually be recognized by the human
eye. It is most regularly used to assist in safe driving in low-visibility situations, conse-

quently needing to resort to the use of special cameras.

More advanced designs of these forms of AR are also capable of capturing informa-
tion about the surrounding environment, allowing them to better align the digital content
within it. This includes the detection of vertical and horizontal surfaces, as well as the
position and orientation of physical objects and their relative depth to the AR device. This
information enables the possible placement of content with higher accuracy on the three
dimensional axes, even partially behind physical objects as can be seen in (fig. 2.2). It
is also possible to capture the light levels around the environment and generate realistic
shadowing on the digital overlaid content [14].

Figure 2.2: AR using SLAM on the left and Occlusion-Aware AR on the right - In [20]

J. Cheng et al. [10] developed an AR system with the intention of comparing marker-
based AR with markerless AR, from both a technological and system developer perspec-
tives. They concluded that:

Atthe time, AR SDKs had higher support for marker-based AR, thus being less complex
to produce this type of AR experiences, over markerless AR;

The positional accuracy of content placement was relatively higher on marker-based
AR. The most influential factor for the accuracy of marker-based AR was the lighting
conditions of the environment, whereas the accuracy of markerless AR could be improved
by incorporating more precise location technologies, such as RFID®, Wi-Fi®, or UWB’;

The stability of already-placed content was relatively higher on markerless AR. The
most influential factor was, surprisingly, not the complexity of the AR content. On marker-
based AR, it was the overall quality of the marker and SDK used, while on markerless AR,

5Radio Frequency Identification
*Wireless Fidelity
7Ultra Wideband
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it was the location technology and gyroscopes of the device;

Marker-based AR is generally supported on desktops and mobile devices, while
markerless AR is only supported on mobile devices. This is due to the lack of the

necessary sensors on a desktop computer.

2.2.2 Mobile AR

As mentioned in the previous subsection, mobile devices have some advantages over static
devices when it comes to perceiving an AR experience. They offer the possibility to freely
move around the environment, and nowadays, when compared to desktop computers,
they are also more likely to have the necessary sensors needed to execute markerless AR
experiences.

Early attempts at developing mobile AR systems include examples such as, the location-
based mobile AR application by G. Reitmay et al. in [43] and the AR mobile computational
system by V. Vlahakis et al. in [57]. Although the development of these systems was
considered successful, the hardware limitations were most commonly noted as the major
target for possible future improvements.

The majority of these mobile AR systems were bulky, as they were composed of a
large backpack with the PC, sensors, displays, batteries, and other essential equipment
within it, as seen in (fig. 2.3). Likewise, due to their poor brightness, contrast, resolution,
and field of view, optical and video see-through displays were typically inappropriate for
outdoor use [26]. However, in order to solve this second problem, companies have started
using and testing laser-powered displays, providing a new dimension in head-mounted
and hand-held AR devices®.

Furthermore, recent advances in mobile technology, such as those found in smart-
phones, are closing the gap in facilitating mobile AR development. Most smartphones
come equipped with cameras, accelerometers, gyroscopes, GPS and other crucial sensors
for a more advanced AR experience. There are also a wider variety of more capable
smartphone devices, mostly because of the rise of the mobile gaming industry [58], that
provide impressive computational power and connectivity to wireless networks, which is
also beneficial for mobile AR progression.

Even though smartphones seem like the perfect subject to implement mobile AR
experiences on, they also introduce some drawbacks. The majority of these devices offer
a relatively small display and lack the battery capacity to provide a proper immersive AR
experience. It is also a complex problem in and of itself to develop the AR user interfaces
for these cramped display devices. There are other technologies, such as Google Glass’,
seen in (fig. 2.3), which can be used separately or in conjunction with these devices to

increase immersiveness and get around their disadvantages.

8MicroVision’s augmented reality lazer powered microdisplay technology
9More about Google Glass
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Figure 2.3: Mobile computational system from [43] on the left and Google Glass on the
right

2.2.3 Cultural Heritage AR

There are numerous systems that implement different AR types and experiences across a
wide range of possible applications. Their technology can be used in a variety of situations,
such as education, gaming, e-commerce, tourism, and industrial settings. In e-commerce,
it can be used to preview product placement or color before buying it, while in an indus-
trial setting, it can be used to help assembly workers know precisely what pieces go where.
This work focuses specifically on mobile AR systems associated with cultural heritage

preservation, including education, gaming, and tourism.

There is an ample amount of research on the use of mobile AR systems in a cultural
heritage setting. AR systems are key to increasing interest and capturing people’s atten-
tion to interact with an application that is trying to provide an immersive experience for
them to gain knowledge of other cultures” architecture, art, and customs.

V. Vlahakis et al. [57] give an overview of the ArchoGuide project, which involved
rebuilding an Olympian Greece cultural heritage site. This project was a very early but
successful attempt at using mobile computation systems in AR experiences related to
the preservation of cultural heritage. It allowed visitors to explore and learn more about
both the old structures and customs of the subject in question. They wore a see-through
head-mounted display which overlaid the digital content while also carrying a computer
to handle the necessary calculations. Although, at the time, the system was highly
appreciated among the visitors, for offering a distinctive way to view the sites, by today’s
standards, this type of system is very hefty and cumbersome.

Z. Noh et al. [36] also conducted a relatively early study on the usage of AR in
this scenario, developing a virtual heritage system. However, their main complication

stemmed from poor registration and tracking technology, which required them to rely on
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a great amount of markers in order to achieve acceptable alignment.

G. Lee et al. [28] developed a outdoor AR application called CityViewAR. The
innovative function of the application, when compared to the aforementioned, was the
ability to view 3D models of the buildings in AR, which were presented on a map together
with their descriptions and relative images.

Keeping within the context of superimposing wrecked buildings using AR, C. Panou
etal. [39, 40], present a location-based mobile AR system most similar to the one this work
will focus on expanding. The system aims to enhance its users” experiences of interaction
with cultural heritage sites, having as a case study, the historical part of Chania in Greece.
The system works by having experts create points of interest on a map and placing AR
scenes, additional information, and tasks on each one. Users can then access these geo-
located points of interest in the real world and interact with the AR content. Gamification
techniques were also used, with users earning points and climbing leaderboards for
completing specific tasks, such as determining the historical period of monuments based
on architectural features and other obtained clues.

They conclude by implying that interest in cultural heritage would increase if the
platform were expanded to incorporate more interaction between the users, such as
comments, likes, shares, and other forms of extra communication. They also add that
increasing the gamification level would make an experience even more immersive and
boost visitor involvement and engagement. This could be done by adding features like
treasure hunts, scavenger hunts, location-aware storytelling, etc.

2.3 3D Modelling

The various existent techniques used to create 3D models [49], can be grouped into three
main methods:

The first method consists of using 3D modelling software such as various Autodesk
programs!®, Blender!! or SketchUp!2. This method is generally used to create models
from scratch and requires a certain amount of knowledge and practise in modelling tech-
niques and concepts. Even though some offer simplified aspects to make it easier for a
common self taught user and others offer full courses on the entire functionality of the

software, this is still considered a very time-consuming and professionalized method.

The second method consists of capturing real-world objects or scenes and extracting
their shape and details to create their respective digital 3D model. This can be done with
techniques such as light scanning, laser scanning, contact scanning or photogrammetry.
These techniques have recently started becoming more easily available to the public and

10 Autodesk website
11Blender website
12GketchUp website
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are a very useful tool. Depending on the models in question it can be way faster to produce
content and does not need anywhere near the level of knowledge and experience required
on the first method. The only drawback is the potentially reduced quality and amount of
detail of the produced model which also depends on the technique used and its level of

development.

The third method consists of using procedural techniques by applying algorithms and
mathematical equations to create certain models, rather than doing them manually. This
allows for the efficient generation of both simple and complex models, such as randomized
structures or natural landscapes. Due to the increasingly growing demand for 3D content,
and it not being satisfied by current methods, studies and implementations on how this

can be achieved using Al technologies have emerged [4].

2.3.1 Scanning Techniques

Focusing on the second aforementioned method, 3D scanning techniques essentially
gather the necessary information relative to a object or scenery, possibly including its
surroundings, and are able to generate their digital copy into a 3D model file which can
then be visualized, further modelled upon and 3D printed. For all 3D scanning techniques
there is a common element. Hundreds of captures of the test subject must be taken
from different views. These captures are then integrated in a reference alignment system,
in order to obtain numerous meaningful projections, which are subsequently banded
together to create the final digital model.

There are several criteria according to which 3D scanners can be categorised. By
construction type, they can be divided into mobile or stationary, and by scanning method,
they can be divided into laser, optical, ultrasound, x-ray, mechanical or destructive. Mobile
scanners are commonly non-contact, meaning they do not physically touch the test subject,
and though they are usually propped-up to stay anchored, they can also be hand-held.
Their main advantage is that they can be easily brought to immovable objects. Stationary
scanners, on the other hand, can resort to contact and are commonly larger and even
though some can be dismantled and moved, the assembly can take a considerable amount
of time [55]. Various scanners, usually mobile, can be grouped in order to create a large
structure able to capture objects faster and with less hassle, such as 3D full-body scanners,

which can, as an example, be used to create 3D avatars or figurines of a person'®.

Laser based 3D scanners can be divided into two categories, those that use trigono-
metric triangulation and those that use time-of-flight (length of time the laser takes to
reach an object and reflect back), the latter can be seen in (fig. 2.4). Triangulation scanners
are quite common, therefore they are usually easy to use and have a comparatively low
cost. They work by projecting multiple laser lines onto an object and capturing their

13Example of a 3D full-body scanner by: 3DFascination
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reflection angles. Being generally better in irregular light scenarios and dealing with both
dark and shiny surfaces. Time-of-flight scanners are commonly used for longer ranged
scans being able to scan millions of points at a time. They work as described above, by
measuring the time it takes for a certain laser line to reflect back to the scanner. There
are pulse-based and phase-shift based time-of-flight scanner technologies. The first one
being more suitable for very long range scenarios of more than one kilometer and the
second one being more suitable for comparatively medium range scenarios of around

three hundred meters.

Optical based 3D scanners have two prevalent techniques, projection of light and pho-
togrammetry, the latter can be seen in (fig. 2.4). Projected light is a technique that works
very similarly to trigonometric triangulation scanners, as the scanner projects light pat-
terns into the object and then captures the deformities on said patterns. Scanners that use
this technique are most commonly portable, fast and accurate and can be used to safely
scan a living being with eyes, unlike laser based scanners. Photogrammetry is a technique
that involves taking various overlapping photographs or a video sequence of an object,
from multiple different angles, and creating the respective digital model by stitching up
all imagery together based on coinciding pixels that represent the same physical position.
Although in this technique the collection of data is faster, it takes a considerable time to

process it and the end result’s quality is heavily based on the capture resolution.

Contact based 3D scanners are composed of an articulated arm that runs a probe through
the surface of an object, sampling enough points to accurately recreate the model in digital
form. Since this technique involves physical contact with the object, which needs to be held
in place, it isn’t the most appropriate for fragile subjects. In return it is able to precisely
scan reflective and transparent objects, in contrast to the other scanner types mentioned
above.

Figure 2.4: Drone survey - Photogrammetry on the left and LIDAR Laser Scanner on the
right - Image Source
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2.3.2 Heritage Recording

3D scanning techniques currently have a wide variety of applications, with ones prevailing
over others in certain fields. These techniques can be used in medicine, to reconstruct or
visualize parts of a human body, or in engineering, to run digital simulations with the
scanned objects or to reverse engineer them. This work focuses on their usage for cultural

heritage preservation.

There are numerous studies on the usage and respective appraisal of different 3D scanning
techniques for land surveying and digitalization of cultural and historic monuments, sites
and art pieces, even their reconstruction and possible creation of replicas.

M. Levoy et al. [29] introduced a system based on laser triangulation scanners for
digitizing the shape and colour of large statues, having some of Michelangelo’s work as
case study. They explain the approaches to handling the extensive data sets of such
detailed scans from the large statues and also on how to align and deal with the laser light
scattering in the marble. They were able to capture all the minute details of the individual
carvings and went as far as being able to speculate which specific chisel tools were used.
The main defined problems, such as the overall cost, time spent scanning and protection
of the statues, all derived from the scanning having to be done on field, as the statues
were in public exhibition, fragile and very valuable.

Continuing with Michelangelo’s statues as case study, A. Hattab et al. [19] show
the purpose of using their novel method of differential 3D scanning by completing an
unfinished statue masterpiece. Basically, this method simplifies reverse engineering
problems and also allows to automatically update and segment a digital model based
on real-time physical changes. This makes it so one can fluently alternate work subject
between the virtual and physical models.

S. Singh et al. [52] used close-range photogrammetry, which is one of the most preva-
lent variants, to create a large scale city 3D model. A video sequence of all buildings was
taken and subsequently, the physical position of the camera was added as information on
some frames. They concluded that this technique proved to be fairly accurate, produced
photorealistic content and was rather simple and cost-effective. The only pointed downside
was the equipment requirement, as the final result highly depended on the resolution of
the camera and the accuracy of measurements for its position, also the computer where

the data was processed required some computational capability.

There are also studies on the combined use of techniques to achieve the best possible and
complete results.

M. Rahrig and A. Luib [42] present a study on how this combination was achieved
during the documentation of the Temple of the Sacred Tooth in Sri Lanka. A terrestrial 3D
scanner, controlled by a computer, was used to capture the majority of the temple while

the color information was being captured by a camera on top of the scanner. Additionally,
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areas and objects of increased detail were captured by a hand-held structured light scanner.
All gathered scans were then registered and merged using more than one specialized
softwares. Other studies on different combinations of techniques [44, 50] show that this is
a viable concept that reaps positive results, as it is possible to merge information gathered

by distinct scanner types. One example can be seen in (fig. 2.5).
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Figure 2.5: General overview of a data fusion pipeline using Structure from Motion (SfM)
technique - In [50]
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2.4 Gamification & Storytelling

Gamification is essentially the integration of game mechanics and aesthetics into applica-
tions that are not games by their nature. As video games gain significant market traction
and expand from simple forms of entertainment to tools for education and training, this
technique has gained increasingly more attention from academics [6]. The main goal
of this technique is to offer users of gamified applications a fun and interactive way to
accomplish the desired goals while also maintaining their engagement, motivation and
satisfaction.

Acording to Deterding et al. [13], an application which uses gamification techniques is
not to be confused with a serious game. While gamification simply refers to the integration
of game-like aspects into systems that are not intended to be games, serious games are
true games whose entertainment is not the primary goal.

The most common game design elements that are usually targeted to be added to
an application are point systems with leaderboards, awards such as prizes, badges and
achievements, and challenges that must be completed in order to gain these points and
awards. Koivisto and Hamari [25] conducted a study on the individual effectiveness of
these aspects of gamification on both psychological and behavioral levels. While obtaining
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largely positive results, they also confirm that the aforementioned game elements are
in fact the most common when gamifying an application. It is also specified that these
results should not be considered universally, since they do not cover all possible contexts
where gamification can be implemented. However, they continue to offer crucial guidance
for choosing game design options. Examples of gamification integration in education [5]
and tourism [34] show that, in these contexts, this technique is highly effective, having a

positive outcome on increasing users engagement and overall results.

Storytelling is the act of creating and sharing a narrative or story with an audience,
whether it be through oral or written traditions, or other forms of communication such
as film, theater, or video games. The National Storytelling Network!# is an organization
that spreads the word about the importance of storytelling and the connection it brings
to communities. They summarize five descriptive aspects of storytelling in one phrase:
"Storytelling is the interactive art of using words and actions to reveal the elements and images of

a story while encouraging the listener’s imagination”.

What defines a compelling story is quite arbitrary, thus existing several different mod-
els and sets of elements claiming to be the basis for storytelling. For example, N. Kashyap
[23] describes the 3C’s model, suggesting that character, conflict, and conclusion are the
three main characteristics of an enticing story. Good characters are able to create emo-
tional bindings with the reader and are a good central point for a story. They can either be
protagonists, meaning everything revolves around them, antagonists, meaning they are
between the protagonists and its goals, or extras, meaning they support the protagonist
in some way. Conflict is what keeps the reader engaged and can also contain sudden
surprises that radically shift the story. Finally, the conclusion is where the reader gets to

discover if the protagonist was able to overcome the conflict or not.

Visual storytelling is an early-stage concept derived from the increase in interest in
training artificial intelligence to interpret the semantics of visual scenes and describe
them. J. Hu et al. [21] propose an innovative approach in this regard, obtaining stories
that somewhat depict objects and context, based on a series of images. Although their
experience gets impressive results and outperforms other previous attempts, it is still a
work in progress. There also exist other artificial intelligence studies on story generation

based on tables and text prompts.

Digital storytelling is the art of delivering stories using a variety of digital multime-
dia, such as text, photos, audio, and video. B. Robin [46] explains in more detail the
characteristics of digital stories and what distinguishes them from ordinary multimedia
content. He also presents the results of studies that implemented this technique in various

contexts, from assorted levels of education to tourism and health science. Focusing on

14National Storytelling Network website
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museums [59] and other non-profit community organizations, the integration of digital
stories proved to be effective when engaging with the audience and capturing their atten-

tion.

Interactive storytelling, usually derived from its digital form, gives the reader the ability
to intervene in the story and make meaningful decisions that impact its route and final
outcome. Although the reader’s decisions have great influence on the story, it will always
be limited by the number of alternative paths it can take, due to the fact that they have
to be usually written by an author [45]. The introduction of interactable characters to
drive a story is one method of unrolling the narrative to the reader. Since they serve
as the interface between the application and the reader, they often, besides providing
story details, are a great way to give the reader the ability to interact with the story and
make decisions on taking certain paths [30]. A. Katifori et al. [24] give an overview of
the difficulties and challenges of applying interactive stories in a cultural heritage setting.
Their main goal was to facilitate synergy between authors and mobile applications, which
had the intent of implementing this technique. In doing so, they provide guidelines to
overcome both design and authoring challenges.

Combining gamification with storytelling seems appropriate. As their integration in a
application share the same objective, they will most likely end up augmenting one another.
However, achieving this combination successfully isn’t all that easy [18]. V. Ceséario [9]
provides research on guidelines for combining these techniques, having as case study
museum trips experienced by teenagers.

C. Ibarra-Herrera et al. [22] give an example of how gamification and storytelling
can be paired with educational intentions. They developed an application, to aid biology
classes, that had several levels of challenges for students to complete, while applying
storytelling when giving information about a subject. Following motivation tests, it was
determined that students became more engaged in the topic, increasing their participation
and overall learning. It is also mentioned that future improvements of the application
would include AR elements, as they are very attractive and thus encourage students to
interact more with the application. Other studies [38, 51] help support the successful
results of using both these techniques together in an educational setting.

2.4.1 Challenge Design

As mentioned above, in gamification, point systems with leaderboards and awards like
prizes, badges, and achievements are the most common game design elements that are
incorporated into an application. However, in order to gain these points and awards,
there first needs to exist some sort of challenges for the user to complete. The current
platform allows for certified users to create narratives and itineraries for other users to

follow, meaning that new locations and possible interactions are always emerging. This
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gives rise to the necessity of implementing a challenge generation system, which is able to
model itself around the narratives the user decides to follow and not being predetermined

based on the existing ones.

J. Dormans [15] presents a study where generative graph grammars are used to
create mission sequences. The simplest mission would be composed of a start, a group
of challenges, and an end. A directed graph is a simple way to express this structure.
Each node of the graph could potentially carry a different challenge. This could include
enemies, treasures, tasks, or puzzles. Different missions, with parallel paths and rewards,
can be generated by implementing various transformation rules within the grammar. This
structure offers a highly controllable and expandable mission generation system, as the
number of interactions is modified by the set of grammar rules and other graphs can be

joined in a mission’s non-terminal node in order to unravel it.

