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Abstract

Augmented Reality represents a burgeoning educational technology with the capacity to
introduce inventive teaching approaches and foster captivating learning experiences. The
integration of game-based design into Augmented Reality applications has the potential to
enhance education by elevating motivation and engagement, ultimately leading to improved
learning outcomes. Most applications adopting Augmented or Virtual reality for the presentation
of buildings and artefacts offer a passive experience with limited interaction. The purpose of this
thesis is to explore the intersection of technology and cultural heritage through the development
of a gamified Augmented Reality (AR) application aimed at promoting cultural buildings. The
software design of the AR application is detailed, emphasizing game design principles and the
underlying architecture. The incorporation of various game activities, including navigating
cultural buildings, solving puzzles, and matching labels, aims to create an engaging and
educational user experience. This thesis contribution targets the different interactions as well as
information presented to the user during their visit to cultural buildings using AR technology.
The main focus of the study is the flow of the activities and guides within the application to keep
the user engaged and entertained during their time on the resulting application. The thesis
proposes game-based learning approaches for this purpose as those techniques have shown great

results in the engagement and motivation of the users.



HHEPIAHYH

H Emovénuévn Ipoypotikdmro ovTimpoo®TEVEL U0 OVOTTUGGOUEVT] EKTOLOEVTIKY|
TEYVOAOYIOL LE TNV IKOVOTNTA VO EIGAYEL EPEVPETIKEG OOUKTIKEC TPOCEYYIGELS KOl Vo evOappuveL
oLUVOPTOOTIKEG pobnolokég eumepiec. H evoopdtowon tov oyedacpod mov Paciletoar og
ToLVIOlL TOV LILAPYOVY GE EPUPUOYEG EMAVENUEVIG TTPAYLOTIKOTNTAG EYEL TN dLVOTOHTNTA VO
EVIOYVOEL TNV EKTOUOELON OaVEAVOVTOS TO KiviTpa KOl Tr OECUELGN, 0ONYMVTOG TEMKA OE
Behtiopéva  pobnolokd oamotedécpata. Ot meplocOTEPES €QPAPUOYEC TOL VIOBETOLV TNV
EMOLENUEV M TNV EKOVIKN TPOYUOTIKOTNTO Y0 TNV TOPOVCIOoT] KTIPIV KOl OVTIKEUEVOV
TPOCOEPOLY UKL TTOONTIKY] EUTEPIO. HE TEPLOPIOCUEVT] OAANAETIOPAOT]. XKOTOG OVTNG TNG
MTUYOKNG epyociog €lvar M Olepedvnon TG JGTADPOONG TEXVOAOYIOG KOl TOMTIGTIKNG
KApovoldg HEC® TNG  OVATTLENG oG matyviomomuévng  epapuoyns  Emovénuévng
[Ipaypoatucomtag (AR) mov otoyevel oty mpombnon moMticTik®dv Ktpiov. O oyedlocpog
Aoyopkov g epappoyng AR elvarl Aemtopepnc, divoviag Epeacn oTig apyES oYEIOCUOD TOL
TOYYVIO00 Kol GTNV LIOKEipevn apyltektovikn. H evoopdtoon dopdpmv dpactnplotitov,
ocoumepthappovouévng g TAONYNONG O€ TOMTIOTIKG Ktipla, TG emilvong malh Ko g
OVTIGTOIYIONG ETIKETMV, CTOXEVEL GTN ONOVPYIO P0G EAKVOTIKNG KOl EKTOOEVLTIKNG EUTELPTOG
YPNOTN. AVTN 1 TTVYLOKY EPYACIO GTOYEVEL OTIC SOPOPETIKES OAANAETIOPACELS KAOMG KOl OTIG
TANPOPOPieg OV TOPOLGLALOVTOL GTOV ¥PNOTN KATA TNV EMICKEYN TOL GE TOATIOTIKA KTiplao
ypnoporolmvtog texvoroyio AR. To emikevtpo g perémng eival 1 por| TV OpacTNPLOTITOV
Kol TOV oONy®mv &vtdg NG €QPUPUOYNG YL Vo KPATNGEL TOV YPNOTN OPOGIOUEVO Kol
yoyoyoynuévo katd t odpkelo mov v ypnowpwonotel. H mruyoxn mpoteivel mpooceyyioelg
puabnong pe Pdon to moyvidt Yo 10 okomd awtd, KaBMG oVTEG ol TEXVIKEG €xovv Osi&et

eEAPETIKA OMOTELEGLOTA GTT) OEGUELOT] KO TO KIVIITPOL TOV YPNOTOV.
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Chapter 1 - Introduction

Augmented reality (AR) is a rapidly advancing technology that offers the exciting
potential to overlay information onto real-world objects or provide real-time processing of 3D
representations [1]-[4]. Mobile phones are particularly advantageous in the AR landscape as
they don't rely on external hardware and are ubiquitous in society. The proliferation of AR on
mobile phones has played a pivotal role in its growth, introducing users to many applications and
offering companies new opportunities for gaining a competitive edge. These include immersive
and personalized experiences for users in augmented reality (AR), virtual reality (VR), mixed
reality (MR), and extended reality (XR). Due to their interactive experience, they provide in both
the real and virtual worlds, they have a wide variety of appliances [5].

One of the appliances of AR is in the tourism industry which has witnessed a profound
transformation with the integration of AR technology. Travelers can now experience destinations
in an entirely new way. For instance, AR applications can provide real-time information about
historical landmarks, local culture, and nearby attractions, enhancing the overall travel
experience. AR adds layers of interactivity and engagement to tourism, making it more
immersive and educational. Additionally, in the realm of cultural heritage, AR serves as a
powerful tool for preservation and education. It allows users to explore historical sites and
artifacts in unprecedented detail. AR applications enable individuals to witness the past by
superimposing digital reconstructions onto real-world locations. This enriches cultural heritage
experiences by providing historical context and narratives [6]. Moreover, digital storytelling can
offer contextual information through smartphone screens to enrich the comprehension of
artworks such as frescoes or paintings, providing historical and narrative depth to the viewer's
experience [7].

Not only in tourism, but AR applications have also gained significant traction in various
domains, including advertising, entertainment, and education. Location-based AR, a notable
subset, connects digital content to real-world locations through geographic markers. These
applications, typically run on GPS-enabled mobile devices, have proven beneficial in education
by boosting student engagement and satisfaction. Moreover, when coupled with gamification and
storytelling techniques, AR enhances the learning experience, making it more immersive and

enjoyable [8].



AR technology can seamlessly integrate with gamification and Game-Based Learning
(GBL) approaches, as the experience with AR applications often evokes a gaming atmosphere.
AR enhances the learning process by making it interactive and engaging. GBL leverages the
immersive capabilities of AR to create realistic simulations and scenarios, enabling students to
learn through experience. The combination of these elements sparks interest and enhances the

overall educational experience [7].

Contribution
This thesis contribution targets the different interactions as well as information presented
to the user during their visit to cultural buildings using AR technology. The main focus of the
study is the flow of the activities and guides within the application to keep the user engaged and
entertained during their time on the resulting application. The thesis proposes game-based
learning approaches for this purpose as those techniques have shown great results in the

engagement and motivation of the users.

Thesis Structure
The rest of this thesis is structured as follows: In Chapter 2 the background knowledge
required for the subject is provided, while Chapter 3 provides a literature review and the state of
the art. Additionally, Chapter 4 describes the software design of the application, and Chapter 5
the implementation. Chapter 6 outlines the results & discusses the findings of this research.

Chapter 7 concludes the report and provides insights for future directions.



Chapter 2 - Background

Extended Reality

Extended reality (XR) has emerged as an umbrella term for technologies that blend
virtual and real worlds, including virtual reality (VR), augmented reality (AR), and mixed reality
(MR) [9][10]. XR, also known as extended or X reality, acts as a powerful bridge converging
virtual physical dimensions and demonstrates the ability of digital systems to interact with real-
world environments, enabling enhanced engagement and problem-solving capabilities.

As described by Pavlik et al. [11], XR emerges as a product of the convergence of
ubiquitous sensor/actuator networks and virtual online shared worlds. This combination creates a
"mixed reality situation™ - a term used to describe the interaction between concrete objects and
the observable world. This model offers a unique continuum of reality and virtuality (Figure 1), a
spectrum of "reality complete” to "completely realistic" inclusive, according to the results by
Milgram et al. [1].