Lock and Key' is a well known puzzle design pattern which can be easily incorporated
in the generated directed mission graph. In its simplest structure, two nodes would be
selected, one to carry a lock, such as in a chest or door, and the other would carry the
respective key. The Lock node would provide some sort of barrier to progression in the
mission graph, and the player, in order to breakthrough, would have to first find the
Key node. However, in this case, it would be good game design to include a short, less
rewarding path for players that would not want to interact with these types of challenges
and would prefer to go straight to the end of the mission. As this type of puzzle can be
efficiently introduced in about any space, it allows for a very flexible usage [2].

As there are players who would prefer to bypass some challenges, there are also players
who would appreciate higher difficulty in order to stay engaged with the application.
Applying the flow state ideology in this scenario, there should be balance between a
player’s skill and the mission’s difficulty in order to increase player interest and retention.

J. Dormans and S. Bakkes [16] also explain how the same aforementioned generative
grammars can be used to adapt a mission layout and scale its difficulty based on player
models. As this mission graph structure is expandable, it is possible to grow parallel
graphs, on non terminal nodes, based on a player achievements or performance in tasks.
The difficulty scaling in each challenge can be achieved by dismantling the complete
mission graph into several groups of smaller mission graphs. These can be reordered
and combined or substituted by other smaller graphs depending on the desired difficulty
and the used grammar adaptation rules. The choice of which adaptation rule to use for
each player model is entirely up to the game designer, ensuring the structure remains
controllable.

15More about Lock and Key game design pattern
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Player type n: n )

Player type m: n) . . . .
Player type o: n) . - . . . /-

Figure 2.6: Organic mission graph layout on the left and Mission adaptation rules on the
right - In [16]
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3

SoLuTIiON DESIGN

This chapter begins by describing the case study, followed by the solution requirements,
which clarifies the main features that should be included and some concerns to have when
implementing them. Following that, a detailed breakdown of each feature’s design is
presented, along with some decisions taken in the process. The chapter ends with an

overview of the technologies used and the system’s architecture.

3.1 Case Study

This work is linked with an initiative led by T-Factor!, a European project that aims to
inspire innovative approaches to urban regeneration while encouraging co-creation and
avoiding potential gentrification. One of their programs intends to grow the Trafaria
neighborhood into a cultural hub. This includes the conversion of the Fort Nossa Senhora
da Satide da Trafaria into the IAT2.

In collaboration with NOVA University®, as a way to progress towards improving
Trafaria as a place, a augmented reality storytelling platform was created to help preserve
Trafaria’s cultural heritage. This platform ought to be improved and expanded during
this work while also serving as its base. Likewise, all the contents included will take into
consideration Trafaria’s cultural heritage.

The base platform is divided into two components: web [41] and mobile [1]. Their
relationship can be better visualized in (fig. 3.1).

The web component manages the creation of point of interest (POI)s, events, and
itineraries while dealing with their respective upload to the web server. When creating
a POI the user defines its location, general information, and the content that will be
provided to enhance the experience in that specific point. This content can be either
displayed when selecting the POI or only after arriving at its location. Itineraries can be
created by grouping several POIs and defining the corresponding path between them. It
is also possible to choose the files and amount of points awarded on completion.

IT-Factor website
2More about the Institute of Art and Technology
3NOVA University website
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The mobile component manages the following of the itineraries and the engagement
with the provided content at each POI while dealing with their respective download from

the web server.

Mobile
Web
User
{
Admin Creator Player
Plays
Creates/
Admrins Creales
Route
Has
Points of interest Media Files

Figure 3.1: Base platform’s Entity Relationship Diagram

3.2 Requirements

The main objective of this work is to ensure the preservation and exposure of communities’
cultural heritage and stories, as well as to serve as an excellent educational resource by
inspiring its users to seek out and discover more information, both inside and outside the
platform, in order to gain knowledge about the cultures of other communities.

With this in mind, mechanisms to increase users’ interest and the platform’s com-

pelling nature need to be implemented.

As studied in Section 2.4, gamification proved to be a very effective method when trying

to increase and maintain users’ engagement, motivation, and satisfaction. Taking this into
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account, new gamified patterns of interaction must be introduced to the platform. These
patterns should be customizable and relatively simple for users to incorporate into their
narratives while still providing an interesting experience for the user interacting with
them. It would also be beneficial if they had some sort of game-like feeling, resembling
a fun task. Quizzes and puzzles are a good example of patterns that should be added.
The quizzes can be created by only prompting text in the narrative creation interface,
and then visualized using AR. They also provide whoever interacts with them with
relevant learning information. The puzzles can be created by only prompting images in
the narrative creation interface, and their behavior fully controlled with AR capabilities

to visualize them and move pieces around.

In order to introduce these new patterns, it should be taken into account not only their
development but also their respective initialization through the platform’s mobile app.
Furthermore, despite not being the primary focus of this work, certain elements should
also need to be included in the platform’s web interface and server. These changes are
necessary in order to support some of the additions.

Besides the interactions on user-created narratives, there should also be a global
missions system with the intention of unifying interactions within all narratives as a
cohesive storyline. Unlocking of content should be utilized as a technique to encourage
users to go through the narratives. Lock and Key* is a well known puzzle design pattern
reviewed in Subsection 2.4.1, which should be incorporated in the generated mission
system to achieve this.

Another desirable characteristic to have in consideration when developing both the
new interactions and the mission system is that they should adapt to users” profiles,
meaning there should be some sort of calculation of a user’s difficulty level that affects
these, scalling the difficulty to better suit all users, preferably making them harder for
users of higher skill levels and easier for users with lower skill levels or that are not that
interested in interacting with these often and do not want to be challenged in this app’s
context. Recapitulating, the main requirements of the solution are as follows:

1. Development of new game-like AR features;

2. Integration of the new AR features with the base platform’s mobile and web compo-

nents;

3. Development of a missions system capable of comprising the new AR features and
utilizing a content unlocking pattern;

4. Incorporation of difficulty scaling into features that have the possibility of adapting
to users’ ability levels.

4More about Lock and Key game design pattern
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3.3 Feature Design

After analyzing the solution requirements and also during the development, several
ideas were considered and idealized throughout feature design phases. Each feature is
briefly presented here, along with some explanation of the choices made before and while
implementing them. Their implementation is later described in detail over the course of
Chapter 4.

3.3.1 AR Interactions

For comprehension purposes, it is understood as an interaction all the distinct singular
activities that can be launched in each POI during the following of an itinerary. In other
words, the grouping of steps to be performed during each singular activity is defined in
its entirety as an interaction.

Asmentioned in the requirements (Section 3.2), puzzles and quizzes were the first basic
and more obvious patterns of interaction that made sense to introduce to the platform,
having its context in cosideration. These are described as patterns because these should
be costumizable within the narrative creation interface, meaning when the users choose
these as an interation for some POI in their itinerary, they should be able to also prompt
the necessary content as they like. For example, some desired image for the puzzles and
a question and various answer options for the quizzes.

One small hurdle is that these interactions are, in essence, considered to be problem-
solving exercises. So, in order to overcome this point at issue, they needed to be designed
in a way that makes them resemble a fun task. This can be done by weaving in some game
characteristics that could spark players’ interest and maintain their motivation to use the
platform.

3.3.1.1 Puzzles

Beyond the previously mentioned reasons, another justification for using puzzles as an
interaction is that they do not require the player to become well-versed in a large number
of complex rules in order to comprehend how to solve them. They are universally known,

and therefore their rules are intuitively recognized by a vast majority of players.

Jigsaw Puzzle (fig. 3.2) - In order to create this interaction there should be a start-
ing image, which would be the one prompted by a user in the narrative creation interface.
This image should then be cropped in such a way that it creates the multiple pieces that
make up the puzzle. The player should then have access to a list containing all the puzzle
pieces and be able to select and place them somewhere in order to construct the puzzle,
completing the interaction. With this in mind, there should also be a board, visualized
using AR, where the player can place said pieces. This board could have a transparently
dimmed preview of the original image and respective piece division as a means to help
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the player discern the components of the puzzle and guide it towards the correct piece
placement. After placing all the pieces correctly on the board and after a delay that allows
the player to have time to admire the fully constructed puzzle image, there should be some
sort of animation, for example, an explosion, that disperses all the pieces, revealing a final
reward, also visualized using AR, that can be clicked to be collected. This puzzle was
initially designed to be fully interlocked and have blanks and interjambs°®. However, the
implemented solution using Unity’s shaders had some undesirable limitations and was
not perfect, mainly due to the base platform using the Unity Universal Render Pipeline
(URP). So this was decided against, and the puzzle pieces were instead made to be straight
squares. This is not necessarily detrimental since it ultimately results in a cleaner puzzle
that is more practical for players to understand and complete in an AR setting.

Sliding Puzzle (fig. 3.3) - Equally to the previous interaction, an initial image, cho-
sen by a user in the narrative creation interface, is required to create the puzzle. The
image should also be subsequently cropped such that it forms the various puzzle pieces.
For this puzzle, instead of having a preview board and a list of pieces, the pieces should
already be placed on the board which is also visualized using AR. In order to compose the
challenge, one of the pieces should be removed or faded out to create an empty space, and
the rest of the pieces should be scrambled out of their correct position. The scrambling
implementation must be mindful of the fact that not every assortment of pieces results
in a solvable puzzle. There are various ways to confront this problem, such as having
a group of predetermined assortments, or randomly assigning the pieces positions and
then calculating if the puzzle is solvable or not, or the solution that was ultimately used, to
work backwards from a solved puzzle, mixing it up. To solve the puzzle, the player should
be able to move pieces adjacent to the empty space into its position by clicking on them
until all the pieces are in their correct positions. After solving the puzzle, by moving all
the pieces to their correct position, the missing piece that was initially removed or faded
out should fully reappear, showing the player the entirety of the puzzle image. After a
delay that allows the player to have time to admire the fully constructed puzzle image,
there should be some sort of animation, for example, an explosion, that disperses all the

pieces, revealing a final reward, also visualized using AR, that can be clicked to be collected.

Difficulty Scalling - As a means to add a certain kind of game challenge characteris-
tic, the puzzles should be timed, and the timer should be displayed to the player. The
players’ ability levels could be calculated using the times they took to finish each puzzle.
From here, there are various ways to incorporate difficulty scalling into these interactions:
either the player could be given a target time to beat, and this time would be adapted to
the player’s skill level, or the puzzle itself could be divided into a different number of
pieces also based on the player’s skill level. Ultimately, it was decided that the average of

SWidely recognized terminology for a jigsaw puzzle piece’s indentation and corresponding rounded tab,
respectively
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times from the last ten puzzles of the same type would be used to determine each player’s
skill level, and the puzzle dimensions would be altered to suit it. With this in mind, a
puzzle image should be cropped into more pieces if the player was, on average, very fast
to complete the previous puzzles and cropped into fewer pieces if the player was, on
average, very slow to complete the previous puzzles. Additionally, in the jigsaw puzzle,
unlike the sliding puzzle, there is the possibility of a player making a conspicuously im-
proper move by trying to place a piece incorrectly on the board, not in its correct position.
This move could be penalized, further adding an additional game characteristic. It was
determined that, in this instance, the timer would have to be incremented by ten seconds

and a notorious animation should be played to inform the player of its mistake.
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Figure 3.3: AR Sliding Puzzle Design Drawing
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3.3.1.2 Quiz

As previously mentioned, a justification for using quizzes as an interation, is that they can
serve as an effective learning experience by engaging players in active recall and reinforc-
ing interesting information. Quizzes can also provide immediate feedback on selected

answers, allowing players to assess their knowledge and identify areas that can be further
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studied. Overall, integrating quizzes as a learning interaction promotes active participa-

tion, enhances retention, and supports the continuous improvement of players’ knowledge.

In order to create this interaction, there should be a starting question and various answer
options, including the correct one. These would be prompted by a user in the narrative
creation interface. The player should be able to visualize both the question and answer
options using AR. This should be achieved by transforming each character into a three-
dimensional object of itself and correctly placing it in the scene to form the correspondent
words and phrases that make up the prompted text. There should also be a set limit for
the number of characters in a single line, making the three-dimensional text continue to
be written on the next line below. In order to engage with the quiz, the player should be
able to select the various answer options by clicking on them. An animation should then
be played to inform the player whether the chosen answer option was the correct one or
not, enforcing the aforementioned immediate feedback on selected answers. In this quiz,
the player would have the chance to choose two answer options before failing the quiz,
meaning he could choose an incorrect answer option once and then be given one more
chance to choose another answer option. In case the player fails the quiz by choosing
two incorrect answer options, another animation should be played as a means to inform
the player which of the answer options was the correct one, maintaining the relevancy of
the quiz as an effective learning interaction. In case the player succeeds in choosing the
correct answer option, there should be some sort of animation, for example, an explosion,
that disperses all the three-dimensional text characters, revealing a final reward, also
visualized using AR, that can be clicked to be collected. In the hope of increasing the
quiz’s appeal to the player, it was decided that the three-dimensional text that composes
the question would be displayed right in front of the player, and the three-dimensional text
that composes the various answer options would be orbiting around the player, each with
a different designated height and with randomly assigned speeds and starting positions

on their orbit circumference. This can be visualized in (fig. 3.4).

Figure 3.4: AR Quiz Design Preview
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3.3.1.3 Balloon Pop

This feature was designed with the intention of having a straightforward mini-game as
an interaction option for users to choose and add to a POI while creating their itineraries.
Such a mini-game would intentionally stray from the context of the platform, meaning
that, in its base form, it would not provide the player with any beneficial elements other
than fun and the respective rewards. However, it would be easily built upon to incorporate
these missing elements if needed, such as relevant and customizable information, similarly

to the previously described patterns of interaction.

After some consideration of various mini-game types, it was determined that the balloon-
popping concept was of appropriate suitability to the aforementioned underlying require-
ments. It can be played in an AR setting. It does not require the player to understand a
great deal of intricate rules in order to play, much like the puzzles. And lastly, it provides
a solid foundation of a fun mini-game that, if necessary, offers the possibility to develop
and incorporate new characteristics that would enable it to deliver players a learning
experience, similarly to the quizzes. Its sketches can be seen in (fig. 3.5).

To put this balloon-popping concept into practice, there should be a way for balloons to
appear somewhere in the player’s surroundings, visualized using AR, and a way for the
player to throw something at them in order to pop them. There are several approaches
to constructing this mini-game. It was ultimately decided that the balloons would be
constantly spawning and ascending from a stationary portal, and the player would be
able to tap the screen in order to throw a dart and try to pop the balloons. As a means to
help the player identify the defined area where the balloons are able to spawn, the portal
should have some sort of notorious graphic or effect applied to it. Since the dart will be
thrown with a tap of the screen instead of a force-defining and direction-defining swipe,
it should be given additional attention to its configuration so as to feel satisfying from any
distance, and a crosshair should also be included so the player knows in which direction it
is throwing. This should be done in order for the mini-game to be easier and maintain its
simplicity relative to how it is interacted with and played. To avoid spamming dart throws
and to better control the later described difficulty scalling of the mini-game, there should
be a limit to the amount of darts a player can throw per second, which could be described
as their reload time. There is the possibility of having a pool of different balloons to spawn
from, each with its own shape and properties, like ascending velocity and size. This
would add more dimension and depth to the mini-game without introducing any difficult
rule complexity. When the player finishes the mini-game, there should be some sort of
animation, for example, all balloons currently unpopped in the player’s surroundings
would sequentially pop one after the other, revealing a final reward, also visualized using
AR, that can be clicked to be collected.
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Difficulty Scalling - Taking inspiration from the previously designed puzzle interac-
tions’ difficulty scalling, it became apparent that this mini-game should also be timed, and
the timer should be equally displayed to the player. With this in mind, the players” ability
levels would be calculated analogously, using the average of the times from the last ten
balloon-popping mini-games performed. There should now be a particular final goal for
the player to pursue, which enables it to finish the timed interaction. This goal should be
adaptable relative to each player’s skill level. Two ideas were designed: there could either
be a point system with a desired final point quantity and each distinct balloon would
contribute different amounts to that goal when popped, or there could just be a counter
for a target number of balloons to pop. It was also thought that certain balloons could offer
perks or trigger abilities when popped, for example, reducing the current timer, slowing
balloons” ascent, having explosions, firering darts faster, and the list goes on. Following a
final assessment, the second alternative was selected for implementation in order to keep
anything that would complicate understanding the mini-game rules as straightforward as
possible, which was, as aforementioned, the main intention when designing it in the first
place. Given that chosen option, the player should, as expected, be able to visualize both
the target number of balloons to pop and the current amount of balloons poped during
the mini-game. Considering this, the target number of balloons to pop should be higher

if the player was, on average, very fast to beat the previous mini-games and vice versa.

Figure 3.5: AR Balloon Pop Design Drawing

3.3.1.4 Geospatial Flyers

The idea for this feature emerged from the need for an interaction more tightly suited to the
context of the application. The complete opposite of the previous interaction. Although
puzzles and quizzes are assumed to be fantastic options, there needed to be something

that presented a POI with even more pertinent information in an engaging manner. In
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light of this, the thought of combining the interesting images of puzzles with the learning
potential of quizzes arose. So it was put together the concept of having floating flyers that
would hover above some POlIs. These flyers would be visualized using AR and would
contain relevant images of their corresponding POI along with pertinent information
about it and an associated quiz regarding it as well. Furthermore, it was decided that this
interaction would not be an option for users to choose and add to a POI while creating
their itineraries and would instead be an entire independent interaction in and of itself.
With this in mind, the process of creating a new flyer within Unity should be made to be
as simple of a task as possible. This could be achieved by having a default blank flyer that
can be minimally changed, preferably in the inspector, to create a new one for a specific
POI The first iteration of the flyers” cover and interior design can be seen in (fig. 3.6).
Each flyer should start in a closed or folded position, only displaying the name of its
assigned POI and the name of its location. The player should then be able to click on
it in order to open or unfold it and access its interior, where the respective additional
information and quiz are located. The player should then be able to click on the quiz’s
answer options in order to choose them. Equally to the quiz AR interaction previously
described, the player should have immediate feedback on the selected answer option,
displaying whether it was correct or not, and in case it was not, the correct one should be
highlighted, maintaining the relevancy of the quiz inside a flyer as an effective learning
experience. To help the player know which way to walk in order to encounter each flyer, a
compass should be added.
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Figure 3.6: First Iteration of Flyers” Cover and Interior Design

3.3.1.5 Miscellaneous

Some other minor features, which are common to more than one interaction, were also
designed, and they are described below.

Interaction Positioning - It was decided that there should be two main ways to posi-
tion an interaction within the players’ surroundings: either the interaction is previously
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positioned in the scene relative to the starting position of the player, or the player is given
the responsibility of positioning it itself within the start of the interaction.

Information and Instructions Foldout - This feature was designed as a means to help
players who could ever feel lost at any point during an interaction. To accomplish this
objective, there should be a button in the interface with a standard and therefore intu-
itive symbol for this purpose. After clicking on it for the first time, the player should be
presented with a foldout with short, simple, and direct instructions on how to proceed
during the interaction. This foldout could also be taken advantage of to show additional
interesting information. For example, the puzzles could have a preview image displayed,
the quiz could have a preview of the interaction itself, so the player understands it better,
and the balloon pop could have a description of each balloon’s properties. The player
should be able to close the foldout by either clicking on its button again or anywhere
outside of its perimeter. Certain interactions might need to take into account whether the
fouldout is open or not since they might be waiting for any type of player touch with the
device’s screen. In other words, if an interaction is in a state that is waiting for any type of
player touch on the device’s screen, then a touch meant to either open or close the foldout

should not be considered.

Task Completion Popup - During an interaction, the mission system, which is later
described in Subsection 3.3.2, is responsible for receiving updates from the interaction
itself and managing the progress on all active tasks. Every time a task is completed during
an interaction, the player should be notified of its completion. It was considered that an
animated interface element that would slide in and out of the screen would suffice.

3.3.2 Mission System

As mentioned in the requirements (Section 3.2), there needed to be something that was
able to unify all the interactions within the narratives to make them resemble a cohesive
storyline. This could be achieved through a mission system, where there would be multiple
questlines, possibly with stories behind them, that would each be composed of several
missions, and each mission would subsequently be composed of several tasks. These
tasks would be directly associated with the AR interactions mentioned in Subsection
3.3.1. The player would progress in the storyline by engaging with the interactions and
completing their correspondent tasks, completing the loop, and thus ensuring that the
intended cohesive storyline effect is accomplished.

After searching for already developed conventional Unity mission systems to integrate
into this work, it was observed that all the discovered ones had at least one of three
undesired negative attributes. The systems found would either be unnecessarily complex,
not free, and sometimes even expensive, or would follow the same laborious design where

the user would have to write all the logic for each independent quest.

30



3.3. FEATURE DESIGN

Consequently, a new mission system had to be designed. The highly popular location-
based mixed reality mobile game Pokemon GO° served as the main inspiration and model
for this mission system’s external design, and the study of using graph structures to
generate adaptable questlines from Subection 2.4.1 was taken into consideration for the

internal design, as was the requirement of the Lock and Key* pattern integration.

With this in mind, it was decided that this mission system would come about by first
developing a built-in tool, using Unity’s available Graphical User Interface (GUI) cus-
tomization, for the purpose of having a general mission graph creation tool that can
be used by any other Unity game and that at the same time obliged to the mentioned
requirements. Secondly, the created mission graphs would need to have an interpreter
that would be able to manage them by constructing the actual missions and dealing with
their progress and data persistence. Thirdly, there would also be an interface capable of
displaying some desired information and allowing players to interact with it.

3.3.2.1 Mission Graph Creation Tool

This tool was designed in such a way that it allows the user to not write any code in order
to create a mission graph. It revolves around the idea that a graph is, naturally, composed
of a set of connected missions, with each mission composed of a set of its respective tasks
to complete and rewards awarded for completing all its tasks. From here, three main
component types can be highlighted: the misson graph itself, with each node representing
one mission; the rewards of each mission; and the tasks of each mission. All three of these
component types should have their own independent custom creation and management
window interfaces. The second mentioned custom GUI, for management, would be very
similar in all three component types. These would all have a list of every already created
objects of their respective component type, along with a button to select each one and
open a correspondent editable preview which would also have a delete option. There
should also be a button to open the custom creation GUI of the respective component type.

Tasks - Taking into consideration the aforementioned inspiration for the styles of tasks
that would be created, it can be determined that each task should have a display text
and a list of variables, and that these variables would be of two types: accumulative and
requisite. Accumulative variables would serve as the target goal that is incremented when
progressing in a task and are also responsible for the displayed completion percentage
calculations in the interface. Requisite variables would serve as mandatory values that
should be met before incrementing accumulative variables, these could be of maximum,
minimum, or equal types. The user should also be able to prompt something within

the display text that would reference task variables, so these could be displayed as well.

6Pokemon GO website
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For example, in “Do action {varName] times”, {varName} would be substituted in the inter-
face for whatever task variable’s value it refers to, in this case an accumulative variable
named varName. A quality of life button should be included to automatically add task
variables present in the display text to the variable list. Furthermore, the implementation

of task variable types should consider the possibility of later adding new types of variables.

Rewards - Also taking into consideration the aforementioned inspiration, the rewards
should be displayed in the interface with a representative icon. The rewards should be
able to be collected from the interface after a player completes all tasks in a mission. The
implementation of their collection method should make their creation as effortless as

possible, again making sure the user does not have to write any additional code or logic.

Mission Graph - The mission graph creation window should offer the user the pos-
sibility of adding and removing nodes representing each mission and also of drawing
edges between the nodes. Each mission node should also allow the user to add and remove
its respective previously created tasks and rewards. In order to directly support the Lock
and Key* pattern, each mission should have a way to let the user determine if they are
normal, a lock, and/or a key. If there are missions with lock and/or key properties, then
the user should be prompted to draw additional edges between all the lock nodes and

their respective key nodes.

3.3.2.2 Mission Graph Interpreter

To have the ability to process the created mission graphs, an interpreter needs to be
developed. The interpreter is responsible for handling how the mission graphs are used
to create the actual missions in the game, managing their progress, and also providing the
interface with the required information. Different interpreters can be designed to achieve
different final results. This interpreter should be able to let the user choose which mission
graphs it wants to be processed and available in the game. Furthermore, it was decided to
have, in addition to the questlines, a daily quest that would reset every day at the same
hour, and special achievements that would only use taks themselves. Relatively to the
processing of the mission graphs, it was determined that in this case, progress would be
tracked in a mission that has a path to the starting node with no unfinished missions in
between. It was also determined that progress would be tracked even if the node was a
lock, but it could only really be finished when unlocked by finishing all its respective key
missions. Progress in the mission system, which is tracked by the interpreter, should be
implemented in such a way that the user only has to call a singular function in its game
code that sends the interpreter the information needed.

Difficulty Scalling - In this system, there are several approaches to scaling the diffi-

culty of missions. It was ultimately decided that the accumulative task variables would
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have minimum and maximum values, which would be prompted by the user when creat-
ing them. Therefore, when a mission is activated, each of its accumulative task variables
will have its value calculated between the respective minimum and maximum, taking the

player’s ability level into account.

3.3.2.3 Interface

As mentioned before, the interface was designed having Pokemon GO® as inspiration.
Their missions interface was studied and divided into relevant components, and it was
decided that all those components should be included in the developed interface as well.
The division into detected relevant components, that should be included, can be better
visualized in (fig. 3.7) and each component design is also briefly described bellow:
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Figure 3.7: Pokemon GO Missions Interface Components

* Questline - Each questline, which is composed of all missions in a mission graph,
should have an entry in the interface with a header containing its name and a content

space to display active missions.

¢ Foldout Button - The player should have the possibility of opening and closing
questlines’ content as a foldout. To accomplish this, a button should be included in

every questline’s headers.

* Ongoing Task - Tasks that haven’t been completed should have a text displaying

the objective of the task itself and also some sort of indicator of its progress.
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¢ Completed Task - Tasks that have been completed should be easily distinguishable
from other tasks. For example, having a different background, a checkmark, and no

longer displaying their objective text and progress.

¢ Active Mission - All active missions within a questline should be displayed in their
respective questline’s content space. In this work, there is the possibility of a mission
beeing a lock and/or a key. It was decided that key missions would be displayed
like normal missions. Meanwhile, as it was previously determined in Subsection
3.3.2.2 that a lock mission would have its progress tracked when active, it should

also be displayed, but with some additional indication of its locked state.

* Rewards - The icons for each mission’s rewards should be displayed in a designated
space below their respective mission’s tasks.

¢ Finish Button - When all tasks of a determined mission have been completed, its
representation should be easily distinguishable from an unfinished mission. There
should also be a button that allows the player to collect said mission’s rewards and
progress in its respective questline. In the case of a lock mission, it was decided
that it would suffer the same changes in appearance while still maintaining the
additional indication of its locked state. A lock mission’s finish button, if not yet
unlocked, should not be clickable.

¢ Exit Button - There should be a button that allows the player to exit the interface at

any moment, so it feels in control.

As it can also be seen in (fig. 3.7), the interface includes three tabs at the top that
allow users to scroll through different pages. This should also be implemented in the
developed interface in order to scroll between the daily quest page, normal quests page,
and achievements page. The player should be able to switch between pages by clicking
on each tab’s name or by swiping left and right on the screen.

3.4 Technology and Architecture

The development of the additional functionalities was mostly done around the same
technologies as the base platform’s mobile component. There were also some other
supplementary technologies used to implement certain features or to help create some
desired content. All these technologies are described below:

* Unity Game Engine’ is a leading cross-platform game engine renowned for being
easy to use and versatile. It provides developers with a multitude of tools for mainly

creating games, interactive experiences, and simulations, across a range of platforms.

7Unity website - last accessed: 03/2024
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Its user-friendly interface and strong community support make it a popular choice

for game development.

Since it was also used to implement some of the base platform’s mobile features, it

continued to be the main development tool used for this work.

* ARFoundation® is a framework that allows developers to create AR experiences
within Unity. It abstracts the complexities of working with different AR platforms,
such as ARK:it for iOS and ARCore for Android, providing a unified application
programming interface (API) for common AR tasks, making it easier for developers

to create immersive AR experiences with Unity.

¢ ARCore Extensions’

is an external add-on for the ARCore platform, which extends
its capabilities within Unity. It allows developers to integrate more advanced AR
features, such as cloud anchors, into their Unity projects. It also simplifies the
development process by providing a user-friendly API to implement said features

on Android devices.

* Geospatial Creator'"/!!

is one of the ARCore Extensions features that helps develop-
ers build and launch robust world-anchored experiences within Unity. Furthermore,
the uncomplicated API and Unity component interfaces allow developers to anchor

objects in real-world locations while visualizing a three-dimensional world preview.

This technology was mainly used for the geographic coordinate-based positioning
of the Geospatial Flyers, previously described in Subection 3.3.1.4.

* Cesium for Unity'? is a platform for creating virtual globes, allowing developers
to integrate accurate real-world geographic information, such as satellite imagery,
terrain data, and three-dimensional buildings, into Unity projects. Itis able to receive
information from Geospatial Creator and optimize it as three-dimensional tiles for

visualization and interaction within the Unity ecosystem.

* Unity UI Toolkit!? is a framework for creating custom user interfaces within Unity
projects. It provides developers with a flexible and efficient way to design and
implement interfaces using built-in elements such as buttons, sliders, text fields, and

more, while also allowing for dynamic layout and styling using style sheets.

This framework was used to implement the custom GUI that allows to manage and
create the Tasks, Rewards, and Mission Graphs described in Subsection 3.3.2.1. The
Graph View Ul toolkit feature, which is still in its experimental stages, was also used

and tested for the Mission Graph creation and editing window interface.

8 ARFoundation website, ARFoundation manual - last accessed: 03/2024
9 ARCore Extensions Documentation - last accessed: 03/2024
10 ARCore Geospatial Documentation - last accessed: 03/2024
11Geospa’cial Creator was launched by Google on May 2023, after this thesis had already started.
12Cesium for Unity website - last accessed: 03/2024
13Unity UI Toolkit Documentation - last accessed: 03/2024
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* Blender'* is an open-source software that offers a wide range of features, including
three-dimensional modeling tools, sculpting, rigging, texturing, animation, simula-

tion, and more.

This software was used to create some of the three-dimensional models present in
this work, such as the star reward that appears after completing some interactions
and the default Geospatial Flyer model. The latter also had its respective opening
animation and uv coordinate texturing done using Blender as well.

* Adobe Photoshop!® is an image editing software mainly focused on raster graphics
that is widely used by professionals and hobbyists alike to create and manipulate
digital images. This software was heavily used throughout this thesis.

In (fig. 3.8), it can be seen how the aforementioned Cesium for Unity technology is able to
provide a three-dimensional real-world view inside of Unity’s editor.

Figure 3.8: 3D View of Trafaria inside Unity’s Editor

A high-level system architecture is presented in the diagram of (fig.3.9), and it shows the
main components of the system along with their connections. The player engages with
the interactions by using a mobile device with AR capabilities and a minimum Android
API level of 24. Geospatial Creator sets this higher API requirement!’. The device runs
the Unity Application, which contains a different manager for each interaction that is
responsible for dealing with the player’s inputs and controlling the interactions’ flows. All
the interactions are connected to the Mission System since it contains tasks corresponding
to all of them, whose progresses need to be tracked. Data persistence is achieved with
the Data Controller, which saves and loads files at a standard location in the device’s file
system. This is used to keep some necessary data, like game results for difficulty scaling,
flyer completion, and the Mission System state and progress. Some interactions require

content that is provided by a user in the narrative creation interface. This is simulated

14Blender website - last accessed: 03,/2024
15 Adobe Photoshop website - last accessed: 03/2024
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by performing a UnityWebRequest, which uses the HTTP protocol in order to download
this content from external files. Finally, ARCore Extensions, which is responsible for
incorporating Geospatial Creator, accesses a project on Google Cloud through an API
key. This project enables the use of geographic anchor positioning, world visualization in
Unity, and the visual positioning system.
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Figure 3.9: High-level Representation of the System’s Architecture
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4

IMPLEMENTATION DETAILS

This chapter provides a comprehensive explanation of the implementation process for
each designed feature, considering the previously outlined requirements and decisions
discussed throughout Chapter 3.

4.1 AR Interactions

For the development of each AR interaction, there was a need to setup a different scene
that included all the necessary components responsible for its behavior, AR integration,
and communication with some other features and outside components.

The process of integrating AR capability and functionalities in a determined scene
within Unity is made simple with the use of ARFoundation, having to instantiate two
mandatory GameObjects identified as AR Session and AR Session Origin. The first represents
the core of the experience and is responsible for managing and tracking the device’s posi-
tion and orientation while also handling the processing and integration of the real-world
data that is obtained through various of the device’s sensors, serving as the connection
between the surrounding environment and the virtual elements. The latter represents
the starting position of the device and acts as the primary reference point in the scene
to which all other elements correlate, making it responsible for the manipulation of the
virtual content placement and scalling. Since the AR Session Origin scale was set to the
default value of one, all the hereinafter dimensional values mentioned have a 1:1 scale
ratio between the real-world and the virtual envrioment.

41.1 Puzzles

Both the designed puzzles are composed of a set of pieces that, when positioned correctly,
construct a full image. While the two puzzles present different challenge designs in
relation to the way the pieces are initially laid out and then moved around, they use the
same approach when loading their respective image and creating the pieces themselves.

As the images used in these puzzles would be prompted by a user in the narrative
creation interface of the base platform and subsequently stored in the database, it basically
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means that they need to be downloaded from an external file system. With this in mind,
a UnityWebRequestTexture is performed to obtain said images from a URL! already in a
usable texture format within Unity. In the event that something goes wrong and the
image does not get correctly loaded, for example, if the request returns a ConnectionError
or ProtocolError response, then a Ul element appears, notifying the player that the asset
failed to be loaded and giving it the option to exit the interaction. On the contrary, if
everything goes right and the image is correctly loaded as a texture, then it is applied
to two separate materials, one dedicated to the three-dimensional objects of the pieces
(materialA) and another dedicated to the UI previews of the image and, in the case of the
jigsaw puzzle, also the pieces present in the list (materialB).

In the normal course of these interactions, after the image is successfully loaded, the
player then has to choose a position for the puzzle board within any desired detected
space, this is later detailed in Subsection 4.1.5. After that, the main behavior controller for
these interactions starts generating the puzzle pieces and positioning them accordingly.
For clarification, the placed board is actually just an empty GameObject, which is only used
to position the pieces in relation to it.

Generating the Puzzles

Each puzzle piece is essentially a Quad, which is a very simple flat geometry that only
contains one face made up of two triangles. The pieces that are positioned on the puzzle
board additionally have a flattened cube in order to create some dimension and depth
while also making the puzzle visible from the back, as the Quad by itself does not have a
back face. A single puzzle piece Prefab was made for both cases in order for them to be
instantiated at runtime through the behavior controller. To be able to generate the puzzle,
some additional parameters are defined, such as the width of the puzzle, the number
of pieces it is divided into, the gap thickness between each piece, and, in the case of the
jigsaw puzzle, also the transparency alpha of the board and the time increment in seconds.

The puzzles were designed to be square, having the same width and height. The width
value of the puzzles can be changed without affecting their correct generation since all the
necessary calculations take the puzzle dimensions into consideration. It was ultimately
decided to make the puzzles two meters long, as during experiments, this seemed like
a suitable proportion. To achieve this, because of the aforementioned AR Session Origin
scale, the puzzleWidth was set to be two Unity units long.

The number of pieces a puzzle is divided into is the designed dynamic factor that
enables the puzzle to be difficulty scaled. Therefore, it is calculated based on the player’s
ability level by using the average of the last ten times that the player took to complete the
puzzles of each type. These values are loaded from an internal file, along with the level of
the previous puzzle performed. These last ten values of time are managed using a circular

array. The level of a puzzle corresponds to the number of pieces along one side and is

lUniform Resource Locator
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identified as its size. So if a puzzle has nine pieces, its level and size have a value of three.
It was decided that the starting level for both puzzles is three, and whenever a player has
an average of times superior to 90 seconds, then the level of the puzzle decreases by one,
and on the contrary, if a player has an average of times inferior to 30 seconds, then the
level increases by one. The minimum level is two and there is not a maximum level.

Following that, the aforementioned single piece Prefab is instanciated once for every
puzzle piece as a child of the board. To simplify certain aspects, it was decided that the
center of the puzzle board would be the same as the combination of all the pieces, so each
piece gets scaled and is positioned going from -1 to +1 via the subsequent calculations
based on their row and column, and also the gapThickness defined:

leWidth
width = % localScaley,y .y = (width — gapThickness)+(1,1,1)

puzzleWidth + width

LocalPosition, = (width = col) — >

puzzleWidth — width
2
Each piece is also given a name matching its position on the board (row * size) + col

— (width = row)

LocalPosition, =

and gets assigned the aforementioned material A. The previously loaded texture that was
applied to this material corresponds to the entirety of the image, so in order for each piece
to only display its respective section of the image, its Mesh retrieved from the MeshFilter
component needs to have the UV coordinates? altered. Because of how the image is loaded,
the pieces are instantiated, and the size of the puzzle can vary, these coordinates have to
be calculated dynamically at runtime. The position of each piece’s vertices within the
texture, depending on the size and gapThickness of the puzzle can be seen in Table 4.1. This
coordinate system is normalized from 0 to 1 and the origin exists in the bottom left corner.
The order in which they are set is top-left, top-right, bottom-left, bottom-right.

Table 4.1: Puzzle pieces” UV coordinates positioning

uv ‘ Horizontal Position ‘ Vertical Posistion

0,1) (nWidth = col) + gap 1—-mWidth = (row + 1)) + gap

(1,1) | (mWidth=(col +1))—gap | 1 = (nWidth *(row + 1)) + gap
(0,0) (nWidth + col) + gap 1 - (mWidth +row) — gap

(1,0) | (nWidth = (col +1)) — gap 1 - (nWidth +row) — gap

normalizedWidth = nWidth = JL  gap = Stpthickness

size

After the puzzle is successfully generated, a timer appears at the top of the screen and
starts counting forward from zero. This feature is detailed in Subsection 4.1.5.

2UVs are two-dimensional texture coordinates that are responsible for how an image texture gets applied
onto a geometry.
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Jigsaw Puzzle

Specifically in the jigsaw puzzle, when each board piece Prefab is instantiated, it has
its color’s alpha value set in order for the board to be transparent, forming the desired
preview effect. Additionally, while instantiating each piece, a copy that uses the same UV
coordinates is also instantiated as a child of a ScrollView’s container®, this time using the
aforementioned materialB which has the same texture but is better suited for Ul elements.
All the pieces in the list are then shuffled by assigning each of them a random sibling
index between zero and the number of pieces.