Mixed Reality (MR)

Reality-Viruality (RV) Continuum

Figure 1. Milgram’s Taxonomy

The possibilities for the XR are far-reaching and exciting. From improving human
efficiency in business tasks to streamlining maintenance activities and strengthening decision-
making processes, XR demonstrates its utility in various industries through input and
communication simplicity. Through immersive simulations and intuitive interfaces, XR
empowers individuals to interact with tasks and information, fostering heightened efficiency and
informed decision-making. Finally, XR aims to seamlessly blend or replicate the physical world
with a "digital twin world," capable of interactive engagement with its physical counterpart [12],
[13]. This innovative approach seeks to create a cohesive environment where the boundaries

3



between reality and its digital representation converge, facilitating enhanced interactions and
insights for a neutral audience to comprehend.

The most well-known standard for developing XR applications is OpenXR developed by
Khronos Group. OpenXR is a royalty-free, open standard that provides high-performance access
to AR/VR - or R - and aims to make developing AR/VR software easier [14]. It allows
applications to work on different devices without needing extensive changes to their code,
allowing the same software to run on various hardware. With the release of the OpenXR 1.0
specification, developers can now create immersive experiences that work across different
platforms. OpenXR It's all about making cross-platform XR (Extended Reality) applications a
reality. This chapter analytically examines the role of XR in the broader industrial landscape,

explaining its basis, theory, and practical implications.

Augmented Reality

Augmented Reality (AR) is a technology that enriches the real world with virtual
information like images, sounds, and 3D objects [15]. AR systems should possess certain
features: combining real and virtual imagery, real-time interactivity, and 3D alignment with
reality [16]. This technology is not just limited to visual augmentation; it can also extend to
senses like hearing and touch [17].

AR's notable aspect is its ability to track features in the environment, which allows
placing virtual objects within the real world [15]. Tracking methods fall into three categories:
sensor-based (using sensors like optical, magnetic, acoustic, and inertial), vision-based (using
optical sensors for marker-based and markerless tracking), and hybrid (combining sensors and
images for robust tracking) [18]-[20]. The devices for AR experiences include computers,
smartphones, glasses, and head-mounted displays. Smartphones are popular due to their
portability, while computers offer processing power and accuracy. However, desktops often
require external components for certain functionalities [15]. Within the context of AR fall the
following categories:

Diminished Reality (DR): This involves selectively removing or diminishing real-world

elements from a scene [21].

Projection Mapping: This technique involves projecting images or content onto real-

world objects to create interactive and immersive experiences [22].



Spatial AR: This refers to AR experiences that are tightly integrated with the physical
surroundings, often using spatial mapping and tracking for precise interactions [23].
Wearable AR: Wearable AR devices, such as smart glasses, provide a hands-free

augmented experience, overlaying information onto the user's field of view [24].

Virtual Reality
Virtual reality (VR) represents cutting-edge technology that creates unique immersive

encounters through simulated environments [25]. These enhancements are accomplished through
VR headsets, special wristbands, and customized devices, allowing users to enter and immerse
themselves in these virtual realms of strongly conceptualized reality VR. VR technology is
known for its mastership in delivering state-of-the-art computer graphics, rich sound effects, and
sensory resonance. As VR becomes more accessible and connected, it finds its way into
industries, offering new modes of engagement. However, the true appeal of VR extends beyond
the technical stuff. It is about reimagining our relationship with the world. Using VR users are
able to engage all of their senses and fully immerse themselves in different places, stories, and
experiences. VR includes the following subcategories:
e Immersive VR: This emphasizes deeply engaging and sensory-rich VR experiences that

transport users to entirely virtual environments [26].
e 360-Degree VR: This type of VR captures a full spherical view of a real-world location or

scene, enabling users to look around in all directions [27].
e Cinematic VR: Focused on storytelling, cinematic VR offers immersive narratives and

experiences that users can explore [28].
e Social VR: These platforms enable multiple users to interact and engage with each other in

shared virtual spaces [29].

Mixed Reality
According to this continuum, Mixed Reality (MR) falls within the intermediary region
between these two extremes. MR mixes virtual elements into the physical environment, allowing
users to interact with both real-world and digital objects. This interaction ranges from less
immersive to highly immersive experiences. MR is an innovative technology that fuses the
realms of the physical and the virtual, crafting an experience that seamlessly merges both for
users [30]. What sets it apart from conventional Virtual Reality (VR) is its integration of real-



world components into the virtual sphere, unlocking heightened interactivity and a more organic

engagement. MR is accessible through diverse tools like smart glasses, head-mounted displays,

and wearables, offering a spectrum of possibilities. Its applications span many domains, from

gaming and entertainment to education and industrial contexts. The term can be relative to AR,

but currently, this term is used to describe mobile or smart glasses applications that overlay

information on top of the real world in 2D (i.e. notifications, messages, and general information).

Some MR techniques and categories are described below:

e Augmented Virtuality (AV): As a subset of MR, this concept blends real-world elements
into predominantly virtual environments [31].

e Mirror World: A type of MR where the physical world is closely mirrored in the virtual
domain, often used for simulation and data analysis [32].

e Hyper-Reality: Although it blurs the line between physical and virtual, hyper-reality could
be classified as a form of MR due to its mixed nature [33].

Game-Based Learning and Gamification

Game Based Learning

The educational landscape is undergoing a transformative shift, departing from the goals
established in previous decades—centered on knowledge acquisition and traditional teaching
models—and embracing a fresh paradigm. At the heart of this new approach lies a twofold
objective: not only the practical application of knowledge, but also the cultivation of an
enriching classroom environment that fosters creativity [34]. Through deliberation, exploration,
and experimentation, students are empowered to ignite their curiosity, infusing dynamic
interactivity into the learning process.

Game-Based Learning (GBL) emerges as a strategic framework, engendering heightened
motivation among students when juxtaposed with conventional instructional methods. Games
serve as catalysts, galvanizing greater participation and overall enthusiasm for the subject matter
[35]. Research by Fotaris et al. underscores the profound impact of digital games on education,
unveiling significant strides in comprehension, diligence, and motivation [36]. Herein, games
metamorphose into educational tools tailored to realize pedagogical aims, concurrently fostering

improved performance and fortified interpersonal bonds [37].



According to Prensky, the essence of an educational game transcends mere skill
development; its essence rests in the translation of acquired competencies to tangible, real-world
contexts. This fusion of education with everyday life serves as a conduit for nurturing
metacognitive proficiency and heightened awareness of pertinent matters [38]. Inextricably
interwoven, these elements orchestrate a holistic educational milieu primed for holistic growth.

In the realm of game-based learning, a game is harnessed as an instructional conduit,
enabling users to learn through immersive play. Tasked with assignments to complete, users
traverse tasks and levels, where points and achievements stand as supplementary elements rather
than primary motivational drivers [39]. Game-based learning extends an opportunity for learners
to cultivate soft skills—ranging from leadership to team and time management—through the act
of problem-solving to progress within the game [40], [41]. The realm of game-based learning
weaves an environment of enjoyment that in turn stimulates creativity among learners [34].

Perspectives on game-based learning theory manifest in three dimensions [40]. The first
vantage point perceives learning as an outcome of gameplay, an approach that envisions learning
through the lens of game technologies [38], [42]. The second stance integrates pedagogical
theories and game technologies, acknowledging that learning arises not solely from gameplay
but also from supplementary activities conducted alongside the game [43]. The third perspective
embarks on leveraging game mechanics to gamify the learning journey, channeling innovation in
learning experiences through game design concepts [44]. In concert, these perspectives configure
a diverse landscape of game-based learning, illustrating the dynamic synergy between pedagogy

and technology.

Gamification

Gamification entails the integration of game elements and principles into contexts outside
of gaming, offering users experiences akin to games to amplify engagement [45]. Rooted in
users' instincts and desires, gamification taps into motivations like competition, mastery, and
achievement. Common gamification strategies encompass reward systems that fuel users' sense
of advancement, completion, and competition, thus enticing them to immerse themselves in the
learning process. Notably, game design elements like point and badge systems, leaderboards,
narratives, avatars, and collaborative elements are harnessed to engender engagement and

meaningful interaction within learning scenarios.



Points: Points serve as rewards bestowed upon users upon task completion, often
measuring progress or performance [46]. Research indicates that point-based systems act
as motivators, nurturing students' desire for rewards stemming from engagement in
learning endeavors. Points imbue a sense of challenge, reflecting learners' advancement
[47]-[49] thus instilling a participatory ethos conducive to student-centered learning [50].
Badges: Badges constitute a reward system that acknowledges individuals' achievements
within gamified activities [51]. Parallel to point-based systems, badges stimulate
motivation and foster performance progression [52]. Beyond recognition, badges enrich
social interactions among learners [53], solidifying a sense of achievement and
facilitating an inclusive community of badge holders. Moreover, badges wield influence
in shaping choices, guiding learners toward challenges and pathways guided by the allure
of earning badges [54].