This ScrollView, containing all the pieces, has them organized horizontally, equidistant
from each other, and is positioned at the bottom of the screen, establishing the designed list
of pieces. Since by default it only allows for unrestrained horizontal scrolling by swiping
on the screen, as a means to make the scrolling experience more satisfying, a script meant
to control its behavior is applied to it. This script uses both the number of pieces present
in the container and the current scroll position value in order to calculate which piece is
closest to the middle. When a user stops swiping, the scroll value is then changed in order
to snap this piece into the middle while also moving the other pieces in the list accordingly.
The piece’s snapping is done smoothly by using linear interpolation between its current
position and the scroll’s middle position, and it takes into account a determined speed,
which can be changed, as well as the time between rendered frames, so as to make the
consequent animation frame rate independent.

The scale of the pieces is also changed during and after the swiping action, making
the middle piece increase in size and all the others decrease in size. A smooth transition
between the different scales is also achieved using linear interpolation while taking into
consideration the same aforementioned characteristics. Furthermore, it was made possible
to scroll directly to a certain piece by clicking on top of it when it is not in the middle.
Conversely, clicking in the middle piece selects it, making it increase even more in size
for better visualization and vanishing the other pieces. From here, the player is able to
either click on it again to deselect it and cause the list to go back to normal or to click on
a piece present on the board to try and place it there. The act of clicking the pieces is
accomplished by performing a Raycast* from the touched screen position straight to the
far clipping plane, in order to detect if a piece was clicked on and, if so, which piece it
was. Two different types of Raycast are made, one specifically for UI elements and another
for the objects. In order to distinguish the start of a swipe touch from a click touch, some
calculations are performed based on the time the user spent touching the screen as well
as the distance covered by that touch during that time.

When trying to place a piece on the board, there are two possible outcomes. If the
selected list piece’s name matches the one clicked on the board, then it is removed from the

3ScrollView is a Unity UI element composed of a ScollRect, a container, and a scroll bar. ScrollRect allows
the designation of an area and the horizontal and vertical scrolling of elements present in the container within
that area.

4Raycast is essentially a ray that is fired from a point in space along a particular direction, returning
references to objects hit.
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list, and the board piece gets its color’s alpha value set to normal. On the other hand, if the
selected list piece’s name does not match the one clicked on the board, then three distinct
but synched animations are played to inform the player of its mistake. The first blinks a
red border around the screen by changing an image color’s alpha value to one and back to
zero. The second swivels the selected list piece to the right, then to the left, and then back
to its initial rotation. The third makes a text, which displays the time increment, appear
in the middle of the screen, that then slides upwards towards the timer and disapears.

Finally, the puzzle is completed when size? pieces are placed on the board.

A unique sound effect is played, using the AudioManager detailed in Subsection 4.1.5,
whenever the following events happen: The list’s middle piece changes; The player selects
a piece; The player deselects a piece; The player places a piece on the board; The player
fails to place a piece on the board; The player completes the puzzle.

This interaction can be visualized in (fig. 4.1), where on the left and middle there
can be seen level three and four jigsaw puzzle, and on the right there can be seen the
animation played when trying to incorrectly position a piece on the board.

Figure 4.1: AR Jigsaw Puzzle Interaction

Sliding Puzzle

Specifically in the sliding puzzle, after all the piece Prefabs are instanciated, the last one,
corresponding to the bottom-right corner, gets its color’s alpha reduced to a low value
and is subsequently deactivated, meaning that it disappears, in order to create the desired
empty space. After that, all the pieces on the board get shuffled using an ad hoc brute
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force algorithm that performs size?

moves using a function that swaps the empty space
with an adjacent piece while also never swapping the same piece twice in a row.

For the purpose of allowing the player to move pieces and try to finish the puzzle,
whenever the screen is touched, a Raycast? is sent from the touched screen position directly
to the far clipping plane. This way, it is recognized if the player clicked on top of a piece,
and if so, which piece was clicked. In the event that the player in fact clicks on a piece, the
same function used in the shuffling algorithm is called to try and swap it with the empty
space. A piece can only be swapped with the empty space if it is adjacent to it.

Finally, the puzzle is completed when all the pieces are moved to their correct positions.
Following that, the bottom-right piece, which was initially faded out and deactivated,
gets reactivated and fades back to normal. The fade in animation is done using linear
interpolation of the color’s alpha value, again with the same characteristics as before.

A unique sound effect is played, using the AudioManager detailed in Subsection
4.1.5, whenever the player swaps a piece with the empty space and also when the player
completes the puzzle.

This interaction can be visualized in (fig. 4.2), where on the left and middle there can
be seen a shuffled puzzle and a completed puzzle, respectively. On the right of this figure,
there can also be seen the final reward that is revealed at the end of all the interactions.

Loaded!Im —\
Nﬁvem
Placed"

Puzzle Start
Puzzle Finisi

Figure 4.2: AR Sliding Puzzle Interaction and Final Reward

After Completion
In both puzzles, when they are completed, the timer gets stopped, and there is an explosion
animation that disperses all the puzzle pieces on the board, revealing a final star reward
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in its position. This explosion happens only after a set delay that allows the player to first
have time to admire the constructed puzzle image. To achieve this explosion animation,
first the reference to each puzzle piece on the board is stored in a list when it is instantiated
during the puzzle generation. Secondly, at the time of the explosion, all pieces get assigned
a Rigidbody component that provides them with physics-based behavior and allows for
the simulation of forces and other properties. Subsequently, a large force is applied to all
pieces from the direction of the center of the puzzle, making the pieces fly out in a radius,
and an explosion sound is played from the explosion position using the AudioManager.

After the explosion, the reward Prefab, which is composed of a star model made in
Blender and a particle system that forms a continuous shining visual effect, is instanciated
in the same position where the middle of the board was located. Furthermore, it gets
assigned a perpetuous movement animation that makes it hover up and down, due to a
sine function, and rotate around itself. This reward can be clicked on to be collected using
the same method previously described that uses a Raycast sent from the touched screen
position. Collecting this reward instantiates yet another particle system that pulses a star
visual effect once.

Moreover, after each puzzle is completed, the interaction’s information, which in this
case corresponds to the time it took the player to complete the puzzle and the level/size
of the puzzle, is both saved internally using the data persistence system and sent to the
mission system to be processed. These systems are detailed in Subsection 4.1.5 and Section
4.2 respectively.

4.1.2 Quiz

The designed quiz interaction is composed of a question and its respective answer options,
which include the correct answer, and allows players to visualize all its corresponding
text using AR, choose a desired answer, and get feedback on it.

As all the text that establishes the quiz would be prompted by a user in the narrative
creation interface and subsequently stored in the database, it essentially indicates that it
needs to be downloaded from an external file system. Taking into consideration how the
mobile component of the base platform is capable of lauching the desired Unity scenes
and the information it passes through to them using JSON, the text does not need to be
requested from a URL, similarly to the previous interaction, since it would already be
included in that said information. However, if this was not the case, a UnityWebRequest
equivalent to the aforementioned could easily be performed to obtain this information, as
the response has the option to directly access and convert the text to the string format. For
simplicity, the required text is extracted from a single string containing the question and
all answer options, separated using a special delimiter, and additionally having a special
character in order to signalize the correct answer option.

In the normal course of the previous interaction, after the content is successfully loaded,

the player is given the chance to position the board itself in a desired space. Consequently,
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in this interaction, it was decided that the content would already be pre-positioned in
the scene relative to the player’s starting position. This way, there would be two different
interactions with different positioning methods to be later tested and allow for player
preference analysis. The player could either prefer to have the responsibility of positioning
the interaction where it desires, or prefer to not have that burden and for the content to

already be pre-positioned.

Generating the 3D text

After the required string is loaded, the main behavior controller for this interaction starts
generating the three-dimensional text and positioning it according to how it was designed.
Before instantiating anything, first, the string is separated into various other strings, which
contain the distinct text clauses that form the quiz, by the defined delimiter, and after that,
while iterating through the answer options, the correct answer is identified by a special
defined character as well. Additionally, just for added effect, an uppercase letter from A
to Z is introduced before each answer option, followed by a colon. Furthermore, a limit on
the number of characters that would be written in a single line was established. Writing
text on the next lines is achieved by iteratively dividing it into substrings of substrings if,
after twenty characters, they still have a whitespace and more text to be written, while

also shifting each substring’s writing position downward.

Subsequently, these separated texts need to be instantiated within the scene. It was
ultimately decided to present them using three-dimensional characters instead of plain
two-dimensional ones for visualization using AR. This is believed to help enhance im-
mersion and realism while also allowing for more dynamic movement that includes, for
example, rotations. Therefore, this makes three-dimensional text the preferred choice in
this situation when trying to meet the requirement for a compeling interaction. A small
hurdle to this decision is that Unity does not offer any built-in functionality to create three-
dimensional text within a scene, thus some outside methods were explored. Although
there were a few appealing and distinctive methods found, which would be usable, the
one that was eventually determined to be implemented was the least complicated and
most straightforward of the bunch and was imported as a Unity package®. This method
requires a Prefab that includes all the intended characters’ three-dimensional models as
its different children, which all start deactivated. These models can be easily made using
Blender by extruding text to the desired depth. This is a simple but somewhat laborious
process that also bears the favorable characteristic of allowing for the later addition of
special characters and also different fonts. To generate the three-dimensional text within
the scene, this Prefab is instanciated while also serving as a text root and writing cursor.
Then, for each character in the text, a switch statement evaluates it and instanciates its
corresponding three-dimensional model at the cursor’s position, which is then moved to

the right according to a determined amount based on what character was written. Finally,

53DText Unity package in GitHub
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some adjustments are made to change the rotation and position of the entire text’s pivot

in order to simplify the subsequent steps.

Quiz

After the required text of both the question and the answer options gets generated in the
scene as three-dimensional text, since it was decided that this interaction would have its
content pre-positioned, they both need to be scaled and placed as designed in relation
to the AR Session Origin, which represents the player’s starting position in the AR scene.
Firstly, the question gets positioned right in front of the player, about one and a half meters
away. Secondly, each answer option gets positioned iteratively higher than the previous
and gets assigned a random angle between 0 and 27 that is used in order to also position
it around the origin in a radius of three and a half meters. The height of multi-lined texts
is also taken into consideration. Their center’s position, in relation to the origin, on the

three axes is defined by the following expression:
PoS(x,y,2) = Origing,y . + (sin(angle) » radius, height = (i + 1), cos(angle) = radius)

As also determined during the design phase, although the question is stationary, the
answer options are meant to orbit in a circumference around the origin. To achieve this,
since their positioning at the start already took this aspect into consideration, only their
movement needs to be handled. During their positioning, each answer option also gets
assigned a random rotation speed, so as to make their animation more interesting. After
that, their rotation around the origin is achieved by increasing the angle that was assigned
during their positioning while taking into consideration the mentioned rotation speed
and the time between frames, so the consequent animation is frame rate independent.
Furthermore, their rotation around themselves is also changed in order for them to always
be facing the origin.

For the purpose of allowing the player to select an answer option, whenever the screen
is touched, a Raycast* is sent from the touched screen position directly to the far clipping
plane. This way, it is recognized if the player clicked on top of any answer option, and if so,
which one it was. Differently from the previous interactions, both the normal and the AR
specific Raycasts were noticed to not be accurate enough, where sometimes a registered
touch, which was clearly on top of an answer option, would not have its Raycast return
any hits. To solve this, a Spherecast is performed instead. This way, even with a very small
radius, it sends out a wider ray that always hits the desired clicked text.

After selecting any answer option, an animation that reinforces the immediate feedback
of the quiz is carried out in order to inform the player whether it was the correct one
or not. This animation begins, regardless of whether the answer is right or wrong, by
moving the selected text on top of the question and facing it the same way as well. This is
accomplished by using linear interpolation between the current position of the text and
a calculated position above the question, based on the height and number of lines in the
answer. During this movement of the answer, a spherical linear interpolation is also being
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performed for its rotation, so that the consequent animation ends with the answer facing
the right way. After this first animation is finished and after a short delay that allows
the player to reread the text while also adding in some suspense, there are two possible
outcomes. In case the selected answer is the correct one, then all the texts still present in
the intearction explode in a sequence, and the final reward is revealed at the question’s
position, finishing the quiz. On the other hand, in case the selected answer is not the
correct one, only it explodes and a red border blinks around the screen by changing an
image color’s alpha value to one and back to zero, and, after that, the quiz carries on. Since
it was determined that the player would have two opportunities to select the right answer,
the quiz also ends after the player selects two wrong answers. In this case, after the last
wrong answer selected explodes, the right answer does the aforementioned animation
that moves it atop the question, maintaining the relevancy of the quiz as an effective
learning interaction. The reward instanciated at the end and the method used to perform
the explosion animation both have the same characteristics described previously in the
puzzle interaction.

A unique sound effect is played, using the AudioManager detailed in Subsection
4.1.5, whenever the player either selects a right or a wrong answer. Moreover, after the
quiz is finished with a correct answer, the interaction’s information, which in this case
corresponds to the number of tries the player took, is sent to the mission system, described
in Section 4.2, to be processed.

This interaction can be visualized in (fig. 4.3), where it is shown a landscape view of

the question and answer options from far away so as to better capture them.

Figure 4.3: AR Quiz Interaction - distant view

4.1.3 Balloon Pop

The balloon pop mini-game is composed of a portal, which continuously makes ascending
balloons appear from it, and a dart that can be thrown at them in order to pop them, all
visualized using AR. Differently from the two previously explained interactions, this one

does not require any content to be loaded from an external file system. Therefore, the first
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event in the normal course of this interaction is regarding its positioning. At this stage
it was considered that letting the player position the content at its will, where it desired
within any detected space, was the better solution. Consequently, the player then has to
place the portal in its surroundings using the feature that is later detailed in Subsection
4.1.5. After that, the main behavior controller for this interaction makes a timer appear
on top of the screen that starts counting forward from zero, while at the same instance,
the balloons also begin appearing from the portal and going upwards. This timer is also
the same used in the aforementioned puzzles, for consistency, and is later detailed in
Subsection 4.1.5. Additionally, after the portal is positioned by the player, a horizontally
flat particle system, which forms a blue and purple vortex with rays coming out of it, is
also positioned at its location in order to both allow the player to better identify the de-
fined area where the balloons will be appearing and increase the mini-game attractiveness.
Spawning the Balloons®

It was determined during the design phase that there would be different balloons appear-
ing from the portal with distinct properties, since it adds more dimension to the game
without making it less intuitive. To achieve this, a set of six unique balloon models was
taken and used from the Sketchfab website. Each balloon was subsequently processed
by creating its respective Prefab that included all the components necessary. These com-
ponents consist of the MeshRenderer for applying the desired materials, a set of Colliders
that could cover the balloon entirely, a Rigidbody to deal with its ascent, and a properly
positioned pivot to facilitate some steps afterwards. The usage of the Colliders and Rigid-
bodys also allows for the handling of colision events, making the balloons” behavior as
close as possible to reality when they, at any determined point, go against each other,
either vertically or horizontally. The spawning of balloons is dealt with using a specific
type of function, denominated Coroutine. Unlike normal functions that execute their code
within one frame and move to the next instruction, Coroutines allow for a piece of code
to be executed across multiple frames while also allowing the use of yield statements,
which return an enumerator object value that makes it possible to, for example, wait for
a number of seconds or for the next frame before continuing to execute code within an
iteration. These functions are not to be confused with asyncronous ones, as their execution
is still syncronous. With this in mind, the balloon spawning function has a loop that
keeps making balloons appear until the mini-game ends. In each iteration, first, a random
interval is calculated between half a second and two seconds that will make the function
wait before proceeding to spawn a balloon. Secondly, one of the six balloon Prefabs is
randomly chosen to be instantiated and is so randomly within the circle of the portal. This
is done by using a random angle’s sine and cosine, along with a random radius between
zero and the radius of the portal, to determine its position. During this step, the rotation
of the instanciated balloon is also changed for the purpose of having it face in the player’s

6Spawning is, in a gaming context, a slang term that refers to the process by which characters or entities
are generated or appear within the game world.
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direction. Finally, in order to make the spawned balloon ascend, its Rigidbody gets the
gravity calculations turned off and its rotation due to physics frozen on the X and Z axes.
The latter makes the balloons not rotate in any abnormal way whenever they collide with
each other. Subsequently, a positive force on the Y axis is applied to the Rigidbody based
on the desired ascending velocity. There is a flag present in the code that allows to choose
whether the desired velocity for each balloon comes from a predetermined value, which
can be unique for each of them, or a random value within a range. Lastly, a reference to
the instanciated balloon Prefab is added to a list, and a function is invoked after fifteen

seconds to automatically pop that balloon so it does not go out flying forever.

Popping the Balloons

The number of balloons a player is required to pop in order to complete the mini-game is
the designed dynamic factor that enables it to be difficulty scaled. Therefore, much like
the puzzles, the file from the internal file system containing the game’s results is loaded,
and the average of the last ten times that the player took to complete this mini-game is used
to calculate whether the also loaded previous level stays the same, increases, or decreases.
The level of the mini-game corresponds to the target number of pops divided by five. This
was mainly due to it beeing decided that, to be consistent with the puzzles, the starting
level would also be three and that the first time a player would be going through the
interaction it would have to pop fifteen balloons. Consequently, whenever a player has an
average of times superior to 90 seconds, then the level of the mini-game decreases by one,
having to pop five less balloons, and on the contrary, if a player has an average of times
inferior to 30 seconds, then the level increases by one, having to pop five more balloons.
Analogously to the puzzles, the minimum level is two and there is not a maximum level.
In the interest of displaying this challenge goal to the player, a UI element is included at
the top left of the interface, near the timer. It exhibits both the current amount of balloons
popped during the mini-game, which starts at zero, and the target number of balloons to
pop, respectively, separated by a forward slash. The left portion of this Ul element is, as
expected, incremented every time the player pops a balloon.

In order for the player to pop the balloons, it is given the ability to throw darts at
them. This is achieved by having a dart positioned in the bottom center of the screen close
to the camera, and when the player touches the screen, the dart is thrown forward in a
trajectory that passes through the middle of the screen. Several factors were taken into
consideration when implementing this, and also because, by design, the player does not
define the direction nor the force of the throw through a swipe motion, its configuration
needs additional attention so as to feel satisfying from any distance. To start of, it was
determined that the player would be limited to throwing only one dart per second, meaning
the darts have a reload time of one second. This was done in order to better control the flow
of the interaction and to scale the difficulty of both the interaction and its correspondent
missions. When realoading a dart, its respective Prefab, which includes the dart model
and also all the components aforementioned in the balloons’ case, is instanciated at its
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determined location as a child of the camera, which represents the camera of the device.
This makes the dart anchored to that position, moving and rotating it in coherence with
the device. An arbritrary position that is relatively far from the device’s position and is
always aligned with the center of the screen was ajusted throughout many experiments
to use as the darts’ throwing target. The loaded dart, while anchored to the camera, stays
poited in that target’s direction. Whenever the player touches the screen, if a dart is loaded
in, then this dart stops being anchored to the camera and is thrown in the direction of
the target. The throw is performed by applying a three-dimensional force to the dart’s
Rigidbody according to these expressions:

U= THVgEf(x,y,z) - Dart(x,ylz) = m ﬁapplied =10 * Fiprow
Additionally, to make the dart’s falling motion as realistic as possible, two approaches were
tested. The first uses the physics calculations of the Rigidbody and includes a scrip that shifts
the center of mass of the dart to be closer to the front, where the metal section is located.
The second redirects the dart’s orientation in each frame to always be pointing towards
where it is moving. Both approaches apply a gravitational force to the dart, causing it to
descend into the ground. The second approach was observed to produce a more belivable
result and is consequently the one used. The dart is then, in every frame, oriented towards
Darty y,z) + 0, where @ represents its velocity vector. Moreover, much like the balloons,
the trown darts are also destroyed after fifteen seconds to avoid cluttering and to not
negatively affect performance. During the trajectory of the dart, any balloons it passes
through get popped, removing them from the scene, incrementing the aforementioned
current number of pops, briefly instantiating and removing a particle system that forms
a pop visual effect, and playing a pop sound effect using the AudioManager. The dart is
considered to have passed through a balloon whenever both the balloon and dart Colliders
intersect.

As a means to help the player estimate in which direction the dart is going to be
thrown, an animated crosshair is included as an Ul element in the center of the screen.
The animation is performed by constantly rotating the crosshair around itself and also
continuously increasing and decreasing its size using linear interpolation based on a sine
function.

After the player finishes the mini-game by popping the target number of balloons, the
balloon spawner stops making new balloons appear, the portal’s visual effect is slowly
removed, the timer also stops, and all the balloons still present in the interaction are popped
in a sequence using the same visual and sound effects previously mentioned. Furthermore,
the final reward Prefab, which has the same characteristics described previously in both
the puzzles and the quiz interactions, gets instanciated at the device’s height atop the
portal’s position. Finally, the interaction’s information, which in this case corresponds to
the time it took the player to finish the mini-game and the level/number of balloons to

pop of the mini-game, is both saved internally using the data persistence system and sent
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to the mission system to be processed. These systems are detailed in Subsection 4.1.5 and
Section 4.2 respectively.

This interaction can be visualized in (fig. 4.4).

Figure 4.4: AR Balloon Pop Interaction

4.14 Geospatial Flyers

This interaction allows players to engage with floating flyers that are positioned atop
various POlIs. Each of these flyers contains a set of images, interesting information, and a
quiz relative to its corresponding POI. Their positioning is dealt with using Geospatial
Creator for Unity, which makes it possible to directly anchor these flyers using coordinate-
based positioning within the real world. Similarly to the previously explained interaction,
this one does not require any content to be loaded from an external file system due
to its design decisions explained in Chapter 3. This interaction was designed with the
intention of being independent from the itineraries or to possibly be complementary to a
AR navigation feature in the future. Consequently, the content used in each flyer is not
prompted by a user in the narrative creation interface. Instead, the necessary content gets
added onto a flyer within Unity and this flyer gets anchored in its respective coordinate-
based location manually. However, it is simple to modify this implementation so each
flyer’s content does come from an external source, including its coordinates, so it gets
positioned in the scene.
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Creating the Flyers

As a means to offer a straightforward procedure for creating new flyers within Unity,
a default flyer Prefab that can be minimally changed to generate these was created. To
achieve this, first, there needed to be a three-dimensional model for said flyer. Since there
were not any models found that suited the originally thought idea of having different
pages and the ability to be opened and closed, a new model was created using Blender.
Furthermore, this model had its opening animation and UV mapping also done within
Blender. Each page is a two-faced plane, and the animation is performed by rotating
each page sequentially while having the center of the flyer as a pivot point. Even though
the original animation includes a Deform property on each plane as a means to give it a
more realistic look, this is not supported by Unity, and therefore it cannot be imported
into it by default. A specific Blender external plugin was tested to deal with this problem,
which basically exported the animation information for each mesh point and reimported
it as a distinct animation, but an acceptable result failed to be achieved. Thus, the pages’
Deforms were not carried to Unity, resulting in them being flat. A texture template, which
is composed of bordered images, texts, and titles relative to a certain POI, was made
using Photoshop for the purpose of facilitating the creation of further flyers” textures. The
model’s pages” UVs were subsequently mapped into this texture’s layout. The created
model and its characteristics within Blender can be better visualized in (fig. 4.5). The final
flyers do not have blank middle pages, like in this figure, as their textures have an image

on the far right as well.

Figure 4.5: 3D flyer model created, animated, and UV mapped using Blender
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Secondly, the mentioned default flyer Prefab, in addition to the three-dimensional model,
also includes all the elements that form the quiz inside the flyer and a script that controls
its behavior. This script gives the possibility of writing a question and three answer
options within the Unity inspector” while also updating the quiz in editor mode for better
visualization. Moreover, the texture can be assigned to the entire model by adding it in the
inspector as well. Finally, a checkmark was also added in the inspector after each answer
option in order to identify which one is correct. These checkmarks were implemented to
be mutually exclusive to help avoid mistakes.

In summary, in order to create a new flyer, a copy of the default flyer needs to be made.
Then, the question and answer options need to be written in their corresponding text boxes
within the copy’s inspector. Finally, the correct answer option needs to be checkmarked,
and the texture, which can be created using the template, needs to be assigned, both in
the copy’s inspector as well.

Additional Setup

In order to start using Geospatial Creator in Unity, two external packages need to be in-
cluded in the project: ARCoreExtensions for Unity and Cesium for Unity. These packages
were both previously described in Subsection 3.4. After that, several project settings also
need to be ajusted®. From here, a new Google Cloud project needs to be setup by enabling
the necessary APIs. These are the ARCoreAPI and the MapTilesAPIL. Subsequently, a
API key for that Google Cloud project needs to be generated and added to both the AR-
CoreExtensions in the project settings of Unity and the Cesium Georeference component.
This component is present in a mandatory GameObject that needs to be instantiated into
the scene and is identified as AR Geospatial Creator Origin. This GameObject serves as the
reference for other elements in the scene and is responsible for converting the real-world
position of anchors into game space coordinates while also loading the three-dimensional
map tiles for visualization in the editor. Furthermore, other mandatory components also
need to be included in the scene, such as the ARCore Extensions, AR Anchor Manager, AR
Earth Manager, AR Streetscape Geometry, and finally a script that deals with the request for
the device’s GPS permissions. From this point on, each flyer can be manually positioned
by first adding a AR Geospatial Creator Anchor component to it and prompting its real-world
coordinates. Moving the flyer within the Unity scene automatically updates the anchor’s
real-world coordinates as well. At the same time, the three-dimensional representation of
the map in the editor helps to better position each flyer without having to worry about its
exact coordinates.

Interaction

With the flyers already anchored in their POIs’ locations, a flyers manager component was

7Unity’s Inspector Window is a view within the editor that allows a user to edit the properties of almost
any Unity component, including the ones associated with GameObjects/Prefabs.
8Geospatial Creator Quickstart for Unity
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created. This component is responsible for hiding or showing flyers based on their distance
to the player and also based on whether their respective quiz was already answered or
not. The first is achieved by periodically invoking a function that checks for nearby flyers
by using a stationary Spherecast with the desired radius. The second is achieved by using
the data persistence system to save and load a file containing the IDs of answered flyers.
In order for the player to know in which direction to walk to get to each available flyer, a
compass is included as a Ul element at the top of the screen. The compass displays all four
cardinal points along with a symbol for each available flyer and its respective distance.
The position of each flyer’s symbol within the compass and its distance to the player is

calculated using the following expressions:
d= Flyer(y,,z) — Cameray,, ) distance = ||3||

0= atan2(3<x,z) X camera?orward(xlz),E(xlz) . cameral?orward(xlz)), -n<O0<m

2+ 0 compassWidth = clampedPos
,—1)) Posy =
fov 2

clampedPos = min(1, max(

Whenever a player gets near an unanswered flyer, this flyer gets revealed, and the player
is then able to click on it to open it, triggering the opening animation. The click action is
once again evaluated by performing a Raycast from the touched screen position. While a
flyer is visible and closed, it is animated by constantly hovering up and down, using linear
interpolation based on a sine function, and rotating over itself. While a flyer is visible and
opened, it gets assigned a billboard effect so as to always be facing the player and allow
for a closer view depending on the direction the player is looking.

Upon opening a flyer, the player is then able to read and try to answer its respective
quiz. The flyers” quizzes are fully composed of Ul elements, and their answer options are
buttons that the player can click on. Naturally, the buttons can only be clicked when the
flyer is in the open state. After choosing an answer option and clicking on its respective
button, the buttons change color based on the correct answer. If the player clicks on the
correct answer, then its button turns green. On the other hand, if a player clicks on the
wrong answer, then its button turns red, and after a short delay, the correct answer’s
button turns green. This way, immediate feedback on answers is enforced, and the quiz
maintains its relevancy as a learning interaction. After answering a quiz, its ID gets saved
in the answered flyers file, and therefore its respective flyer disapears after a delay.

This interaction can be visualized in (fig. 4.6), where there can be seen on the left a
closed flyer, in the middle the opened flyer information, and on the right the opened flyer
quiz after choosing a wrong answer. Additionally, all the created flyers can be seen in
Appendix C.

4.1.5 Miscellaneous

Some additional minor features, which are common to more than one interaction, were

also implemented, and they are explained below:

54



4.1. ARINTERACTIONS
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Figure 4.6: AR Geospatial Flyers Interaction

Audio Manager

This feature contains a script with a Singleton class. Singleton is a design pattern that makes
the class have a singular static instance present at any moment, which is therefore globally
accessible from any other script. This class is used as a container for all the sound effects
that can be played across the whole project. Each sound effect has a name, a correspondent
audio clip, a defined volume, a loop toggle, and a repetition timer. Thus, this feature
offers other scripts the possibility to only call one function in order to play a sound effect
by name. Furthermore, the sound effect can be either played normally on top of the player
or at a determined world position.

Interaction Positioning

This feature is achieved by using a standard AR Tap to Place procedure that requires the
AR Session Origin to contain both a plane and raycast managers. It essentially starts by
detecting planes in the environment captured by the device’s camera and allows the
player to visualize a placement indicator on top of these planes where the player might be
pointing the device. After tapping the screen, the interaction is placed in the indicator’s
position and this feature gets disabled.

Debug Logger

This feature was implemented in order to write relevant information on the screen during
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testing on a mobile device. Each log is written in a new line within a ScrollView?, allow-
ing navigation through all the logs. Furthermore, the texts of each log fade in and out

depending on whether new logs are being written or if the user is scrolling through them.

Information and Instructions Foldout

This feature is composed of a Ul button positioned in the top right corner of the screen that
serves as a toggle for a large ScrollView® centered in the screen, which forms the desired
foldout effect. This button, when the foldout is closed, has a standard Info symbol, and
when it is open, has an X symbol. The player can also close the foldout by clicking any-
where outside its perimeter. Some other features stop reacting to player’s screen touches
whenever the foldout is open. This is done to avoid any undesired behavior and in order
for the player to feel in control. Each interaction has its own content in its respective foldout
ScrollView, which includes their specific step-by-step instructions. Additionally, puzzles
display a preview of their image, quizzes present a preview of the interaction itself for eas-
ier comprehension, and the balloon pop has a list with a preview of all the balloons that can
appear from the portal. The three mentioned foldouts can be better visualized in (fig. 4.7).
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Figure 4.7: Information and Instructions Foldouts - Puzzle / Quiz / Balloon Pop

Task Completion Popup

After an interaction sends its specific information to the mission system to be processed,
there is the possibility of certain tasks being completed at that instance. Therefore, when-
ever a task gets completed during an interaction, an animated UI element slides in from
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the right, displaying "Task Completed!"as a message to inform the player of this event.
After a brief pause, this Ul element slides back out of the screen.

Timer

This feature is composed of a text UI element that uses a digital-style font. It has a be-
havior controller script that allows for its standard utilization as a clock, chronometer, or
countdown timer. Both the puzzles and the balloon pop interaction use it as a chronometer.

Back Button

The standard back button is in the top right corner with a back-arrow symbol, which

allows the player to exit the interaction at any given moment, so it feels in control.

Data Persistence System
This system is responsible for handling the saving and loading of files to and from the
internal file system of the device. The directory path where the files are saved into is
retrieved from a function that returns the device’s default application persistent data path.
Additionally, the specific file name and the directory path are combined using a function
that also uses the device’s default delimiter. This is the conventional approach, and it
makes the saving and loading of files independent of the device the system is running on.
Each file has an associated class, which contains all the desired variables to be persisted,
and inherits from the abstract class Data. The system then has a static class that offers
globally accessible functions that save and load these files. These functions are of the
generic type T that is required to be from Data inheritance. The data classes are serialized
and deserialized to and from JSON. Two used variable types that are not serializable
by default had a custom version implemented by using the ISerializationCallbackReceiver
interface, which allows to write a function that is called before serializing the class and
another after desirializing it. The first type is the Dictionary that is converted into two
seperate lists, one for the keys and other for the values. The second type is the Sprite that
is converted into a texture that is then encoded to png bytes.

4.2 Mission System

The mission system developed can be divided into three components. The first component
is the mission graph creation tool, which offers built-in interfaces to easily create and
manage, without writing code, all of the elements necessary to produce the missions. The
second component is the mission graph interperter, which draws on the information from
the elements created using the tool to generate the actual missions, manage them, and
deal with their progress’ tracking. Finally, the third component is the missions interface,
which is responsible for displaying all the desired information to the player while also
allowing it to advance within the missions by collecting the finished ones.
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4.2.1 Mission Graph Creation Tool

During the design phase described in Subsection 3.3.2, it was determined that, in order to
generate the desired missions, three main elements sufficed. A graph in which each node
represents one mission, the tasks that are required to be performed in each mission, and
the rewards that the player receives after completing each mission.

Consequently, two separate interfaces were made for each of these elements. The
first is for their management, and the second is for their creation. All six interfaces were
implemented using Unity’s UI Toolkit’, which basically allows to override how certain
serializable objects get displayed in the inspector” while also enabling the creation of
independent windows and the integration of all available UI elements into them.

The management interface windows created are very similar to each other. They are
the main interfaces that allow to visualize, edit, delete, and open the creation window for
each of the three aforementioned elements. Because of this, they are also introduced into
Unity’s own Windows menu in order for them to be opened from there. Each management
window is separated into two sections. The first section, visualized on the left, presents
a list with all the existent created elements of its respective type. The second section,
visualized on the right, starts by being empty and prompting the user to select an item
from the first section’s list for it to be displayed. After selecting an element of a determined
type on the list, it is then displayed in the right section. This allows for the editing of this
element and offers the option to delete it as well. Additionally, in the left section, there
is also a button to create a new element of that determined type, which, when clicked,
opens the respective creation interface window. One of the manager interface windows
can be visualized in (fig. 4.8), where it shows the view after selecting an element from
the list. The other two manager interfaces are very similar to this one, since they have the

same structure and components but only display a list and a view of different elements.
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Figure 4.8: Tasks Manager Interface

Finally, another similar aspect of the three elements is that after they are created, they get
their information stored using ScriptableObjects. These are assets saved in the project’s

9Unity UI Toolkit Documentation - last accessed: 03/2024
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database that serve as great data containers that are independent from class instances.

Tasks

The task creation interface allows to write the name, calltag, and display text of a task in
their respective text boxes. The name of the task does not need to be unique because when
a task is saved, if there is already a task in the asset database with the same name, then it
gets assigned a new standard name using the number of tasks created (Task#). The calltag
of the task is the value used when sending information to update tasks, and it serves to
allow for task type grouping so the mission system does not try to update all active tasks,
thus making it more efficient. The display text of the task is the text used in the interface
to inform the player of the task’s objective. It allows to also reference variables in it, so
their value will show up in the missions interface as well.

Moreover, the task creation interface also has a section to specify the necessary variables
in a list for the task’s functionality. As described in Subsection 3.3.2, there are two types of
variables: Accumulative and Requisite. In order to allow a user to insert these variables,
choose their type, and have their prompts change depending on their type, a Custom
Property Drawer had to be implemented. There is a button that adds new variables to the
visualized list, and each variable includes a button to remove it from the list. Each variable
has a text box for its name and a drop-down that allows to choose its type. Accumulative
variables also have a prompt for their minimum and maximum values, and requisite
variables have a prompt for their value and check boxes to choose which type of limit they
represent. These variables are implemented as subclasses of a abstract class TaskVariable
and is relatively simple to later add new variable types if necessary. Furthermore, a quality
of life button is also included to automatically add all variables between brackets in the
display text to the variable list.

The task creation interface, with an example task inserted into it, can be better visualized
in (fig. 4.9), where it can also be seen that it includes some informatory texts in each
section.

Rewards

The reward creation interface allows to directly insert a desired display image to represent
the reward in the missions interface. This was done with a Sprite property field input.
Another Custom Property Drawer was implemented in order for the Sprite chosen by the
user to display a preview on the creation interface as well. Furthermore, for the reward’s
collection, an event pattern was used. It was thought that a well-implemented game
would usually already have functions to deal with the collection of items or the increment
of in-game values like points, gold, etc. Therefore, the event pattern in Unity offers input
for various event listeners, each allowing to choose a script and having a section to select
a function from that script and prompting the necessary parameters for it. Whenever the
reward gets collected, this event is triggered, and all the listeners are called.

The reward creation interface, with an example reward inserted into it, can be better

visualized in (fig. 4.10).
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Figure 4.10: Reward Creation Interface - filled out with an example reward
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Mission Graph
The mission graph creation interface uses Unity’s Experimental GraphView in order to
allow the user to zoom in and out, move the view, add or remove nodes, drag nodes, and
create or delete edges between nodes. The interface includes a name text box and a button
both in a toolbar. The latter allows to add new nodes to the view by clicking on it. Each
node, which represents a single mission, then has a prompt for its name, the necessary
ports for linking sequential nodes, a list of tasks, a list of rewards, and checkboxes to
determine if they are normal, a lock, and/or a key. In case the user determines that a
certain mission is a lock and/or a key, new ports are displayed in order for the user to
link the lock nodes with their respective key nodes. The graphs are saved as a list of
edges, which includes both the sequential links and lock and key links, and a list of nodes,
which each include all their respective mission’s information. The nodes additionally save
information about their position within the view in order for the graph to be reconstructed
correctly when the user goes to edit it later.

The mission graph creation interface, with an example questline inserted into it, can
be better visualized in (fig. 4.11).

Puzzle Master  Save | New Node

Figure 4.11: Mission Graph Creation Interface - filled out with an example questline

4.2.2 Mission Graph Interpreter

The mission graph interpreter offers the possibility for users to choose which of the created
mission graphs are used for the active questlines and the daily quest, while also allowing
them to choose which tasks are used for the achievements. Since, as previously described,
these elements are stored in ScriptableObjects, this is achieved by having lists for their
insertion in the inspector. The daily quest also prompts the hour at which it will be
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reset every day, and the achievements also prompt a Sprite for their icon displayed in the
missions interface.

The interperter is then responsible for converting the information in these Script-
ableObjects into the actual quests and achievements, which get stored in the internal file
system using the data persistence system described in Subection 4.1.5. Subsequently, the
interpreter also tracks all of the active tasks” progress. This is accomplished by using the
Singleton pattern that allows to have a singular static instance of the interpreter present at
any moment, which is therefore globally accessible from any other script. Then, it offers
a progress public function that receives a calltag and a list with a variable number of
parameters that contains all the necessary information to update the desired tasks. The
tasks get updated internally, meaning that the interpreter sends the mentioned list to the
tasks corresponding to the correct calltag. Inside the task, firstly, all the requisite variables
are checked. A task does not progress if there is any requisite variable missing or if a
requisite variable is not within the specified limits. Secondly, if all requisite variables
were met, then the accumulative variables present in the list get incremented into their
respectives in the task.

Whenever a task gets completed, it is checked if all tasks within the same mission
are also completed, and if so, the mission gets completed as well. This changes the
mission’s view in the interface and allows the user to click on a button to fully finish the
mission and collect its rewards. Whenever a mission gets finished, all its rewards get
their respective collection events triggered. After that, the interpreter tries to activate any
existing sequential missions that were linked to the finished one, taking into consideration
not to activate missions that are already activated. Furthermore, if the finished mission
was a key, then the interpreter also tries to unlock its corresponding lock missions. A
mission only gets unlocked if all its respective key missions are finished. Furthermore,
every time a task gets activated, its accumulative variables’ final values are calculated
between their minimum and maximum values based on the player’s skill level, which

uses the averages between all the difficulty scaled interactions.