Leaderboards: Leaderboards orchestrate users' ranking based on specific criteria,
gauging success within learning activities. A competitive mechanism, leaderboards aim
to elevate motivation [51] and performance by driving learners to ascend the ranks. While
leaderboards offer positive incentives, it's paramount to acknowledge that ranking lower
on the leaderboard could yield the opposite effect [55]. Engagement in learning activities
is also kindled through leaderboards, spurred by the urge to bolster scores and ascend the
ladder of rankings [56].

Performance Graphs: Contrasting leaderboards, performance graphs gauge users'
performance vis-a-vis their own progress within the game [57]. This serves as an
evaluative yardstick, offering users insights into their growth trajectory and an avenue for
improvement. Notably, this technique propels users toward mastering tasks founded on
motivational theory benchmarks [57].

Levels: Levels establish a hierarchical system reflecting individuals' progression through
stages predicated on tasks and challenges, each tier symbolizing varying degrees of
difficulty [58]. This approach fuels motivation, concentrating learners' focus on tasks at
hand as they strive to surmount challenges en route to level completion [48], [59]-[61].
Levels, adept at goal setting, engender a steady trajectory of performance enhancement.
Meaningful Stories: Employing meaningful stories, gamification imparts depth to
otherwise routine tasks, imbuing them with purpose and direction. Infusing narratives

into activities can be as simple as crafting a compelling title or weaving intricate
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storylines akin to those within role-playing games [44]. Meaningful stories elevate
motivation and pique users' curiosity, employing narratives as a potent hook.

Progress Bar: Progress bars, a prevalent gamification element, predominantly amplify
motivation and engagement by enabling learners to track their advancement [53], [62]. In
addition, progress bars double as tools for evaluating individual contributions within
group activities, affording a visual representation of overall participation and
involvement [53], [62].

Avatars: Avatars materialize as users' virtual personas within the gamified environment
[55], reflecting their selected or created identities. Spanning simple images to 3D models,
avatars serve as alternate identities within the gamified realm, facilitating user interaction
[63].

Teammates: Anchored in fostering collaboration, this technique assembles users into
teams, coalescing efforts toward shared objectives [55]. Collaboration emerges as the
cornerstone, as users collaborate to achieve collective goals, resonating with the ethos of

cooperative.



Chapter 3 — State of the Art Systems

This section offers a literature review to identify state-of-the-art research in the field of
cultural building presentation in AR and VR environments. Subsequently, the chapter outlines
the most significant research, providing insights and directions for the development of this
system. Additionally, this review identifies gaps in the literature that directed the system in its

current design.

“ARTS, an AR Tourism System, for the Integration of 3D Scanning and
Smartphone AR in Cultural Heritage Tourism and Pedagogy”

Exploring the interplay of cultural heritage, tourism, and pedagogy within urban
environments, this study focuses on Lukang's Shih Yih Hall site. Introducing an Augmented
Reality Tourism System (ARTS), this smartphone-based platform utilizes 3D scans for a
dynamic interaction experience [64]. Comprising real-time viewing, space-switching, and AR
guide graphics, ARTS facilitates scenario initiation, projection, annotation, and customization.
The system's effectiveness is underscored by a Post-Study System Usability Questionnaire
(PSSUQ) evaluation, affirming its usability and utility in intertwining urban fabric, cultural

heritage tourism, and pedagogy.

Figure 2. Combination of real environments and 3D models
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“An integrated VR/AR framework for user-centric interactive experience of

cultural heritage: The ArkaeVision project”

ArkaeVision [65] redefines Cultural Heritage engagement through immersive
experiences. Its goal is an enriched exploration of monuments, artworks, and stories. This user-
centric system merges 3D exploration with digital fiction, exemplified by VR at Hera Il Temple
and AR at the Swimmer Tomb slab. Emotion is pivotal, spurring the use of HTC Vive for rapid
learning. Gamification further involves users, guiding choices to boost engagement.

ArkaeVision's approach shows promise for education and cultural experiences.

l

Figure 3. Overall view of Arkae Vision framework

“Mixed Reality for Cultural Heritage”

This paper introduces two Mixed Reality approaches for enhancing students'
understanding of ancient Greek culture and history [66]. The first explores the potential of AR in
museums, virtually augmenting ancient statues and providing visitor guidance. The second
addresses challenges in mobile and stationary VR systems for educational use in schools and
museums. Additionally, a novel VVR-streaming solution, SaMaXVR, is proposed, merging the
benefits of mobile and stationary VR while addressing their drawbacks. These cost-effective

11



alternative holds promise for educational institutions. A demo application showcases complex

3D scans, transporting users to historical contexts, and envisioning artifacts as they once were.

Figure 4. Athena with virtual Spear — Reconstructing parts with blue

“Rethinking the consequences of postmodern authenticity: the case of a

World Cultural Heritage in Augmented Reality”
Augmented Reality (AR) has significantly enhanced the tourism experience, influenced by
postmodern authenticity and presence theory. This study [67] examines the impact of
postmodern authenticity on Sense of Presence and Telepresence, along with their influence on
visitor satisfaction and travel intention at the AR-based World Cultural Heritage Site — Mount

Tai, China. Surveying 225 respondents, the findings reveal that postmodern authenticity
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positively correlates with presence, satisfaction, and travel intention, with a stronger effect
observed on the Sense of Presence. Both types of presence contribute positively to satisfaction
and travel intention, with Sense of Presence demonstrating a more pronounced effect. The study

holds implications for theory and management.

“Location-Based Augmented Reality for Cultural Heritage Education:
Creating Educational, Gamified Location-Based AR Applications for the

Prehistoric Lake Settlement of Dispilio”
This research introduces two educational location-based AR apps that employ gamification and
storytelling to convey cultural heritage insights about a prehistoric lake settlement [8]. The study
aims to inspire educators and guide them in creating captivating AR experiences for educational
trips to archaeological sites and museums. Preliminary evaluations involving higher education
and school students demonstrated promising results in terms of usability, student satisfaction,

and perceived educational value.

Congratulations!!
You have answered 15 questions
correctly and you have completed
the puzzie!!!!

Figure 5. Puzzle game from the application
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“Usability, user experience and mental workload in a mobile Augmented

Reality application for digital storytelling in cultural heritage”

This multimedia content aids users in comprehending the narratives and symbolism
within the images. Human factors play a pivotal role in such applications, ensuring that the user
remains focused and immersed without distractions. This paper delves into a case study
involving a mobile AR app designed to guide visitors through the interpretation of frescoes
within the Basilica of Saint Catherine of Alexandria in Galatina [7]. The research seeks to
explore the interconnectedness of usability, user experience, and mental workload in AR-based
digital storytelling.
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Figure 6. Proposed application demo
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“A Framework for Sharing Cultural Heritage Objects in Hybrid Virtual and

Augmented Reality Environments”

Expanding the social landscapes where ideas and interpretations are exchanged poses
hurdles for Extended Reality (XR) technologies. A key aspect of this challenge revolves around
grasping the essence of Extended Reality within the vast continuum between physical and virtual
realms. As users settle into this spectrum via their preferred devices, it becomes essential to
probe the feasibility of communication between users embracing different XR modes. This
chapter delves into three characteristics of virtual objects and delves into the notion of a Hybrid
Virtual and Augmented Reality (HVAR) environment [68]. It examines how users across various
realities could interact and communicate within a shared space through objects. HVAR
environments are seen as a promising avenue for interconnecting these realms, fostering
interactions around virtual objects, much akin to how social media empowers user-generated
content and collective interpretations. This hybrid space concept aims to bring together diverse

communities, fostering discussions about objects of interest.

Bronze Music Instrument

(a) (b)

Figure 7. (a) VR application and (b) AR application
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Chapter 4 — System Design (Methodology)

In this chapter, the focus revolves around game design and a comprehensive software
analysis of the application. It describes the game concept and the activities chosen to be
developed in the game to deliver the goals of it. Additionally, it explains how these elements
combine to provide an engaging and immersive user experience. Furthermore, a detailed
software analysis discloses the underlying architecture, coding techniques, and the technological
framework that powers the application. Through this in-depth analysis, the chapter aims to

provide readers with a comprehensive understanding of the application's core elements.

Game Design
This section focuses on discussing game design. This section will delve into the various
elements that constitute the game's design, including gameplay mechanics, user interfaces, and
game activities. By thoroughly examining the game design, a solid foundation will be established
for the subsequent software analysis, ensuring a holistic understanding of the application's

development and functionality.

Game Concept
The game concept is about presenting cultural buildings in the user's sight as they were in
real life. This requires a large area for the users to run the application, but in this way, the result
iIs more immersive, and the users can really experience the exploration of the virtual building as
they are insight. This is the core principle of the application. Present cultural buildings and try to
offer the most realistic experience to the user. The provided activities also help the user to

explore further every piece of information available for the buildings.

Game Activities
The application embraces game-based learning by providing captivating puzzles and
matching mini-games for user engagement. It takes a thoughtful approach to maintain an
immersive experience while preventing user disinterest. This is achieved by applying the
principles of flow theory, which strike a harmonious balance between enjoyable and adequately
challenging tasks. The presentation of content is guided by cognitive theory to optimize the
learning process. Additionally, a quest-like structure is incorporated into all activities, adding a

gamification element that imparts a sense of purpose and accomplishment.
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Observe the Buildings

Navigating within cultural buildings becomes a captivating journey in AR, offering users
the ability to traverse the intricacies of these structures with unprecedented detail. Every nook
and cranny is at the fingertips of the observer, revealing the inner workings and architectural
marvels that define these cultural gems. Through AR, users can immerse themselves in the
historical richness of these buildings, exploring the interiors with a level of detail that transcends
the limitations of traditional mediums. Technology allows for a dynamic encounter where users
can engage with virtual objects within the buildings, tapping into a reservoir of information,
sounds, and interactive features that breathe life into the cultural narratives housed within.

79,00 % =~
‘: it & e %

%

Figure 8. Cultural Building Viewing

Navigate Inside Buildings

Navigating within cultural buildings unfolds as a captivating exploration, granting users a
virtual passage through historical spaces with thorough attention to detail Figure 9. This is an
immersive experience for the users as they can walk through the interiors of cultural edifices and
explore the architecture, decor, and historical artifacts that can be found within the buildings.
From the arrangement of exhibits to the architectural intricacies, users can virtually step into the
past and explore the cultural richness of these spaces. This feature not only fosters a profound
connection with heritage sites but also serves as an educational tool, allowing users to absorb the
historical significance of each element within the building's interior.
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Figure 9. Navigation in internal space of the buildings [69]

Complete Puzzles

One of the activities available in the game involves solving puzzles related to cultural
monuments Figure 10. In this activity, players must collect scattered pieces and arrange them
within the designated outline of the fountain. The successful completion of the puzzle allows

them to view the 3D model of the actual monument.

Figure 10. Puzzle completion within the application

Puzzle games in augmented reality (AR) have demonstrated their appeal to children [70] .

However, it is essential to note that overly challenging puzzles could potentially diminish a
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player's confidence in the game [71]. To address this concern, the puzzles included in the
application are intentionally designed to be straightforward, featuring a limited number of pieces

for ease of solving.

Matching Labels

Matching labels is a classic activity usually found as mini games within applications,
offering an interactive and fun educational experience Figure 11. In this game, players are
presented with a set of labels that need to be correctly matched with corresponding objects or
locations. This type of activity engages the users in a cognitive challenge as they pair the labels
with the relevant elements. This activity not only enhances memory and cognitive skills but also
adds an element of fun to the learning process. The incorporation of such games aligns with the

principles of game-based learning, making education an engaging and enjoyable journey for

-

users exploring the cultural heritage presented in the application.

KataBo8pd

Figure 11. Matching labels

Interact with Objects

Engaging with virtual objects within the buildings provides users with the opportunity to
interact dynamically Figure 12. By tapping on these objects, users can explore them from various
perspectives, allowing for a comprehensive understanding. This interactive experience goes

beyond static observation, offering users the ability to access informative text, hear narrations,
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experience sounds associated with the objects, or simulate the working mechanisms of the
object. The application ensures a multi-sensory encounter, enabling users to rotate and move the
objects, providing a holistic exploration that enhances their cultural heritage experience. This
interactive feature aligns with the overarching principles of immersive augmented reality,
enriching the educational journey for users as they delve into the intricacies of historical artifacts

within the application.
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Figure 12. Interaction with objects within the buildings

Gameplay
The gameplay revolves around the exploration of the cultural buildings, from their
positioning in the environment to navigating their interiors. Users can place the building into
their environment and then look around for the details of it. While exploring, a variety of
activities unveil themselves, ready to be triggered at the user's discretion. These activities
manifest as quick mini games, providing brief yet engaging challenges. To maintain user
engagement, the application incorporates various interaction techniques, ensuring a dynamic and

immersive experience with the content.
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Software Design

Application Architecture
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Figure 13. Cultural Buildings application Architecture

The overall architecture of the application contains three main parts, namely:

a) the AR Functionality,

b) the data storage,

c) the management.
Each of these parts encloses a set of processes responsible for the functioning of the
application. The AR container defines and handles all the functions related to the
environment. Such functionalities are the recognition of the environment, detection of the
planes and surfaces within the environment, place the 3D object in it and assign anchors
where those objects are placed so it is possible to present the object on the correct place
even if it has been withdrawn from the scene and applied again.

The second container describes all the data that are stored within the application.

Such data contain all the information about the mini-games, the cultural buildings that are

imported in the application, and general rubrics about the application’s interactions
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mechanisms, which are required for the launching of the activities and mini-games
selectors.

The third container holds the managing functionalities of the system. These are
the Ul handling, the localization of the application, the activities and the mini-games

selector which is used to launch the activities when requested.

Components
Object a
Placement Anchor
Environment Plane Detection Ul Handler
Manager

Activities ﬂ | Activiti a
Handler —{ ) ctivities
IActivity
Cultural Buildings
ﬂ Application > a
3D Objects Selector —O S | Localization

13DObject T

ﬂ Interaction ﬂ

Mechanics

Information

Figure 14. Application's Components Diagram

Object Placement Anchor: This component is responsible for initializing and storing an anchor
containing the coordinates in the real world where an object is placed through the application.
Other components can use this anchor to instantiate additional objects in the same place or swap
back to the original object in the correct position.

Environment Manager: The environment manager detects and recognizes available planes for
the objects to be placed. This component is responsible for providing the available locations
where objects can be instantiated. Furthermore, this component manages the “Object Placement
Anchor” and “Plane Detection components”. Every functionality from these components Is

communicated to the rest of the application through this manager.
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Plane Detection: This component scans and detects the environment for the horizontal and
vertical planes available. This functionality is achieved through the native methods of each
platform, leaving this component to act as a wrapper mediator.

Ul Handler: Handling all the user interfaces of the application. Every option, notification, and
navigation menu respond to the “Ul Handler” commands. Through this component, every part of
the Ul is instantiated when it is required.

3D Objects Selector: The way that objects are selected and how they behave upon selection is
handled by this component.

Information: Information stores all the required data about the content of the application.
Interaction Mechanics: The various interaction mechanics within the application are stored and
accessed by this component.

Localization: Localization is a component that handles all the text of the application. This is the
official way for Unity to handle multilanguage applications, and in order to comply with this
design, this component stores the texts in Unity’s proposed structure.

Activities Handler: The “Activity Handler” is responsible for the instantiation of each activity,
as well as handling their overall lifecycle and ensuring their correct execution.

Activities: The “Activities” component describes the functionalities and content of each activity.

In this component, each activity is defined and awaits to be called from the “Activity Handler”.

Flowchart
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Figure 15. Basic Flow of the Application
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Chapter 5 — Implementation

The application integrates game-based learning through captivating puzzles and
interactive matching mini-games designed to engage users effectively. The principles of flow
theory are meticulously employed to create an immersive experience that sustains engagement.
By adeptly balancing enjoyable yet challenging tasks, the application ensures users remain
engrossed and enthusiastic.

Furthermore, cognitive theory guides the strategic presentation of content, optimizing
learning outcomes by delivering information in an effective manner. Adding to the experience, a
quest-like approach is embedded in all activities, serving as a gamification element that instills
users with a sense of purpose and accomplishment. This multifaceted approach amplifies user

engagement and enriches their interaction with the application.
Development Tools and Platforms

Unity

The Unity 3D game engine [72] serves as a software framework that simplifies the
creation of diverse applications like 2D, 3D, augmented reality, and virtual reality experiences. It
comes packed with pre-built features, handling complex concepts like rendering and physics that
can be daunting for users. Opting for this game engine for our project was driven by a few
compelling factors. Unity boasts a user-friendly interface that's accessible to newcomers. It offers
an extensive range of tutorials, catering from beginner to advanced levels, and well-structured
documentation about its development tools and functions.

Unlike other game engines, Unity stands out with its intuitive editor and drag-and-drop
capabilities, allowing content creation without coding. It's beginner-friendly and doesn't demand
any payment until you've reached a certain revenue level. Unity's popularity is backed by 45% of
independent developers who prefer it over other options. Sharing projects is a breeze with
Unity's project and asset store, enabling easy downloads and imports. Importing and exporting
projects are straightforward, thanks to its in-built tools.

Another asset of Unity is its compatibility with diverse platforms like Android, Windows,

Linux, and Xbox. Augmented reality and virtual reality support is another strong asset, offering
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various avenues for developing applications, with a significant portion not requiring specific
hardware. Finally, Unity’s built-in plug-ins for localization for easy conversion of languages in
game, arcore xr plugin for the AR capabilities of the game, textmeshpro for handling all the texts

in game and universal rp for rendering and shaders where used for this project.