4.2.3 Interface

The developed missions interface allows players to visualize all active missions, their
respective tasks, and also the player’s progress in those tasks. Additionally, players are
allowed to finish completed missions and collect their rewards by clicking a button. The
interface presents three pages. The first is for the daily quest, the second is for the main
quests, and the third is for the achievements. The first two pages, which present the quests,
also allow players to open and close quest’s containers as a folldout, displaying only their
headers when closed, as an option for better organization. The player is able to switch
between the three pages by either swiping left and right on the screen or by clicking on
each tab located at the top of the screen. The structural design of the interface was, as

described in Subsection 3.3.2, inspired by another game. However, its visual appearance
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took into consideration the base platform’s color scheme, textures, and icons in an effort
to effectively blend in.

The three pages are positioned inside a horizontal Scroll View® and each of the pages has
its own vertical ScrollView. Since the horizontal one is meant to switch between pages and
Unity only supports unrestrained scrolling by default, a script was included to adjust the
scrolling experience. This script snaps the more visible page to the middle position when
the player stops swiping. The snapping is done smoothly by using linear interpolation.

As Unity does not support stacking ScrollViews on top of each other by default, since
the one in front blocks the engagement with the one on the back, a nested scroll solution
was implemented. This solution essentially transmits the scroll’s touch information to all
parent ScrollViews whenever the player tries to scroll in an orientation that is not the same
as the touched ScrollView. This way, the player is able to scroll horizontally through the
pages even though it is touching their vertical scrolls.

All the main components present in the interface have their own independent Prefab that
includes both a positioning layout and a content size filter. The first adjusts the positioning
of each item in its respective container so it is aligned and correctly spaced in relation
to other items. The second automatically changes the container’s dimensions depending
on the size of the items currently in it. This means that when these components are
instantiated at runtime, inside their respective containers, all the content gets dynamically
aligned and spaced correctly.

The interface can be better visualized in (fig. 4.12) and the mentioned main components

that compose it are briefly described below:

* Questlines are instantiated in the page’s container. They have a header with the
questlines’s name and an arrow. When the header is clicked, it opens or closes the
questline’s container, also turning the arrow. When a questline is finished, it only
displays the header and a check mark instead of the arrow.

¢ Missions are instantiated in the questline’s container. They only present their name.
When locked, they additionally present a lock above them.

¢ Tasks are instantiated in the mission’s container. When in progress, they are blue
and present the objective text and a completion percentage. When completed, they
turn green, and the percentage turns into a checkmark.

e Rewards are instanciated in a banner’s container, which is instanciated in the
mission’s container after all the tasks. When in progress, the banner is blue. When
completed, the banner turns green and displays a button that, when clicked, finishes

the mission.

¢ Achievements are instantiated in the page’s container. When in progress, they are
blue and present the title, objective text, completion percentage, and an icon. When
completed, they turn green, and the percentage turns into a checkmark.
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5

EvarLuaTiON AND REsuLTS

This chapter starts by presenting the evaluation methods used and some studies that
helped formulate them. Following that, the usability tests performed for both the main
solution and the Unity tool have their results presented, analyzed, and discussed.

5.1 Evaluation Methods

Since the primary goal of this work involves increasing users’ engagement, motivation,
and satisfaction regarding the platform, it is especially important to perform usability
tests when evaluating the different solutions.

This section describes the protocol followed during the performed usability tests, along
with a brief analysis of some research studies that helped design these tests and their
associated questionnaires.

5.1.1 Protocol

Some studies were analyzed in order to help define the final structure of the usability tests
that needed to be performed. All while taking into consideration this work’s scenario of
being an AR application in the context of cultural heritage.

A. Dunser and M. Billinghurst [17] discuss the possible problems that can be encountered
when evaluating AR applications. They also describe different approaches to evaluating
guidelines and conclude that no set of guidelines is appropriate for finding low-level
design problems in every case. Therefore, the first step should be to decide which mean-
ingful heuristics and guidelines will be considered. It is also explained that qualitative
evaluation approaches are most suited to test user experience.

With this in mind, to help define these heuristics and guidelines, another study that
matches this work’s scenario was looked into. S. Sylaiou et al. [53] show the results
from evaluating ARCO, a cultural heritage AR game. They provide both a qualitative
and quantitative analysis of the results and describe which metrics were used for the

evaluation.
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With the structure of the usability tests already roughly designed, a target number
of test subjects should be determined for a credible final result analysis of the developed
solution. K. Caine [8] presents research on user studies sample sizes in a multitude
of Cumputer-Human Interaction (CHI) manuscripts, along with offering transparency
on local standards within the CHI community. He concludes that the most common
reported sample size across all regarded studies was 12, by a considerable margin. This
way, providing insight on a feasible, minimum sample size goal for the usability tests

performed in this work.

With everything taken into account, a minimum of 12 usability tests should be performed.
These tests would rely on the following of undescriptive tasks, heuristic evaluation, and
questionnaire answering, inspired by the aforementioned studies. There would also be
the possibility of performing behaviour recording and using the "think aloud"method to

further document and assess each users’ performance and amusement.

5.1.1.1 Questionnaires

After performing each set of undescriptive tasks, the participants are usually required to

answer questionnaires in order to evaluate various aspects of what they have just tested.

System Usability Scale (SUS)
J. Brooke [7] proposes the System Usability Scale (SUS) as a tool to evaluate the usability of
products or services. This tool consists of a series of 10 affirmations where the participants
are prompted to answer whether they agree with them or not, having to choose an option
within a 5-Likert-scale measurement, ranging from (1)Strongly Disagree to (5)Strongly Agree.
In order to evaluate the results of a SUS questionnaire, the researchers need to follow a
simple process. Firstly, subtract 1 from the odd-numbered affirmations answer value, and
then subtract the even-numbered affirmations answer value from 5. Secondly, add the
values obtained of all the participant’s answers and multiply them by 2.5. The final value
will range between 0 and 100 but it does not reflect a percentage of the system’s quality.
The average value of a SUS questionnaire is 68 points out of 100, so any value below 68 is
below average and any value above this is above average.

The 10 original affirmations that compose this questionnaire and were subsequently

used are replicated in Annex L.

User Experience Questionnaire (UEQ)

M. Schrepp et al. [48] propose the User Experience Questionnaire (UEQ) as a tool to
measure both classical usability aspects, like efficiency, perspicuity, and dependability,
and user experience aspects, like attractiveness, stimulation, and novelty. This tool consists
of a series of 26 pairs of oposite adjectives, 6 to measure attractiveness, and 4 to measure
each of the other mentioned aspects. Participants are prompted to answer within a 7-scale
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ranging from one adjective to its correspondent opposite. For example, from Annoying to
Enjoyable. In order to evaluate the results of a UEQ questionnaire, the development team
also provides a data analysis tool that automatically divides each participant’s 26 entries
into their respective aspects and performs some standard statistical calculations. They
also offer a benchmark, which is updated every year, in order to compare the obtained
results with other product evaluations.

The 26 original pairs of opposite adjectives that compose this questionnaire and were

subsequently used are replicated in Annex II.

Custom Questionnaires

In order to further evaluate specific qualitative aspects of the solution, certain questions
can be asked relative to each particular tested feature, while taking into consideration
the aforementioned significant heuristics. Reiterating, it is important to assess these
qualitative aspects that correlate to the test subjects” opinions since the main goal of the
solution is to increase their drive to use the application. Much like the SUS questionnaire,
when possible, these questions should be shifted to an affirmative statement format, where
the participant uses the 5-Likert-scale measurement to answer. This format is believed
to make participants feel more confident in their decisions during the testing process
while also minimizing response biases and errors. Additionally, this time, contrary to the
SUS questionnaire, only positive items will be included. Since including both positive
and negative worded items can lead to mistakes and there is no significant difference
in response bias between positive and negative items, this makes using only positive

affirmations more reliable [47].

5.1.1.2 Procedure

Two distinct usability tests were ultimately designed, one for the main solution, which
incorporates all the AR interactions and the missions interface, and another for the
developed Unity mission system tool. The two tests followed an identical structure, which
is described below:

To carry out each test, the presence of two elements was necessary: the facilitator, who
supervised the tests, and the volunteer, who performed the tests. Some test sessions took
place in person, while others were done online, with the help of a videoconferencing
platform to allow communication between the two parties and for the volunteers to be
able to share their screen with the facilitator.

Each session starts by explaining or having the volunteer read an explanation of the
test’s context along with a brief description of what he was going to be put through and a
consent form, which can be seen in Appendix A. After consenting to participate in the test,
the volunteer is then presented with a demographic profile fill-out form, which collects
information for statistical purposes only.
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Subsequently, the volunteer then goes through a series of groups, which are composed
of a set of undescriptive tasks followed by a set of quantitative and qualitative questions,
as described before. A few of those groups also include some information that might help
clarify any volunteers” doubts without compromising their valuable, unbiased experience
and answers.

Finally, the volunteer is presented with the standard and custom questionnaires previ-
ously described in Subsection 5.1.1.1. Regarding the standard ones, the main solution test
exhibits both the SUS and UEQ questionnaires while the mission tool test only exhibits

the SUS questionnaire.

5.2 Main Usability Tests

These main usability tests aimed to evaluate the final implemented state of the system,
which was described in detail over the course of Chapter 4. This includes all the AR
interactions and the missions interface.

The form used to guide the flow of the tests is divided into various sections, each
relative to a different interaction to be evaluated. Each section, except three specific ones,
is subsequently constituted by its respective description, a set of undescriptive tasks to
be performed by the volunteer, a questionnaire that allows for the gathering and storage
of all the necessary data for a final analysis of the test results, and finally, two text boxes
where the volunteer can record its opinion about positive aspects and aspects that need
improvement regarding the tested section. These latter mentioned text boxes were also
sometimes utilized by the facilitator in order to document relevant user behavior in some
cases for later analysis. The aforementioned three sections that stray from the format
described are the ones that contain the custom and standard questionnaires laid out in
Subsection 5.1.1.1. The last two of these three sections correspond to the SUS questionnaire
and the UEQ respectively.

For these tests, a demonstration version of the system was made that allowed users
to launch any interaction from a main menu. This made it so the test subjects would
not have to follow any itineraries and move between locations during the tests, since this
was not relevant for this work’s evaluation and was also already previously tested by one
of the authors of the base platform. Furthermore, interactions that would normally use
contents prompted by users in the narrative creation interface had them withdrawn from
a predefined set of contents just for the purpose of the tests.

Lastly, in these tests, great success can be considered achieved if the volunteers, after
finishing all the tasks and answering the questionnaires, unbiasedly ask if they can
experience going through more interactions. The correctness of difficulty adaptability
based on user profiling calculations is also evaluated using these tests, since an unbiased
player is needed to weigh the difficulty level of both the AR interactions and missions’
tasks.
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5.2.1 Participants Demographic Profile

A total of 17 volunteers participated in this study, meeting the aforementioned minimum
requirement of 12 participants. As seen in (fig. 5.1a), these volunteers ranged in age from
18 to 39 years old, with an average of 23,76 and a standard deviation of 4,09. Out of the 17

participants, 13 were male and 4 were female.

As seen in (fig. 5.1b), the majority of the volunteers did not have high experience with
AR, with only one choosing an option higher than average. Additionally, in (figs. 5.1c
and 5.1d), it can be seen that the majority of volunteers were avid gamers, playing games
weekly or every day, and that the most preferred game modes were single-player and

player-versus-player.
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Figure 5.1: Participants” Demographic Profile Graphs - Main
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5.2.2 Tests and Results Analysis

The following subsections will go over each section of the aforementioned form, following
its structure. In each one, a description of the tasks the volunteers were inquired to
perform and of the respective questionnaires they had to answer is given. Following that,
the results are presented along with their analysis and observations made by both the
volunteers and the facilitator. Finally, the results are also discussed.

The questionnaires presented in the first four sections have a very similar structure.
The first affirmation is regarding whether the volunteer was able to complete the puzzle
and has three answer options. Either the volunteer was able to successfully perform the
tasks without help, or it was able to do them with help, or it was not able to complete
them. The following affirmations are relative to how the volunteer perceived certain
aspects of the interaction and are answered on a 5-point Likert scale, with the exception
of one question, which required inserting how many times the volunteer performed the
interaction as a means to better understand its answer in the affirmation that immediately

follows it.

5.2.2.1 Section S1- AR Jigsaw Puzzle

In this section, it was intended that volunteers would go through the AR Jigsaw Puzzle
interaction. In order to guarantee that the volunteers would experience all the possible
events during this interaction, they had as an objective to perform the following tasks:
Consult the help information; Position the mini-game on the floor in front of you; Select a
piece and try to position it incorrectly; Complete the puzzle in question by positioning all
the pieces correctly; Collect the reward that appears after completing the puzzle.

After the volunteers performed all the tasks, they then were required to answer the

following questionnaire:
¢ 51Q1 - I was able to complete the puzzle.
* 51Q2 - The navigation through the piece list was intuitive.
* S1Q3 - It was clear how to select a piece and position it on the board.
* S1Q4 - I was able to understand when I was trying to position a piece incorrectly.

* S1Q5 - The increment in time when I tried to position a piece incorrectly was
noticeable.

¢ 51Q6 - How many times did you perform this interaction?

* S1Q7.1 - After performing this interaction an indeterminate number of times, I

found that its difficulty adapted well to my profile.

¢ §1Q7.2 - I only performed the interaction once and found the initial difficulty
appropriate.

70



5.2. MAIN USABILITY TESTS

e S1Q8 - I found this interaction attractive.

According to the results seen in Table 5.1, all the volunteers were able to complete
the puzzle (51Q1) and, therefore, the interaction itself, with only one volunteer needing
help from the facilitator. Overall, the basic engagement with this interaction (51Q2, S1Q3)
showed positive results. The volunteers were able to choose pieces from the list and place
them in a desired position on the board. The first has a median of the highest value.
However, the latter shows a lower result with an average below four. Additionally, the
feedback the volunteer receives when trying to position a piece incorrectly on the board
(5104, 51Q5) also showed positive results, both with a median of the highest value. Once
again, the latter shows a little more variance in its answers, with a lower average as well.
Although the starting difficulty (51Q7.2) was considered by volunteers to be appropriate,
its scaling (51Q7.1) presented the lowest results, having the lowest median and an average
lower than three. Finally, the final affirmation regarding the overall satisfaction of the
volunteer and the attractiveness of the interaction (51Q8) showed a great result, with a

median of the highest value and an average superior to four and a half.

Table 5.1: Section S1 Questionnaire Results

$101 | Participants(#) 51Q6 | Participants(#)
Once 8
Yes 16 Twice 2
Yes, with help | 1 Th .
No 0 ree .tlmes 3
Four times | 4
Quest. | Mean Std. Med. 1stQ. 3rd Q.
S1Q2 482 0.38 5 -0 +0
S10Q3 3.94 0.87 4 -1 +1
S10Q4 494 0.23 5 -0 +0
S1Q5 417 0.98 5 -2 +0
S1Q7.1 | 267 1.05 3 -1 +0
S1Q7.2 | 412 093 4 -0 +1
S10Q8 459 0.49 5 -1 +0

Observations

During this interaction, it was observed that some volunteers did not read the instructions
provided in the information foldout, preferring to try and discover how to proceed by
themselves. This led to some also trying to drag pieces from the list instead of clicking on
them.

In relation to positive aspects, the volunteers wrote observations on how the images
were of good quality and that the whole AR interaction felt like a game. On the other
hand, in relation to aspects to improve, volunteers wrote how the opacity of the board
would be better if increased, that there should additionally be a dragging functionality,
and that the time increment was only somewhat noticeable and that it should include
the time unit representation. Finally, there were volunteers who suggested that both the
starting and subsequent difficulties could be higher.
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Discussion

The mentioned lower results in question (S1Q3) are considered to come from the volunteers
trying to drag the pieces instead of clicking on them. This behavior is due to them not
reading the instructions. However, since for some of them, dragging was the first instinct,
it does make sense that this should be an included feature.

Concerning the difficulty (5S1Q7), volunteers made it clear that, for this type of puzzle,
the difficulty could be higher, meaning that they preferred a puzzle divided into more
pieces. The difficulty system is based on the time the player takes to complete the puzzles
and reduces the difficulty if the player is very slow. In this case the difficulty was reduced,
but volunteers felt like they did not mind to spend more time constructing a larger puzzle.
This is both a negative and positive aspect, since it shows that the difficulty system is not
well calibrated, but at the same time, that volunteers found the interaction enjoyable. This
argument is reinforced in the last affirmation (51Q8), which shows that the volunteers did

in fact find the interaction attractive. In conclusion, the difficulty should be increased.

5.2.2.2 Section S2 - AR Sliding Puzzle

In this section, it was intended that volunteers would go through the AR Slidind Puzzle
interaction. In order to guarantee that the volunteers would experience all the possible
events during this interaction, they had as an objective to perform the following tasks:
Consult the help information; Position the mini-game on the floor in front of you; Complete
the puzzle in question by moving all the pieces to their correct position; Collect the reward
that appears after completing the puzzle.

After the volunteers performed all the tasks, they then were required to answer the

following questionnaire:
¢ S2Q1 - I was able to complete the puzzle.
* 52Q2 - How many times did you perform this interaction?

* 520Q3.1 - After performing this interaction an indeterminate number of times, I

found that its difficulty adapted well to my profile.

* 520Q3.2 - I only performed the interaction once and found the initial difficulty
appropriate.

e S204 - I found this interaction attractive.

According to the results seen in Table 5.2, all the volunteers were able to complete
the puzzle (S2Q1) and, therefore, the interaction itself. This time, two volunteers needed
assistance from the facilitator. Since this interaction’s only engagement with the puzzle
revolved around clicking on it, there was no specific question regarding basic engagement
or feedback. Similarly to the previous puzzle, the volunteers gave the starting difficulty
(52Q3.2) a better score than its adaptability (5S2Q3.1). The first has a median of four, and
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the second has a median of three. The overall results for the difficulty of this puzzle,
although still positive, were not great. Finally, the final affirmation regarding the overall
satisfaction of the volunteer and the attractiveness of the interaction (52Q4) showed a
positive result. With a median of four, volunteers found this puzzle attractive, but not as
much as the previous one. This can also be seen in question (52Q2), where it shows that
the volunteers went through the interaction fewer times overall.

Table 5.2: Section S2 Questionnaire Results

S201 ‘ Participants(#) 52Q2 ‘ Participants(#)
Once 7
Yes 15 Twice 5
Yes, with help | 2 .
Three times | 5
No 0 .
Four times 0
Quest. | Mean Std. Med. 1stQ. 3rd Q.
S$2Q3.1 | 290 0.70 3 -1 +0
S2Q3.2 | 385 124 4 -0 +1
S20Q4 411 0.83 4 -0 +1
Observations

During this interaction, the same volunteers who did not consult the instructions continued
to do so. It was also observed that one of the volunteers did not recognize this type of
puzzle from the get-go, not understanding exactly how to solve it. However, the volunteer
did figure it out quickly after reading the instructions. It was also observed that in this
puzzle, although the pieces are moved by clicking on them, some volunteers were doing
a sliding motion.

In relation to positive aspects, the volunteers wrote observations on how this type of
puzzle requires more brain usage to solve, serving as a good mental exercise. However,
other volunteers wrote this exact observation as an aspect to improve, not enjoying the
inherent difficulty of the puzzle, and some even finding it annoying.