AR Foundation

AR Foundation [73] is a library included in Unity's packages, responsible for engaging
with augmented reality concepts. This package facilitates essential AR functionalities such as
world tracking, light estimation, object tracking, human pose estimation, and eye tracking, while
new functionalities arrive with every version. AR Foundation is designed around subsystems,
each handling a distinct feature—Ilike plane detection having its dedicated subsystem. Its multi-
platform compatibility offers a uniform API for Android and iOS devices. To use AR
Foundation, requires the installation of platform-specific augmented reality packages (ARK:it for
i0S and ARCore for Android). These packages contain the subsystem implementations (while
AR Foundation supplies the interfaces). By wrapping the platform-specific implementations, AR

Foundation delivers a unified Unity API through subsystems.

AR Foundation Remote

The AR Foundation Remote plugin is a valuable addition to Unity's AR Foundation
toolkit. It simplifies the process of developing and testing augmented reality applications by
allowing real-time AR experiences to be viewed directly on a connected device. This plugin
bridges the gap between the Unity editor and the target device, enabling developers to observe
and interact with AR content seamlessly. Through AR Foundation Remote, developers can make
adjustments and refinements to their AR applications while seeing the immediate impact on the
connected device. This streamlined workflow accelerates the development cycle and enhances
the overall quality of AR experiences.

DOTween
DOTween is an animation engine for Unity that facilitates the creation of smooth and
dynamic animations effortlessly. With DOTween, developers can bring their game objects to life
by applying various animation effects, such as movement, rotation, scaling, and color changes.
The intuitive and straightforward APl provided by DOTween simplifies the process of creating

complex animations, making it accessible even to those with limited programming experience.
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The ability to create tween animations with DOTween enhances the visual appeal and
interactivity of Unity projects. This tool also contributes to improved user experiences by adding
fluidity and responsiveness to in-game actions. DOTween's popularity within the Unity
community is attributed to its user-friendly interface, robust features, and the efficient way it
handles animation sequences. Whether for games or other interactive applications, DOTween
empowers developers to enhance their projects by seamlessly incorporating animations that

captivate and engage users.

Quick Outline
The Quick Outline asset in Unity is a handy tool for enhancing the visual appeal of
objects in a game or application. It allows developers to easily create dynamic outlines around
3D models, adding a distinct visual effect that can be customized to suit the project's style. This
asset simplifies the process of highlighting objects, making them stand out in various scenarios,
such as highlighting interactive items or emphasizing characters during gameplay. With its user-
friendly features and versatility, the Quick Outline asset is a valuable addition to a developer's

toolkit, contributing to improved graphics and interactivity in Unity projects.
Code and Algorithms

Anchor Holding
In the Start function of the script, an “anchor” variable needs to be used for holding the
3D position of the anchor point. This will be achieved by passing the anchor point’s position
inside that variable. Then this variable can be used as a position parameter for object
instantiation. This results in the object will instantiate in the anchor point position.

Pseudocode

1. variable anchor: to hold the 3D position of the anchor point

variable objectPrefab: to hold the reference to the prefab you want to instantiate
function Start()

set the anchor position to a specific 3D anchor point

function Update()

o g~ w N

instantiate objectPrefab at the specified anchor position
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Figure 16. The anchor point position

Object Placement

For object placement an if statement is used. The if statement includes an

ARRaycastManager. Unity's ARRaycastManager, is used for performing raycasts in augmented

reality (AR) applications. The ARRaycastManager take three inputs: the TouchPosition

representing the screen coordinates of a touch or click input, the ARRaycastHit which is used to

store information about the result of raycast such as hit position and rotation, and

PlaneWithinPolygon which is the type of trackable that the raycast is looking for. If that

statement is true, the output is an instantiation of a 3D object prefab in the hit position.

Pseudocode

1.

© o N o o

variable objectPrefab: store a reference to the prefab you want to instantiate

2. variable arRaycastManager: store a reference to the ARRaycastManager component
3.
4

function Start()

initialize arRaycastManager by getting the ARRaycastManager component from the current
GameObiject

function Update()

if there is touch input do

get the first touch

if the touch phase is "began” do

pass to arRaycastManager the touch position, store the results in hits, and specify
TrackableType is PlaneWithinPolygon

10. if hit is detected do

11. instantiate the objectPrefab at the position and rotation of the first hit from the raycast
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script with Ul data is needed. The Ul data can take inputs like sprite data, button data and panel
data. The next move is attaching the script to scriptable objects and then scriptable objects to Ul

elements. The output will be a customized Ul belonging to the data passed from scriptable
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Figure 17. 3D object placed in AR plane

Scriptable Obijects for Ul

Scriptable Objects are the best solution for flexible Ul customization. To achieve this a

objects.

Pseudocode

1.

2
3.
4

o

7.
8.
9.

Create a script named "UlDataScript" to hold the Ul data

Define variables for Ul data (e.g., sprite data, button data, panel data)

Create a method in UlDataScript to set Ul customization data

Det the variables with the provided Ul customization data

In the Unity Editor:

Create Scriptable Objects of type UlData and attach UlDataScript to them
Customize each Scriptable Object with specific Ul data (sprites, buttons, panels)
In the Ul manager script:

Create variables to store references to Ul elements (e.g., sprites, buttons, panels)
Access the UlDataScript attached to the UlData Scriptable Object

Retrieve Ul customization data from UlDataScript

10. Apply the retrieved data to the corresponding Ul elements
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Figure 18. (a)The scriptable object settings and (b) the optical result in Ul

Enable Activities
For enabling activities, a 3D object triggering is used. This can be achieved if colliders
and tags are applied to 3D objects. Colliders are used to detect when an object is touched or
when it collides with other objects. Tags allow you to identify and categorize GameObjects in
your scene. A function with if statement can be used which takes as input the touch position and
a game object tag comparison. Then with the use of touch the game recognizes which activity
will take place.

Pseudocode

1. function Update()

if there is touch input do

get the first touch

create a variable ray to store a ray from the AR camera screen point to the touch position
use the ray, store the hit result in the variable hit

if the raycast hits an object do

if the hit object has the tag "Activity"

© N o o~ D

start activity
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Figure 19. 3D pointer for activity triggering

Localization
Localization is used for multi-language support inside the app. To achieve localization a
Localization Table is essential. This table gives all the data for text localization in the app. The
most important data is the localization key which is a unique identifier or string that is used to
reference a specific piece of text. Then these keys can be taken as data from scriptable objects
and scriptable object can be applied to the application texts.

Pseudocode

=

variable languages: Dictionary of String to Dictionary of String to String
method LocalizationTable()

input new Dictionary() to languages variable

method AddLanguage(languageCode)

if not languages contains languageCode do

add languageCode to Dictionary

method AddTranslation(languageCode, key, translation)

if languages contains languageCode do

© o N o gk~ w DN

languageCode and key equals to translation
10. else do
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11. output "Language does not exist. Add the language first."

12. method GetTranslation(languageCode, key)

13. if languages contains languageCode and languageCode contains key do
14. return languageCode and key

15. else do

16. output "Translation not found."

17. function Update()

18. input new LocalizationTable() to localizationTable variable

19. AddLanguage("language") to localizationTable

20. AddTranslation(*language”, "key", "String™) to localizationTable

21. output GetTranslation("language”, "key") from localizationTable

odigies

description

3. You should have at least 6 meters of space.

Figure 20. Localization table for Ul

Object Random Position Spawning Mechanic
In the app a random spawning mechanic is used. To achieve this, a shuffle function with
a for loop is needed. This function takes as input a list of positions, then the for loop takes as
input the length of this positions and places each one at a random point. When this is done,
another function is called which is used for object spawning. This function takes input a list of
3D objects and uses a for loop for instantiation. The for is keep looping until the number of 3D
objects is completed. Inside the loop each 3D object instantiates in one of the random positions

previously made.
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Pseudocode

© © N o g bk~ w

variable puzzleObijects: a list to store GameQObjects representing puzzle pieces

variable spawnersPositions: a list to store Vector3 positions representing spawners for
puzzle pieces

method ShuffleList(Vector3 list)

foreach element in the list do

swap the current element with a randomly selected element in the list

method InsantiatePuzzleObjects

Initialize an index variable to 1

foreach GameObiject in the puzzleObjects list do

instantiate the current GameObject at the position specified by the corresponding

spawnersPositions element

10. increment the index variable by 1

Figure 21. 3D objects spawned in random positions

System Requirements

The application is developed with low cost and portable devices in mind. For this reason

the system requirements can be provided by the simpler smart phones published in market within

the last 3-5 years. The only requirement for the device is to support AR Core or ARKit. The

recommended hardware requirements for a smooth execution of the application include 6GB of
RAM and a good CPU like the Snapdragon 845.
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Chapter 6 — Results and Discussion

To evaluate the application, 7 users participated in a study using the application and, after
that, answered the Game Experience Questionnaire (GEQ) [74]. This questionnaire was selected
because the proposed application offers a gamified experience, and it adapts mostly to the flow
of a game rather than a conventional mobile application. Table 1 shows the questionnaire with
the average score per question from the users. From this questionnaire, the in-game GEQ was
selected which is a sorted questionnaire for the Core Module. This is because the Core Module
was too long and contained questions that were not the focus of this study.