Discussion

Although this interaction showed a slightly lower result regarding its difficulty, this is
believed to be related to the inherent difficulty of the puzzle type itself. Therefore, it
might be better if this puzzle maintained its starting size for a wider range of times while
still allowing interested players to be capable of achieving higher levels. Additionally,
something should be included to increase this puzzle’s appeal.

The second observation made, regarding the volunteer who did not recognize this
puzzle type, shows the usefulness of the information and instructions foldout. Addition-
ally, regarding the volunteers who were doing a sliding motion instead of just clicking,
which was the intended action, this did not impose any problems. Due to this type of
puzzle only allowing pieces adjacent to the empty space to be moved into its position,
this means the pieces are only able to move in one direction at any given time. Therefore,

there is no relevant or noticeable difference between sliding a piece or clicking a piece.
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5.2.2.3 Section S3 - AR Balloon Pop

In this section, it was intended that volunteers would go through the AR Balloon Pop
interaction. In order to guarantee that the volunteers would experience all the possible
events during this interaction, they had as an objective to perform the following tasks:
Consult the help information; Position the interaction on the floor in front of you; Complete
the mini game by popping the target number of balloons; Collect the reward that appears
after completing the mini game.

After the volunteers performed all the tasks, they then were required to answer the

following questionnaire:
¢ S3Q1 - I was able to complete the mini-game.
* 5§3Q2 - I found the dart throwing action well configured.
* S3Q3 - I found the different properties of each balloon to be evident.

* S3Q4 - I was able to have a good perception of the depth/distance at which each

balloon is located.

¢ S3Q5 - I found the number of balloons to be popped and the current pop count

explicit.
* S3Q6 - How many times did you perform this interaction?

* S§3Q7.1 - After performing this interaction an indeterminate number of times, I
found that its difficulty adapted well to my profile.

* §3Q7.2 - I only performed the interaction once and found the initial difficulty
appropriate.

® S308 - I found this interaction attractive.

According to the results seen in Table 5.3, all the volunteers were able to complete
the mini-game (S3Q1) and, therefore, the interaction itself. This time, contrary to both
the puzzles, none of the volunteers needed the facilitator’s intervention. Overall, this
interaction showed great results. The affirmations relative to the basic engagement with
the interaction (S3Q2, S3Q3, S3Q5) all have a median of the highest value. The volunteers
were able to throw darts and pop balloons in a satisfactory manner while understanding
their properties and at what relative distance they were located. Additionally, volunteers
found the mini-game’s goal quite explicit (53Q5), also having a median of the highest
value. Once again, similarly to the two previous interactions the volunteers gave the
starting difficulty (53Q7.2) a better score then its adaptability (S3Q7.1). The first has a
perfect score, with all volunteers agreeing that the starting difficulty was appropriate.
The latter is the only question to not score the highest value for the median. Finally, the
final affirmation regarding the overall satisfaction of the volunteer and the attractiveness
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of the interaction (S3Q8) showed the best possible result, with all volunteers completely

agreeing with the affirmation.

Table 5.3: Section S3 Questionnaire Results

$301 | Participants(#) 53Q6 | Participants(#)
Once 5

Yes 17 Twice 5

Yes, with help | 0 .
Three times | 5

No 0

Four times 2

Quest. | Mean Std. Med. 1st Q. 3rd Q.
S30Q2 494 023 5 -0 +0
S3Q3 429 0.89 5 -1 +0
S30Q4 435 1.02 5 -1 +0
S3Q5 447 1.03 5 -0.5 +0
S3Q7.1 | 442 049 4 -0 +1
$3Q7.2 | 5.00 0.00 5 -0 +0
S3Q8 5.00 0.00 5 -0 +0

Observations

No major observations were made by the facilitator during this interaction, besides the
fact that, taking into consideration the volunteers’ reactions, this was by far the most
engaging interaction. And that the same volunteers who did not consult the instructions

continued to do so.

In relation to positive aspects, the volunteers wrote observations on how they all around
really enjoyed this interaction. Additionally, one volunteer wrote that the trajectory of the
dart was well implemented and that it resembles reality. On the other hand, in relation to
aspects to improve, volunteers wrote how they would prefer to have a higher pop goal on
subsequent playthroughs. Moreover, one volunteer wrote that the pop count’s position
in the screen was not the best and there should be more clarity regarding the objective of

the mini-game.
Discussion

Even though the question regarding the difficulty adaptability (53Q7.1) had a great score,
because of the amount of observations on how there should be a higher goal, it can be
assumed that the high result was due to a bias since all the volunteers completely agreed
on the interaction being attractive. Therefore, the difficulty of further levels should be
increased, and the progression should be made easier by increasing the allowed time to

go up a level.

Although this mini-game, in this form, does not contain many elements related to the
work’s context, it showed amazing results regarding the satisfaction and engagement of

volunteers (S3Q8), solidifying the decision taken during the design phase.
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5.2.2.4 Section S4 - AR Quiz

In this section, it was intended that volunteers would go through the AR Quiz interaction.
In order to guarantee that the volunteers would experience all the possible events during
this interaction, they had as an objective to perform the following tasks: 1.Consult the help
information; 2.0bserve the question and the different answer options; 3.Select an answer
option; 4.Collect the reward if you answered correctly or Observe the correct answer if you
answered incorrectly; 5.Reopen the interaction and repeat tasks 2 to 4. This last task is for
the volunteer to be able to both see what happens when it wins or loses. Additionally the
facilitator intervened in task 3 to let the volunteer know which answer option to choose.
After the volunteers performed all the tasks, they then were required to answer the

following questionnaire:
* S4Q1 -  managed to find all the answer options.
* 5402 - I found the question and all the answer options readable.
* 54Q3 - I was able to select the answer options announced by the facilitator.
* S404 - I was able to understand when I chose a incorrect answer option.
* 54Q5 - I was able to understand when I chose the correct answer option.

* 54Q6- After answering the quiz incorrectly,  managed to figure out what the correct

answer was.
e S4Q7 - I found this interaction attractive.

According to the results seen in Table 5.4, all the volunteers were able to understand
they had to look around in order to find all the answer options (54Q1), with three of the
volunteers needing a slight help from the facilitator. Additionally, all the volunteers were
able to select the answer options announced by the facilitator during task number three
(54Q3), besides only one, which required help from the facilitator. Overall, the three-
dimensional text readability (54Q2) and the quiz’s feedback on the volunteers’ responses
(5404, 54Q5, S4Q6) showed positive results. The last mentioned question (54Q6), although
having positive results, with an average above three, stood out for having the worst answers
from the volunteers. Finally, the final affirmation regarding the overall satisfaction of the
volunteer and the attractiveness of the interaction (S4Q7) showed the worst results so far,
with only a median of three.

Observations
During this interaction, it was observed that some volunteers failed to, at first, understand
what was the correct answer option after failing the quiz.

In relation to positive aspects, the volunteers wrote observations on how the text is
easily readable and the movement of the answer options around the question is fluid.

On the other hand, in relation to aspects to improve, volunteers wrote that although
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Table 5.4: Section S4 Questionnaire Results

S401 ‘ Participants(#) $4Q3 ‘ Participants(#)
Yes 14 Yes 16
Yes, with help | 3 Yes, with help | 1
No 0 No 0
Quest. | Mean Std. Med. 1st Q. 3rd Q.
S4Q2 435 090 5 -1 +0
S40Q4 458 0.69 5 -1 +0
S$4Q5 423 087 5 -2 +0
S4Q6 347 114 3 -0.5 +2
S4Q7 335 0.83 3 -0 +1

they could understand when they chose a correct or incorrect answer option, they also
considered the feedback animation after choosing a answer option to be confusing.
Discussion

Even though there were some volunteers who were able to easily go through the interaction
without problems and understood all its gimmicks and animations, there were others who
were not able to do so. This was noticed specifically after failing a quiz, as mentioned in the
first observation. Some of the somewhat confused volunteers still managed to understand
whether they chose the correct or incorrect answer option, mainly due to the sound effects
and complementary animations besides the movement one. Therefore, taking inspiration
from a suggestion made by one of the volunteers, it would be more enjoyable for some
players to have static answer options instead of orbiting ones. This could be implemented

either by including it as an option or as a difficulty scaling feature.

5.2.2.5 Section S5 - AR Geospatial Flyers

In this section, it was intended that volunteers would go through the AR Geospatial Flyers
interaction. In order to guarantee that the volunteers would experience all the possible
events during this interaction, they had as an objective to perform the following tasks:
1.Move to the location of a flyer; 2.Get closer and open the flyer; 3.Observe the contents
of the flyer including the quiz presented; 4.Select an answer option; 5.0bserve whether
or not the selected answer option is correct; 6.Repeat tasks 1 to 5. This last task is for
the volunteer to be able to see what happens when it gets the answer right or wrong.
Additionally the facilitator intervened in task 4 to let the volunteer know which answer
option to choose.

After the volunteers performed all the tasks, they then were required to answer the

following questionnaire:
¢ 55Q1 - I was able to understand which direction to walk to get to each flyer.
* S§5Q2 - I was able to understand how to interact with the flyers.
* S5Q3 - I found the content on the cover and inside of the flyers to be readable.
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* 55Q4 - I was able to select the answer options announced by the facilitator.
* S5Q5 - I was able to understand when I chose a incorrect answer option.
* S5Q6 - I was able to understand when I chose the correct answer option.

* S5Q7 - After answering the quiz incorrectly, | managed to figure out what the correct

answer was.
¢ S5Q8 - I found this interaction attractive.

According to the results seen in Table 5.5, all the volunteers were able to understand
how to open a flyer (S5Q2), when they got to it, without any help from the facilitator.
Additionally, all the volunteers were also able to select the answer options announced by
the facilitator during task number four (55Q4). Following the included compass in order
to get to a flyer’s location (S5Q1) was intuitive for the volunteers, with the results having
a median of the highest value and an average of above four and a half. The readability of
both the cover and inside contents of the flyers (S5Q3) had even greater results with the
same characteristics. In contrast to the previous quiz interaction, this quiz’s feedback on
the volunteers’ responses (S5Q5, S5Q6, S5Q7) had a perfect score, with all the volunteers
perfectly understanding whether they chose a correct or wrong answer, and in the case
of choosing a wrong answer, understanding which was the correct one. Finally, the final
affirmation regarding the overall satisfaction of the volunteer and the attractiveness of the
interaction (S5Q8) showed a great result, with a very similar score to the jigsaw puzzle.

Table 5.5: Section S5 Questionnaire Results

S$50Q2 ‘ Participants(#) S50Q4 ‘ Participants(#)
Yes 17 Yes 17
Yes, with help | 0 Yes, with help | 0
No 0 No 0
Quest. | Mean Std. Med. 1stQ. 3rd Q.
S501 464 096 5 -0 +0
S5Q3 482 0.38 5 -0 +0
S5Q5 5.00 0.00 5 -0 +0
S5Q6 5.00 0.00 5 -0 +0
S5Q7 5.00 0.00 5 -0 +0
S508 452 049 5 -1 +0

Observations

During this interaction, neither the facilitator nor the volunteers made any major observa-
tions. One volunteer pointed out that the feedback on the chosen answer options was in
fact much better achieved in this interaction when compared to the previous quiz.
Discussion

The fact that the volunteers could better understand the feedback given by this quiz when
compared to the previous one is considered to be due to the animation being more simple
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and straightforward, with no over-the-top movement animations that the players have to
follow since it is static.
5.2.2.6 Section S6 - AR Interactions Questionnaire

This section presents questions that are common to the AR interactions tested in the
previous sections. The volunteers were therefore required to answer the following ques-
tionnaire:

* S6Q1 - [ was able to consult the help and information foldout.

* 56Q2 - I found the help and information displayed useful.

* S6Q3 - I was able to position the augmented reality interactions where I wanted.
* S6Q4 - The method used to position augmented reality interactions was intuitive.
* S6Q)5 - Interactions were fluid.

* 56Q6 - Interactions were responsive to my actions.

¢ 56Q7 - I found the interactions engaging.

* S608 - The generated elements were well integrated with the real space.

* S6Q9 - I felt like I had control over the interactions.

* S6Q10 - I was able to focus on the problem to be solved in the interactions rather
than on how to interact with them.

* S6Q11 - The sound effects used were appropriate for their respective events.

* S6Q12 - Would you return to the application to experience any of the interactions
again?

According to the results seen in Table 5.6, all the volunteers were able to find and
consult the instructions and information foldout without help (56Q1). Following that,
they also found the information present within it to be useful (56QQ2). On the contrary,
although all volunteers were able to position the interaction where they desired (S6Q3),
eight of them required the help of the facilitator. However, after quickly understanding
this procedure, the volunteers found it quite intuitive (56Q4), with its results still having
a median of four. Overall, all seven following affirmations, which are relative to the
volunteers opinions on certain heuristics (S6Q5 to S6Q11), showed great results, all having
a median of the highest value, except one. This mentioned affirmation (56Q7) only has
a median value of four. Another of these worth highlighting has the best score, with all
volunteers completely agreeing on being in control during the interactions (56Q9). Finally,
the results for the last question (56Q12) can be seen in (fig. 5.2). All the volunteers would
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like to reexperience the balloon pop mini-game, while roughly half also enjoyed the jigsaw

and geospatial flyers interactions. The sliding puzzle and especially the quiz were not as

preferred.
Table 5.6: Section S6 Questionnaire Results
S6Q1 ‘ Participants(#) S6Q3 ‘ Participants(#)
Yes 17 Yes 9
Yes, with help | 0 Yes, with help | 8
No 0 No 0
Quest. | Mean Std. Med. 1st Q. 3rd Q.
S6Q2 4.65 0.59 5 -1 +0
S6Q4 4.06 0.80 4 -1 +1
S6Q5 482 0.38 5 -0 +0
S6Q6 488 0.32 5 -0 +0
S6Q7 417 0.78 4 -0.5 +1
S6Q8 4.65 048 5 -1 +0
S6Q9 5.00 0.00 5 -0 +0
S6Q10 | 4.65 0.48 5 -1 +0
S6Q11 | 4.88 0.32 5 -0 +0

S6Q12 - Would you return to the application to experience any of the interactions again?

AR Jigsaw Puzzle 9

= idi 5
.5 AR Sliding Puzzle
=1
B
E AR Balloon Pop 17
£
EE AR Quiz 1

AR Geoespacial Flyers 9

0 2 4 6 8 10 12 14 16
Frequency

Figure 5.2: AR Interactions Preference

5.2.2.7 Section S7 - Missions Interface

In this section, it was intended that volunteers would go through the Missions System
Interface. In order to guarantee that the volunteers would experience all the possible events
during this interaction, a custom save file with some already finished tasks and missions
was used. Furthermore, the volunteers had as an objective to perform the following tasks:
Observe your progress in the daily mission, general missions and achievements; Collect
rewards from completed missions.

After the volunteers performed all the tasks, they then were required to answer the

following questionnaire:
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¢ S7Q1 - I found the popup that informs of the completion of a task during the
interactions in the previous sections to be noticeable.

¢ §7Q2 - Navigating through the different tabs was intuitive.
e S7Q3 - I found the interface contents to be readable.

* S70Q4 - I was able to distinguish between completed and uncompleted tasks and

missions.
* S7Q5 - I was able to identify my progress on unfinished tasks.

* S7Q6 - I was able to collect rewards from completed missions and progress through
the questlines.

According to the results seen in Table 5.7, during the interactions, the majority of
volunteers did notice the popup that informs of a task’s completion (57Q1). However, this
affirmation’s results show a discernible discrepancy in answers. There were volunteers
who did not notice this popup at all. All the volunteers completely agreed that the
navigation through the different tabs was intuitive (57Q2), with the results showing a
perfect score. Moreover, volunteers found the interface to be very readable (57Q3), with
only one user not completely agreeing. The following affirmation shows that, yet again,
all but one completely agree with the completed and uncompleted tasks and missions
being easily distinguishable (57Q4). Again, with the best score, all the volunteers found
the progress on unfinished tasks to be very perceptible (57Q5). Finally, the majority of
volunteers were able to progress by collecting the completed missions” rewards (57Q6),
with a small discrepancy but still a median of the highest value.

Table 5.7: Section S7 Questionnaire Results

Quest. | Mean Std. Med. 1st Q. 3rd Q.
S701 406 143 5 -2 +0
S7Q2 5.00 0.00 5 -0 +0
S7Q3 494 023 5 -0 +0
S70Q4 494 023 5 -0 +0
S7Q5 5.00 0.00 5 -0 +0
S7Q6 441 1.09 5 -1 +0

Observations
During this section, it was observed that two of the volunteers were trying to collect
tasks instead of missions. Furthermore, some volunteers also tried collecting rewards by
clicking on their icon instead of the designated button.

In relation to positive aspects, more than one volunteer wrote an observation on how
they recognized this interface’s layout from another game and that it was intuitive to use.

On the other hand, in relation to aspects to improve, volunteers wrote that the navigation
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through the tabs when swiping was cumbersome, having to swipe a long distance before
the pages switched.

Discussion

Relatively to the two first observations made, all the correspondent volunteers had less
than average experience with videogames. Additionally, they also somewhat quickly
understood that they were doing something wrong and eventually figured out how to
do it without any help from the facilitator. Relatively to the cumbersome swiping, it is
possible through a script to increase this specific srcoll’s sensivity in order for the player

to not have to swipe such a long distance to switch pages.

5.2.2.8 System Usability Scale (SUS)

After finishing all the previous sections, the volunteers were required to answer a post-
session SUS questionnaire. The volunteers were told to answer while taking into consid-
eration everything they had tested until then, including all the AR interactions and the
missions interface.

The questionnaire’s results for each affirmation can be seen in Table 5.8. In odd
affirmations, which are highlighted in blue, a higher value is better, and, on the contrary,
in even affirmations, which are highlighted in red, a lower value is better. An affirmation
worth emphasizing is the number seven, where, although the answers were still positive,
it was the lowest scored. This indicates that the volunteers thought the system was not
that easy for most people to learn quickly.

Additionally in (fig. 5.3), each volunteer’s independent calculated scores can be better
visualized. The average of all scores was 86.76, which is higher than the SUS average of

68, indicating an overall positive result.

Table 5.8: Main SUS Questionnaire Answers - Shortened Affirmations

SUs Affirmations Mean Std. Med. 1stQ. 3rd Q.
1. I'would use the system frequently. 406 063 4 -0 +0.5
2. The System is complex to use. 141 084 1 -0 +0.5
3. The System is easy to use. 452  0.50 5 =1l +0
4. I would need technical support. 1.06 0.23 1 -0 +0
5. The system has well integrated functions. | 4.65 048 5 -1 +0
6. The system is inconsistent. 1.18 0.32 1 -0 +0
7. The system is easy to learn. 388 0.67 4 -1 +0
8. The system was cumbersome to use. 123 0.42 1 -0 +0.5
9. I felt confident using the system. 423 064 4 -0 +1
10. I needed to learn a lot beforehand. 182 070 2 -1 +0

82



5.2. MAIN USABILITY TESTS
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Figure 5.3: SUS Questionnaire Scores

5.2.2.9 User Experience Questionnaire (UEQ)

After filling out the SUS questionnaire, the volunteers were then required to answer the
UEQ as the last post-session questionnaire of the usability test.

Although each point of the questionnaire gets answered on a 7-point scale from 1 to
7, the tool provided by the UEQ team presents the results in a range from -3 to 3. The
results from each pair of adjectives can be better visualized in Appendix B. Additionally,
the results from the combined 26 pairs of adjectives, which form the 3 classical usability
aspects, like efficiency, perspicuity, and dependability, and the 3 user experience aspects,
like attractiveness, stimulation, and novelty, can be seen in Table 5.9. It is considered by
the UEQ team that values above +0.8 represent a positive evaluation. Therefore, all the
results presented for each parameter are positive.