Table 1. Game Experience Questionnaire Scores

Question Avg. Score ‘
1. I was interested in the game’s story 30
2. | felt successful 31
3. | feltbored 12
4. 1 found it impressive 30
5. | forgot everything about me 21
6. | felt frustrated 8
7. |1 found it tiresome 7
8. | feltirritable 7
9. | felt skillful 28
10. | felt completely absorbed 26
11. | felt content 30
12. | felt challenged 23
13. I had to put a lot of effort into it 17
14. 1 felt good 32

GEQ separates the questions into seven categories namely: a) Competence, b) Sensory
and Imaginative Immersion, ¢) Flow, d) Tension, e) Challenge, f) Negative effect, and Q)
Positive effect. In the following tables (Tables 2-8) the questions for each category are outlined
with the answers of the users in each question. Although the questionnaire has received criticism

[75] as not a reliable source, it can provide a first impression of the resulting application.
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The experimental process developed with the preparation of a Google Form. This form
housed the 14 questions derived from the GEQ questionnaire. This form was made accessible
through a public URL, eliminating the need for an email address or login credentials from
participants. The initial page of the form presented a comprehensive project description,
including the objectives, required legal information concerning personal data storage, and
potential risks. Furthermore, the description provided guidelines for participation and
withdrawal.

Upon finalizing the form, invitations were extended to familiar student groups of the
Hellenic Mediterranean University, AISE, NILE lab members, and collaborators to install and
actively engage with the resultant application. Instructions on how to use the application were
not given, despite the information already available within the app. This decision was based on
the desire to not influence the users on how they should engage. The procedure occurred during
the personal time and in the individual settings of the participants. After completion of the
application experimentation, participants were requested to complete the questionnaire,
providing valuable insights into their experience.

Table 2. Competence Scores
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The Competence average score is 59 deriving from questions 2 and 9. Table 2 shows the
distribution of the answers between the users in those questions. As can be observed the score for
this component is high with most users feeling successful while using the application, and
skillful. From the distribution in question 9, two users have answered that they do not feel that
skillful. This is because the activities are not designed to be hard or require an advanced skill set

to be completed.
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Table 3. Sensory and Imaginative Immersion
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The Sensory and Imaginative Immersion average score is 60 deriving from questions 1 and 4.
Table 3 shows the distribution of the answers between the users in those questions. From these
plots, is inferred that the users were immersed in the augmented virtual environment of the

application, while they found the story implied in the information offered for the buildings

Interesting.
Table 4. Flow
5. | forgot everything around me 10. | felt completely absorbed

7 7

6 6

54 5
i n
@ @
24 3 4]
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The Flow average score is 47 deriving from questions 5 and 10. Table 4 shows the distribution of
the answers between the users in those questions. The flow components score is low, and that
means that the users were not completely absorbed by the application. It is important to mention
that the answers to these questions are not reliable as the users might misunderstand the
questions and base their answers on the environment. If this is the case it is natural as the game is

in AR so the users are aware of the environment most of the time.
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Table 5. Tension

6. | felt frustrated 8. | felt irritable

7 7

6 6
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Level of agreement Level of agreement

The Tension average score is 15 deriving from questions 6 and 8. Table 5 shows the distribution
of the answers between the users in those questions. Tension components answers are on the
lowest possible values, except for one user the answer presents possible frustration. This
confirms the choices about activities flow and difficulty levels within the application. It is
important at this stage that the game ensures a relaxing experience.

Table 6. Challenge

12. | felt challenged 13. | had to put a lot of effort into it

7 7

6 64

5 54
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The Challenge average score is 40 deriving from questions 12 and 13. Table 6 shows the
distribution of the answers between the users in those questions. These questions show that the
challenge levels of the activities are not high. This is intentional, as the application addresses a
wide range of users, where not everyone likes to be challenged. At this point, it is important to
note that we have not taken into account player styles which might reveal that some of the users

would like higher levels of tension, and the desire to feel skillful and challenged. Measuring the
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player styles and possibly trying to adapt these levels depending on the style within the
application in real-time would be an interesting feature for future work.
Table 7. Negative effect

; 3. | felt bored ; 7. 1 found it tiresome

64 64
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The Negative effect average score is 19 deriving from questions 3 and 7. Table 7 shows the
distribution of the answers between the users in those questions. Negative effect components
conclude that the game is pleasant to engage in (question 7). Question 3 shows that some users
find the game boring. This effect might be due to the player styles which we have not considered
at this stage.

Table 8. Positive effect

11. | felt content 14. | felt good

7 7
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The Positive effect average score is 62 deriving from questions 11 and 14. Table 8 shows the
distribution of the answers between the users in those questions. Finally, from these questions,
the conclusion is that the application leaves a good feeling of satisfaction and happiness to the

users.
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Chapter 7 — Conclusion and Future Work

Conclusion

In this thesis, a gamified application for cultural building promotion using AR is
presented. Through the application, the user has the ability to navigate and observe cultural
buildings from every angle and engage in activities provided within those buildings. The
application provides information about those buildings to the user when requested. This type of
presentation and interaction with cultural buildings in AR has shown that user perception has
increased. Through those mini-games, interest in, and engagement with the content are highly
increased, leading to high user satisfaction levels.

Future Work

Create a user-friendly interface in Unity for non-programmers to add new buildings and
configure activities. This intuitive interface should allow users to add new buildings with details
like names, descriptions, and visual representations. This interface should facilitate the definition
of essential information about buildings, activities, and mini games. Users should be able to use
visual or audio tools integrated into Unity's interface or inspector. To enhance accessibility,
visual tools should support drag-and-drop functionality, graphical parameter settings, and
tooltips for guidance. Audio tools can provide spoken prompts, ensuring an inclusive experience.
This approach aims to democratize the customization of the virtual environment, making it

accessible to a broader audience with diverse skill sets and abilities.

38



[1]

[2]
3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

References Or Bibliography

P. Milgram and F. Kishino, “A Taxonomy of Mixed Reality Visual Displays,” IEICE
Trans. Inf. Syst., vol. E77-D, pp. 1321-1329, 1994.

T. Ronald, “Azuma A Survey of Augmented Reality.”

D. W. F. van Krevelen and R. Poelman, “A Survey of Augmented Reality Technologies,
Applications and Limitations,” Int. J. Virtual Real., vol. 9, no. 2, pp. 1-20, 2010.

M. Mekni and A. Lemieux, “Augmented Reality : Applications , Challenges and Future
Trends,” 2014.

S. Minaee, X. Liang, and S. Yan, “Modern Augmented Reality: Applications, Trends,
and Future Directions,” Feb. 2022, Accessed: Apr. 29, 2023. [Online]. Available:
https://arxiv.org/abs/2202.09450v2.

B. Fanini, A. Pagano, E. Pietroni, D. Ferdani, E. Demetrescu, and A. Palombini,
“Augmented Reality for Cultural Heritage,” in Springer Handbook of Augmented Reality,
A.Y.C.NeeandS. K. Ong, Eds. Cham: Springer International Publishing, 2023, pp.
391-411.

L. T. De Paolis, C. Gatto, L. Corchia, and V. De Luca, “Usability, user experience and
mental workload in a mobile Augmented Reality application for digital storytelling in
cultural heritage,” Virtual Real., vol. 27, no. 2, pp. 1117-1143, Jun. 2023, doi:
10.1007/S10055-022-00712-9/FIGURES/20.

A. Kleftodimos, M. Moustaka, and A. Evagelou, “Location-Based Augmented Reality for
Cultural Heritage Education: Creating Educational, Gamified Location-Based AR
Applications for the Prehistoric Lake Settlement of Dispilio,” Digit. 2023, Vol. 3, Pages
18-45, vol. 3, no. 1, pp. 18-45, Jan. 2023, doi: 10.3390/DIGITAL3010002.

S. Doolani et al., “A Review of Extended Reality (XR) Technologies for Manufacturing
Training,” Technologies, vol. 8, no. 4, p. 77, 2020, doi: 10.3390/technologies8040077.

I. Logothetis, K. Karampidis, N. Vidakis, and G. Papadourakis, “Hand Interaction
Toolset for Augmented Reality Environments,” in International Conference on Extended
Reality, 2022, pp. 185-199.

J. V Pavlik, “Experiential media and transforming storytelling: A theoretical analysis,” J.
Creat. Ind. Cult. Stud., no. 3, pp. 4667, 2018.

M. Casini, “Extended Reality for Smart Building Operation and Maintenance: A
Review,” Energies 2022, Vol. 15, Page 3785, vol. 15, no. 10, p. 3785, May 2022, doi:
10.3390/EN15103785.

X. Tu, J. Autiosalo, R. Ala-Laurinaho, C. Yang, P. Salminen, and K. Tammi, “TwinXR:
Method for using digital twin descriptions in industrial eXtended reality applications,”

39



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Front. Virtual Real., vol. 4, p. 1019080, Jan. 2023, doi:
10.3389/FRVIR.2023.1019080/BIBTEX.

Khronos, “OpenXR Overview - The Khronos Group Inc.”
https://www.khronos.org/openxr/ (accessed Aug. 22, 2023).

S. K. Kim, S. J. Kang, Y. J. Choi, M. H. Choi, and M. Hong, “Augmented-reality survey:
From concept to application,” KSII Trans. Internet Inf. Syst., vol. 11, no. 2, pp. 982—
1004, 2017, doi: 10.3837/tiis.2017.02.019.

E. S. Goh, M. S. Sunar, and A. W. Ismail, “3D object manipulation techniques in
handheld mobile augmented reality interface: A review,” IEEE Access, vol. 7, pp. 40581—
40601, 2019, doi: 10.1109/ACCESS.2019.2906394.

R. Azuma, Y. Baillot, R. Behringer, S. Feiner, S. Julier, and B. MaclIntyre, “Recent
advances in augmented reality,” IEEE Comput. Graph. Appl., vol. 21, no. 6, pp. 34-47,
2001, doi: 10.1109/38.963459.

F. Zhou, H. Duh, and M. Billinghurst, “Trends in Augmented Reality Tracking,
Interaction and Display: A Review of Ten Years of ISMAR,” 2008 7th IEEE/ACM Int.
Symp. Mix. Augment. Real., vol. 2, pp. 193-202, Sep. 2008, doi:
10.1109/ISMAR.2008.4637362.

I. Rabbi and S. Ullah, “A Survey on Augmented Reality Challenges and Tracking
Authors Abstract : Keywords :,” vol. 24, pp. 29-46, 2013, [Online]. Available:
http://hrcak.srce.hr/file/150828.

X. Wang, S. K. Ong, and A. Y. C. Nee, “A comprehensive survey of augmented reality
assembly research,” Adv. Manuf., vol. 4, no. 1, pp. 1-22, 2016, doi: 10.1007/s40436-015-
0131-4.

Y. F. Cheng, H. Yin, Y. Yan, J. Gugenheimer, and D. Lindlbauer, “Towards
Understanding Diminished Reality,” Conf. Hum. Factors Comput. Syst. - Proc., 2022,
doi: 10.1145/3491102.3517452.

A. Dave, M. Kang, J. Hwang, M. Lorenzo, and P. Oh, “Towards Smart Classroom:
Affordable and Simple Approach to Dynamic Projection Mapping for Education, ” 2020
10th Annu. Comput. Commun. Work. Conf. CCWC 2020, pp. 942-947, Jan. 2020, doi:
10.1109/CCWC47524.2020.9031145.

Y. Jin, J. O. Seo, J. G. Lee, S. Ahn, and S. U. Han, “BIM-Based Spatial Augmented
Reality (SAR) for Architectural Design Collaboration: A Proof of Concept,” Appl. Sci.
2020, Vol. 10, Page 5915, vol. 10, no. 17, p. 5915, Aug. 2020, doi:
10.3390/APP10175915.

H. Kim, Y. T. Kwon, H. R. Lim, J. H. Kim, Y. S. Kim, and W. H. Yeo, “Recent
Advances in Wearable Sensors and Integrated Functional Devices for Virtual and

40



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Augmented Reality Applications,” Adv. Funct. Mater., vol. 31, no. 39, p. 2005692, Sep.
2021, doi: 10.1002/ADFM.202005692.

I. Wohlgenannt, A. Simons, and S. Stieglitz, “Virtual Reality,” Bus. Inf. Syst. Eng., vol.
62, no. 5, pp. 455-461, 2020, doi: 10.1007/s12599-020-00658-9.

E. Dincelli and A. Yayla, “Immersive virtual reality in the age of the Metaverse: A
hybrid-narrative review based on the technology affordance perspective,” J. Strateg. Inf.
Syst., vol. 31, no. 2, p. 101717, Jun. 2022, doi: 10.1016/J.JS1S.2022.101717.

C. Snelson and Y. C. Hsu, “Educational 360-Degree Videos in Virtual Reality: a Scoping
Review of the Emerging Research,” TechTrends, vol. 64, no. 3, pp. 404412, May 2020,
doi: 10.1007/S11528-019-00474-3/METRICS.

S. Rothe, D. Buschek, and H. Hulmann, “Guidance in Cinematic Virtual Reality-
Taxonomy, Research Status and Challenges,” Multimodal Technol. Interact. 2019, Vol. 3,
Page 19, vol. 3, no. 1, p. 19, Mar. 2019, doi: 10.3390/MT13010019.

S. Mystakidis, E. Berki, and J. P. Valtanen, “Deep and Meaningful E-Learning with
Social Virtual Reality Environments in Higher Education: A Systematic Literature
Review,” Appl. Sci. 2021, Vol. 11, Page 2412, vol. 11, no. 5, p. 2412, Mar. 2021, doi:
10.3390/APP11052412.

“What is mixed reality?,” Article, 2023. https://learn.microsoft.com/en-
us/windows/mixed-reality/discover/mixed-reality (accessed Sep. 02, 2023).

M. Wolf, J. Teizer, B. Wolf, S. Biikrii, and A. Solberg, “Investigating hazard recognition
in augmented virtuality for personalized feedback in construction safety education and
training,” Adv. Eng. Informatics, vol. 51, p. 101469, Jan. 2022, doi:
10.1016/J.AE1.2021.101469.

T.C. Wuand C. T. B. Ho, “A scoping review of metaverse in emergency medicine,”
Australas. Emerg. Care, vol. 26, no. 1, pp. 75-83, Mar. 2023, doi:
10.1016/J.AUEC.2022.08.002.

H. Lee, H. Kim, T. Jun, W. Son, C. Kim, and M. Yoon, “Hybrid Approach of
Holography and Augmented-Reality Reconstruction Optimizations for Hyper-Reality
Metaverse Video Applications,” IEEE Trans. Broadcast., pp. 1-11, Sep. 2023, doi:
10.1109/TBC.2023.3308328.

Z. R. Mahayuddin and A. Saif, “Augmented reality based AR alphabets towards

improved learning process in primary education system,” J. Crit. Rev., vol. 7, no. 19, pp.
514-521, 2020.

J. Hamari, D. Shernoff, E. Rowe, B. Coller, J. Asbell-Clarke, and T. Edwards,
“Challenging games help students learn: An empirical study on engagement, flow and
immersion in game-based learning,” Comput. Human Behav., 2016, doi:
10.1016/j.chb.2015.07.045.

41



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

P. Fotaris, T. Mastoras, R. Leinfellner, and Y. Rosunally, “Climbing Up the Leaderboard:
An Empirical Study of Applying Gamification Techniques to a Computer Programming
Class,” Electron. J. e-Learning, vol. 14, pp. 95-110, 2016.

T. Sitzmann, “A meta-analytic examination of the instructional effectiveness of
computer-based simulation games,” Pers. Psychol., vol. 64, pp. 489-528, 2011, doi:
10.1111/j.1744-6570.2011.01190.x.

M. Prensky, “Digital game-based learning,” Comput. Entertain., vol. 1, no. 1, p. 21,
2003.

S. Poultsakis, S. Papadakis, M. Kalogiannakis, and S. Psycharis, “The management of
Digital Learning Objects of Natural Sciences and Digital Experiment Simulation Tools
by teachers,” Adv. Mob. Learn. Educ. Res., vol. 1, no. 2, pp. 58-71, 2021, doi:
10.25082/amler.2021.02.002.

M. J. Sousa and A. Rocha, “Game based learning contexts for soft skills development,”
in World Conference on Information Systems and Technologies, 2017, pp. 931-940.

I. Katsaris and N. Vidakis, “Adaptive e-learning systems through learning styles: A
review of the literature,” Adv. Mob. Learn. Educ. Res., vol. 1, pp. 124-145, 2021, doi:
10.25082/AMLER.2021.02.007.