Additionally, the measured scale means from Table 5.9 are plotted relative to existing
values from a benchmark dataset also provided by the UEQ team. This can be visualized
in (fig. 5.4), where it is possible to conclude that the tests showed an overall highly positive
result. With the attractiveness, efficiency, dependability, stimulation, and novelty being
in the excellent range, which corresponds to the top 10% of the best results, and the

perspicuity being in the good range, which corresponds to being above 75% of the results.

Table 5.9: User Experience Questionnaire Scales Results

UEQ Scales Mean Var. Std.
Attractiveness 2392 022 0471
Perspicuity 1.971 047 0,684
Efficiency 2309 0.18 0,429
Dependability 1.794 0.18 0426
Stimulation 1.941 0.50 0,705
Novelty 1.721 052 0,723
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Figure 5.4: User Experience Questionnaire Benchmark

5.3 Tool Usability Tests

The tool usability tests aimed to evaluate the final developed version of the Mission Graph
Creation Tool while also considering the implementation of its corresponding interpreter
and interface.

The form used to guide the flow of the tests is divided into various sections, each
relative to a different element that composes a final quesline. Each section, except the last
one, is subsequently constituted by its respective description, a set of undescriptive tasks
to be performed by the volunteer, a questionnaire relative to the time the volunteer took
the perform the section and whether it was able to complete it, and finally, two text boxes
where the volunteer can record its opinion about positive aspects and aspects that need
improvement regarding the tested section. The aforementioned section that strays from
the format described is relative to the SUS questionnaire.

5.3.1 Participants Demographic Profile

A total of only 6 volunteers participated in these tests. Although this does not meet the
aforementioned minimum requirement of 12 participants, the results will still be presented
here. The results can still be considered usefull as J. Nielsen [35] shows a study on how
only five participants normally suffice to find 85% of usability problems.

As seen in Table 5.10b, these volunteers were between the ages of 23 and 24 years old.
All of the 6 participants were male, as shown in Table 5.10b. Additionally in (figs. 5.5a and
5.5b), it can be seen that the volunteers considered themselves above average regarding
experience in game developing and experience with the Unity game engine, respectively.

Table 5.10: Participants” Demographic Profile Tables - Tool

(a) Participants gender (b) Participants age
Gender ‘ Participants(#) Age ‘ Participants(#)
Male 6 23 | 4
Female | 0 24 |2
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Experience in Game Developing Experience With Unity

Frequency
N w

Frequency
N w

=
=

Experience Experience

(a) Experience in Game Developing (b) Experience with Unity

5.3.2 Tests and Results Analysis

The following subsections will go over each section of the aforementioned form, following
its structure. The overall tests were aimed at users who have a minimum level of experience
with the Unity game engine or game developmentin general, which was the case. Although
the tool was developed with the intention of being easily used by everyone, the most
pertinent questions regarding its usage, relevance, and versatility are belived to be only
be adequately answered by users who possess the aforementioned experience. During
the test the volunteer was expected to use the tool to create a mission graph with each
mission having its respective tasks and rewards.

The volunteers were given for each element a description of the intended final result
when creating them, this way eliminating any unwanted variables when comparing and
analysing all the tests results.

Only the results are presented and they are not discussed mainly due to the small

sample size not giving sufficient insight.
5.3.2.1 Section S1 - Creating a Simple Task
In this section, it was intended that volunteers created a task that did not involve much

thinking regarding its parameters.

Task to be created: name: puzzle task; description: This task counts the puzzles completed
by the player and has the text displayed in the interface "Complete X puzzles"with X being
the number of puzzles to be completed to finish the task. The value of X is intended to be
between 2 and 10.

The volunteers had as an objective to perform the following tasks: Open the task manage-
ment window; Open the task creation window; Write the name and text to be presented;

Configure the necessary variables; Save the created task.

All the volunteers were able to finish this section, 5 without the facilitator’s help and
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1 with help. The volunteers that did not require help took between 27 seconds and 1
minute and 54 seconds to complete the tasks while the volunteer that required help took
3 minutes and 24 seconds.

5.3.2.2 Section S2 - Creating a More Complex Task

In this section, it was intended that volunteers created a task whose parameters were not

as obvious as the previous section’s task.

Task to be created: name: timed puzzle task; description: This task is completed when
the player completes a puzzle above a certain difficulty level within a set time. The text
presented in the interface is "Finish a level X or higher puzzle in under Y seconds"with X
being the minimum level of the puzzle and Y being the maximum time in seconds. The
value of X is intended to be 3 and the value of Y is 15.

The volunteers had as an objective to perform the following tasks: Open the task manage-
ment window; Open the task creation window; Write the name and text to be presented;
Configure the necessary variables; Save the created task.

All the volunteers were able to finish this section, this time, in contrast with the pre-
vious section, 1 without the facilitator’s help and 5 with help. The volunteer that did not
require help completed the tasks in 54 seconds while the others completed them between
2 minutes and 9 seconds and 3 minutes and 18 seconds.

5.3.2.3 Section S3 - Creating a Reward

In this section, it was intended that volunteers created a reward.

Reward to be created: name: reward sim; description: It is intended that this reward, once
collected by the player, calls the "MockRewardCollect"function of the prefab that contains
the mission system script.

The volunteers had as an objective to perform the following tasks: Open the rewards
management window; Open the reward creation window; Choose the name and image
to be displayed; Configure the function to be called in the reward collection event; Save
the created reward.

All the volunteers were able to finish this section without help. The volunteers took
between 28 seconds and 1 minute to complete the tasks.
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5.3.2.4 Section S3 - Creating a Mission Graph

In this section, it was intended that volunteers created a mission graph which used the

lock and key ports.

Graph to be created: name: test quest; description: This graph has 3 missions. Each
mission has 1 task and 1 reward. The 3 missions are successors to the starting node. One
of the missions is a lock and another of the missions is the key to that same lock mission.
It is intended that the tasks and rewards in each mission will be those created in the
previous sections. If you were unable to create them, existing ones can be used.

The volunteers had as an objective to perform the following tasks: Open the mission
graph management window; Open the mission graph creation window; Add new nodes
according to the number of intended missions; Add the desired sequence links between
missions; Choose which missions will be locks and which missions will be keys; dd links
between key missions and respective lock missions; Add the respective tasks and rewards
to each mission; Save the created mission graph.

All the volunteers were able to finish this section without help. The volunteers took

between 2 minutes and 2 seconds and 3 minutes and 28 seconds to complete the tasks.

5.3.2.5 System Usability Scale (SUS)

After finishing all the previous sections, the volunteers were required to answer a post-

session SUS questionnaire.

The questionnaire’s results for each affirmation can be seen in Table 5.11. In odd af-
tirmations, which are highlighted in blue, a higher value is better, and, on the contrary,
in even affirmations, which are highlighted in red, a lower value is better. An affirmation
worth emphasizing is the number seven, where, although the answers were still positive,
it was the lowest scored. This indicates that the volunteers thought the system was not
that easy for most people to learn quickly. Another affirmation also worth pointing out is
the number ten, where volunteers thought they needed to learn some things before being

able to start using the system.
Additionally in (fig. 5.6), each volunteer’s independent calculated scores can be bet-

ter visualized. The average of all scores was 91,25, which is higher than the SUS average

of 68, indicating an overall positive result.
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Table 5.11: Tool SUS Questionnaire Answers - Shortened Affirmations

SUs Affirmations Mean Std. Med. 1stQ. 3rd Q.
1. I would use the system frequently. 466 047 5 -1 +0
2. The System is complex to use. 1.00  0.00 1 -0 +0
3. The System is easy to use. 483 037 5 -0 +0
4. I would need technical support. 1.00 0.00 1 -0 +0
5. The system has well integrated functions. | 5.00 0.00 5 -0 +0
6. The system is inconsistent. 1.00  0.00 1 -0 +0
7. The system is easy to learn. 383 069 4 -1 +0
8. The system was cumbersome to use. 1.00 0.00 1 -0 +0
9. I felt confident using the system. 467 047 5 -1 +0
10. I needed to learn a lot beforehand. 266 047 3 -1 +0

Participant Scores

91.25
80

601

Score

40

20

Participant

Figure 5.6: SUS Questionnaire Scores - Tool
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6

CoNcLusiONS AND FUTurReE WORK

This chapter contains an overview of the conclusions that were drawn from the work
developed during this dissertation. After that, this chapter also outlines potential avenues

for expanding and improving the solution in the future.

6.1 Conclusions

The work developed throughout this dissertation resulted in the creation of a set of various
features to be integrated with an existing platform whose primary goal is to preserve and
share communities” cultural heritage and stories while having Trafaria’s neighborhood as
a case study. The platform additionally seeks to serve as an educational tool that motivates
users to explore and learn about diverse cultures both within and beyond it.

The implemented features take this goal into consideration and benefit from mech-
anisms such as augmented reality and gamification in order to draw the attention of
users and maintain their engagement with the platform. By weaving in some game char-
acteristics into augmented reality activities that incorporate cultural information, these
features are able to offer users a fun and effective learning experience. The mentioned
activities, also referred to as interactions, include puzzles, quizzes, and mini-games that
are intended to be added as extra content for users to engage with when following the
platform’s planned routes, which go through diverse points of interest in a determined
region. Additionally to these interactions, a missions system was also implemented as a
means to unify them by offering users the possibility of following questlines and collecting
rewards upon completing the various tasks that make up the missions. To try and achieve
even higher user satisfaction, difficulty scaling was included in features that had the
possibility of adapting to users’ abilities.

In order to evaluate whether the implemented features truly fulfilled their intended
objectives, various user tests were conducted. These tests aimed to assess various usability
aspects of the features while also extracting valuable insights on experience aspects.
Overall, the tests yielded positive results. Even users with little to no experience in
augmented reality were able to intuitively engage in the various activities and successfully
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complete the desired tasks, finding most of the interactions to be interesting, attractive,
and enjoyable. This leads to the conclusion that the main objective of the solution was
indeed successfully achieved. On a side note, the aspect of difficulty scaling in the various
features, although also showing positive results, was found to be lacking and in need of
improvement. The next section includes a topic discussing how this improvement can be
achieved in the future.

Finally, the developed mission system also includes a built-in Unity tool that allows
the creation of the necessary elements required to generate the missions. This tool has
also undergone usability testing in order to assess its versatility and relevance in the
scope of integrating missions into a game developed in Unity. Although user tests yielded
surprisingly positive results, two limitations were identified during experiments in the
content creation phases for the system’s demonstration. These limitations relate to the
inability to offer disjunctivity options in missions and task objectives, as well as the
inability to offer tasks whose requisites must be met multiple times consecutively. These
characteristics were not taken into consideration from the get-go since none of the initially
designed elements had them. Subsequently, the next section includes a topic that explains
how these functionalities can be easily incorporated in the future due to the way the
system was implemented.

In summary, the objectives of this dissertation were achieved, and all contributions
outlined in Subsection 1.4 were successfully realized. Nevertheless, the developed final
result still offers significant potential for improvement, and, in this context, the platform
continues to have room to incorporate endless ideas, with a vast sea of possibilities and
teatures that can be explored.

6.2 Future Work

During the development of the various features and throughout the user testing sessions,
several ideas for future research directions and overall improvements to the application
emerged or were suggested by the volunteers. Below are some of these ideas:

Difficulty Scalling - As previously mentioned, effective difficulty scaling of certain fea-
tures plays a crucial role in enhancing user satisfaction and maintaining motivation during
interactions. Implementing a new and improved difficulty scaling system could involve uti-
lizing more diverse performance metrics and evaluations. Moreover, artificial intelligence
algorithms can be leveraged to automatically adjust features and suggest personalization

aspects, thereby offering a more tailored and engaging experience for users.

Mission System - The missing functionality of disjunctivity in the mission system can be
easily introduced due to the system’s implementation. Concerning missions, a good and
elegant solution would be, for example, to introduce new entries for a different type of
edge between the nodes of the graphs. This new type of edge would, therefore, provide
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the possibility of disjunction between missions. As for tasks, it would only be necessary to
create a new subclass of the abstract TaskVariable class that would have the necessary com-
ponents to support disjunction. Another less elegant but more practical solution would
be to add an option to accumulative task variables that could make them disjunctive.
Regarding tasks whose requisites must be met consecutively, for example, Win X games in
a row, the same solution of creating a new subclass of TaskVariable applies.

Expanding the Platform - During the development of the AR interactions, their im-
plementation took into consideration how the mobile component of the base platform
uses the Android application to launch the Unity scenes that contain them. However, their
integration with the mobile component was not fully realized due to unidentified issues
concerning the handed-out Android section. Nonetheless, shortly before the end of this
dissertation, the previous researcher discovered the cause of these problems and was in
fact able to lauch the developed interactions as they were. This leaves the possibility of,
in the future, making the minor adjustments required to fully complete the integration.

Considering intriguing ideas for future platform features, the possibilities are abun-
dant. For instance, leaderboards could be incorporated into each interaction, providing a
competitive element. Additionally, different final rewards could be introduced for each
interaction, which would perhaps be usable in a cosmetics shop where there could be,
for example, items that would customize the appearance of interactions, such as puzzle
borders or different 3D text fonts for quizzes. Furthermore, a dialogue system could be im-
plemented, along with interactive characters that could accompany users on their learning
adventures about different communities’ cultures. Lastly, enabling users to communicate
with each other and share their adventures and discoveries could be another valuable
addition.

Apple’s Vision Pro! - The emergence of Apple’s new Vision Pro technology opens
up new exciting and innovative research possibilities in the realm of augmented reality,
which can be further expanded, much like in this dissertation’s scenario, to contribute to

cultural heritage preservation.

1Apple’s Vision Pro website - last accessed: 03/2024
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A

UsaBirLiTY TEsTs CONSENT FOrRM

Consentimento
Por favor, leia atentamente as informagdes abaixo antes de prosseguir:

Este formulario faz parte do estudo de testes de utilizador necessédrio para o desen-
volvimento de uma tese de mestrado, realizada na FCT NOVA, na 4rea de engenharia
informética. A sua participacdo é voluntdria e confidencial. Ao prosseguir com este
formulério, estd a concordar em participar neste estudo e da permissao ao investigador
principal e seus associados de apresentarem os resultados deste trabalho por escrito ou
de forma oral em aulas ou apresentagdes académicas, sem necessidade de nenhuma
autorizagdo adicional sua, desde que a sua imagem e identidade ndo sejam reveladas nem

divulgadas.

Participacao voluntdria:
A sua participacdo nos questiondrios é completamente voluntaria. Se preferir ndo respon-
der a uma questdo ou se decidir interromper algum questiondrio a qualquer momento,

pode fazé-lo sem qualquer penalizagéo.
Recolha de informacgdes:
Todas as informagdes recolhidas nestes questiondrios serdo utilizadas apenas para os

propositos do estudo mencionado acima e serdo tratadas de forma confidencial e anénima.

Confirmo que li e compreendi as informagdes acima e consinto participar e dar seguimento

a este formulario.

O Consinto participar voluntariamente
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B

UserR ExPERIENCE QUESTIONNAIRE (UEQ)

REsuLTs

Left Right ‘ Mean Var. Std.
annoying enjoyable 2,5 04 06
not understandable understandable | 2,1 07 08
creative dull 1,9 09 1,0
easy to learn difficult to learn 2,0 04 06
valuable inferior 2,4 05 0,7
boring exciting 1,7 1,0 1,0
not interesting interesting 2,1 06 08
unpredictable predictable 1,1 08 09
fast slow 2,4 03 05
inventive conventional 1,9 14 1,2
obstructive supportive 14 1,1 1,1
good bad 2,6 04 06
complicated easy | 2,0 1,3 1,1
unlikable pleasing 2,6 04 06
usual leading edge 1,6 05 07
unpleasant pleasant 1,8 04 0,7
secure not secure 2,7 03 06
motivating demotivating 1,6 1,3 1,1
meets expectations ~ does not meet expectations 2,1 06 07
inefficient efficient 19 09 1,0
clear confusing 1,8 07 08
impractical practical 2,2 05 0,7
organized cluttered 2,7 02 05
attractive unattractive 2,2 06 08
friendly unfriendly 2,6 05 07
conservative innovative 1,5 06 08
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CRrREATED FLYERS

Antigo Presidio

Traiaria

Anlige Presidio
Trafaria

nligo Presidio

Este & um conjunto edifcado
temodulado entre 1908 & 1908 pera

L Answer

[ Answel

idencia nobre
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APPENDIX C. CREATED FLYERS

Antiga Igreja

~ Trafaria

Anliga Jgrgja

Trafaria

lnliga Jyreja

1743 0 muro consiruido om volta do.
prosidio vedou 0 acesso & Ermida do N°S* da
Satide, levando a consrugéo da Ermida de.
NAS da Conceigéo. Apds 2 incéndios consecuivos
em 1811 1834, que a deixaram devoluta, foi
consinuido em 1856 a igreja Malriz de S Pedro da
rafaria. Deixando osta do ser o tnico local o
culto aberto a populagao.

tural

Fabrica d

L Answer

L Answer
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Anlige Cinema
' ) } Trafaria

Antigo Cinema

S

0\)»;

Anligo Cinema
Esto difico estima-so ter sido consinuido
om 1919 o tave 0 so periodo aureo.

enire 1640 5 1960 apds or sido raconsinido
oo ao incéndio de 1929. De momenio
enconta-se e ruina apds fer sido
encemado em 1987

lada & : ETThe HE: ratelrense
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APPENDIX C. CREATED FLYERS

Cais de Embarque

Trafaria

Cais de Embargue

Aprimeira carroia flvial ontro Lisboa o a
Trafaia niciou: se em 1901 0 primeiro cais
‘am pedra foi construido por vota de 1920 &
Serviu 05 veraneantes alé & nauguragao
da Ponte Salezar, em 1966.

[ Answel
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Camionetas Piedense
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10

SysTtEM UsaBiriTy ScarLe (SUS)

. I think that I would like to use this system frequently.
I found the system unnecessarily complex.
. I thought the system was easy to use.

I think that I would need the support of a technical person to be able to use this
system.

I found the various functions in this system were well integrated.

I thought there was too much inconsistency in this system.

I would imagine that most people would learn to use this system very quickly.
I found the system very cumbersome to use.

. I'felt very confident using the system.

. Imeeded to learn a lot of things before I could get going with this system.
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11

UserR ExPERIENCE QUESTIONNAIRE (UEQ)

meets expectations does not meet expectations 19

2 3 4 5 6 7

annoying © © O QO O O O enjoyable 1

not understandable © © © O O O O understandable 2
creatve © O O O O O O dull 3
easytolearn © O O O O O O difficulttolearn 4
valuable © © O O O O O inferior 3
boring © © © O O O O exciting 6

not interesting © © © O O O O interesting 7
unpredictable © © © O O O O predictable 8
fast © O O O O O O slow 9
inventve O O O O O O O conventional 10
obstructive © © O O O O O supportive 11
good O O O O O O O bad 12
complicated © O O O O O O easy 13
unlikable © © C O O O O pleasing 14
usual © O O O O O O leadingedge 15
unpleasant © O O O O O O pleasant 16
secure O O O O O O O notsecure 17
motivating © O O O O O © demotivating 18

Q[0 @ (@ e @@

inefficient © © © O O O O efficient 20
clear © © © O O O Q confusing 21
impractical © © O O O© O O practical 22
organized O O O O O O O cluttered 23
attractve © O O O O O O unattractive 24
friendy © © O O O O O unfriendly 25
conservatve © O O O O O O innovative 26
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