J. P. Gee, “What video games have to teach us about learning and literacy,” Comput.
Entertain., vol. 1, no. 1, p. 20, 2003.

K. Barianos, A. Papadakis, and N. Vidakis, “Content manager for serious games:
Theoretical framework and digital platform,” vol. 2, pp. 251-262, 2022, doi:
10.25082/AMLER.2022.01.009.

K. M. Kapp, The gamification of learning and instruction: game-based methods and
strategies for training and education. John Wiley \& Sons, 2012.

S. Deterding, M. Sicart, L. Nacke, K. O’Hara, and D. Dixon, “Gamification. Using
Game-Design Elements in Non-Gaming Contexts,” in CHI ’11 Extended Abstracts on
Human Factors in Computing Systems, 2011, pp. 24252428, doi:
10.1145/1979742.1979575.

R. Brewer, L. Anthony, Q. Brown, G. Irwin, J. Nias, and B. Tate, “Using Gamification to
Motivate Children to Complete Empirical Studies in Lab Environments,” in Proceedings
of the 12th International Conference on Interaction Design and Children, 2013, pp. 388—
391, doi: 10.1145/2485760.2485816.

K. Davis, H. Sridharan, L. Koepke, S. Singh, and R. Boiko, “Learning and engagement in
a gamified course: Investigating the effects of student characteristics,” J. Comput. Assist.
Learn., vol. 34, no. 5, pp. 492-503, 2018, doi: https://doi.org/10.1111/jcal.12254.

G. C. Diniz, M. A. G. Silva, M. A. Gerosa, and I. Steinmacher, “Using Gamification to
Orient and Motivate Students to Contribute to OSS Projects,” in 2017 IEEE/ACM 10th

42



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

International Workshop on Cooperative and Human Aspects of Software Engineering
(CHASE), 2017, pp. 3642, doi: 10.1109/CHASE.2017.7.

A. l. Wang and A. Lieberoth, “The effect of points and audio on concentration,
engagement, enjoyment, learning, motivation, and classroom dynamics using Kahoot,” in
European conference on games based learning, 2016, vol. 20.

K. F. Hew, B. Huang, K. W. S. Chu, and D. K. W. Chiu, “Engaging Asian students
through game mechanics: Findings from two experiment studies,” Comput. Educ., vol.
92-93, pp. 221-236, 2016, doi: https://doi.org/10.1016/j.compedu.2015.10.010.

K. Seaborn and D. I. Fels, “Gamification in theory and action: A survey, ” Int. J. Hum.
Comput. Stud., vol. 74, pp. 14-31, 2015, doi: https://doi.org/10.1016/j.ijhcs.2014.09.006.

A. Suh, C. Wagner, and L. Liu, “Enhancing User Engagement through Gamification,” J.
Comput. Inf. Syst., vol. 58, no. 3, pp. 204-213, 2018, doi:
10.1080/08874417.2016.1229143.

L. Ding, E. Er, and M. Orey, “An exploratory study of student engagement in gamified
online discussions,” Comput. Educ., vol. 120, pp. 213-226, 2018, doi:
https://doi.org/10.1016/j.compedu.2018.02.007.

H. Wang and C.-T. Sun, “Game reward systems: Gaming experiences and social
meanings.,” in DIGRA conference, 2011, vol. 114.

K. Werbach and D. Hunter, The gamification toolkit: dynamics, mechanics, and
components for the win. University of Pennsylvania Press, 2015.

J. C. Burguillo, “Using game theory and Competition-based Learning to stimulate student
motivation and performance,” Comput. Educ., vol. 55, no. 2, pp. 566-575, 2010, doi:
https://doi.org/10.1016/j.compedu.2010.02.018.

M. Sailer, J. U. Hense, S. K. Mayr, and H. Mandl, “How gamification motivates: An
experimental study of the effects of specific game design elements on psychological need
satisfaction,” Comput. Human Behav., vol. 69, pp. 371-380, 2017, doi:
https://doi.org/10.1016/j.chb.2016.12.033.

F. F.-H. Nah, Q. Zeng, V. R. Telaprolu, A. P. Ayyappa, and B. Eschenbrenner,
“Gamification of education: a review of literature,” in International conference on hci in
business, 2014, pp. 401-409.

B. Butler and C. Bodnar, “Establishing the Impact that Gamified Homework Portals Can
Have on Students’ Academic Motivation,” 2017.

E. Kim, L. Rothrock, and A. Freivalds, “The effects of Gamification on engineering lab

activities,” in 2016 IEEE Frontiers in Education Conference (FIE), 2016, pp. 1-6, doi:
10.1109/FIE.2016.7757442.

43



[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

E. D. Mekler, F. Brithimann, A. N. Tuch, and K. Opwis, “Towards understanding the
effects of individual gamification elements on intrinsic motivation and performance,”
Comput. Human Behav., vol. 71, pp. 525-534, 2017, doi:
https://doi.org/10.1016/j.chb.2015.08.048.

F. Roosta, F. Taghiyareh, and M. Mosharraf, “Personalization of gamification-elements
in an e-learning environment based on learners’ motivation,” in 2016 8th International
Symposium on Telecommunications (IST), 2016, pp. 637-642, doi:
10.1109/ISTEL.2016.7881899.

L. A. Annetta, “The ‘I’s’ have it: A framework for serious educational game design,”
Rev. Gen. Psychol., vol. 14, no. 2, pp. 105-113, 2010.

N. J. Shih, P. H. Diao, and Y. Chen, “ARTS, an AR Tourism System, for the Integration
of 3D Scanning and Smartphone AR in Cultural Heritage Tourism and Pedagogy,”
Sensors 2019, Vol. 19, Page 3725, vol. 19, no. 17, p. 3725, Aug. 2019, doi:
10.3390/519173725.

G. Bozzelli et al., “An integrated VR/AR framework for user-centric interactive
experience of cultural heritage: The ArkaeVision project,” Digit. Appl. Archaeol. Cult.
Herit., vol. 15, p. e00124, Dec. 2019, doi: 10.1016/J.DAACH.2019.E00124.

D. A. Plecher, M. Wandinger, and G. Klinker, “Mixed reality for cultural heritage,” 26th
IEEE Conf. Virtual Real. 3D User Interfaces, VR 2019 - Proc., pp. 1618-1622, Mar.
2019, doi: 10.1109/VR.2019.8797846.

C. Zhu, L. H. N. Fong, and M. Gan, “Rethinking the consequences of postmodern
authenticity: the case of a World Cultural Heritage in Augmented Reality,”
https://doi.org/10.1080/13683500.2022.2033181, vol. 26, no. 4, pp. 617-631, 2022, doi:
10.1080/13683500.2022.2033181.

Y. Li and E. Ch’ng, “A Framework for Sharing Cultural Heritage Objects in Hybrid
Virtual and Augmented Reality Environments,” Springer Ser. Cult. Comput., pp. 471-
492, 2022, doi: 10.1007/978-3-030-77028-0_23/TABLES/5.

I. Logothetis, I. Katsaris, M. Sfyrakis, and N. Vidakis, “3D Geography Course Using AR:
The Case of the Map of Greece,” Lect. Notes Comput. Sci. (including Subser. Lect. Notes
Artif. Intell. Lect. Notes Bioinformatics), vol. 14041 LNCS, pp. 170-182, 2023, doi:
10.1007/978-3-031-34550-0_12.

G. I. Hapsari, G. A. Mutiara, and R. Chaidir, “Dental health education game based-on
IRVO model in augmented reality technology,” J. INFOTEL, vol. 14, no. 2, pp. 108=115-
108=115, May 2022, doi: 10.20895/INFOTEL.V1412.760.

S.J. Lu, Y. C. Liu, P. J. Chen, and M. R. Hsieh, “Evaluation of AR embedded physical
puzzle game on students’ learning achievement and motivation on elementary natural
science,” https://doi.org/10.1080/10494820.2018.1541908, vol. 28, no. 4, pp. 451-463,
May 2018, doi: 10.1080/10494820.2018.1541908.

44



[72]

[73]

[74]

[75]

“No Title.” https://unity.com/unity/features/arfoundation (accessed Oct. 20, 2022).

ARFoundation, “AR Foundation.” https://unity.com/unity/features/arfoundation
(accessed Oct. 20, 2022).

W. A. Ijsselsteijn, D. Kort, and Y. A. W. & Poels, “GAME EXPERIENCE
QUESTIONNAIRE.”

E. L. C. Law, F. Brithlmann, and E. D. Mekler, “Systematic review and validation of the
game experience questionnaire (GEQ) — Implications for citation and reporting practice,”
CHI Play 2018 - Proc. 2018 Annu. Symp. Comput. Interact. Play, pp. 271-283, Oct.
2018, doi: 10.1145/3242671.3242683.

45



