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Virtual and Augumented Reality in Education

Chapter 1

Design Models for Developing Educational Virtual Reality Environments: A Systematic Review ...... 1
Ali Gerif, Manisa Celal Bayar University, Turkey
Nesrin Ozdener, Marmara University, Turkey

Virtual reality, although not a new technology, has rapidly increased its popularity in the last few years.
As aresult, their use in educational environments has been a topic of interest in academic research. One
of the first questions asked by education researchers has been, “How can we design an effective virtual
reality environment?”, which led to the development of many design models for the preparation of
educational virtual reality environments based on various approaches. These design models have been
systematically examined in terms of themes and codes within this study, in hopes this chapter may be
of importance for guiding researchers who want to design an educational virtual reality environment or
create a design model.

Chapter 2

Role of Immersive (XR) Technologies in Improving Healthcare Competencies: A Review ............... 23
Prabha Susy Mathew, Bishop Cottons Women’s Christian College, India
Anitha S. Pillai, Hindustan Institute of Technology and Science, India

Immersive technology refers to technology that enhances reality by blending the physical environment
with virtual content or by completely taking the user to a virtual world far away from reality. Different
immersive technologies are augmented reality (AR), virtual reality (VR), and mixed reality (MR). As
immersive technology is becoming more affordable, user-friendly, pervasive, and ubiquitous, it’s been
adopted and embraced by several industries. Though its early adopters were from the gaming industry,
now it’s explored and used by many other industries such as mining, healthcare, and medicine, retail,
education, automotive, manufacturing, etc. Using these technologies, medical professionals can improve
their competencies, and they will be able to effectively transfer the skill acquired through simulations
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to the operation theatre. This chapter focuses on uses, benefits, and adoption challenges of Immersive
technologies with specific reference to healthcare training.

Chapter 3

Nursing Education in the Era of Virtual Reality..........ccocciiiiiiiiiiiiiiee e 47
Derya Uzelli Yilmaz, Izmir Kdtip Celebi University, Turkey
Sevil Hamarat Tuncali, Izmir Kdtip Celebi University, Turkey
Yusuf Yilmaz, Ege University, Turkey

Today’s new technologies have impacted many different areas of education, with nursing education one
such area. Nursing education, as a learning process, targets the combination of cognitive, affective, and
psychomotor learning domains. However, traditional teaching methods may not meet all of the Y and Z
generations’ learning needs. Today’s learners are accustomed to multimedia learning environments and
have come to expect a certain level of technology integrated into their curricula. Virtual Reality (VR)
technology enables students to become immersed within a 360-degree view experience of scenes that
have been completely digitally created, whilst no longer viewing the real world around them. Virtual
simulation has been used to teach communication, disaster relief, teamwork, and interviewing techniques,
among other skills; and can also provide immersive personalized learning experiences. This chapter
presents some of the many facets of VR in today’s nursing education.

Chapter 4
Constructing Virtual Radio Center: Providing Visuality to SOUnds.........ccecceeveeieeneeneenenneeniceneeenn 71
Nazime Tuncay, Bahgegehir Cyprus University, Cyprus

Radio channels lack visuality and virtual reality platforms are designed to overcome this problem.
Virtual objects are very common these days and people get used to virtual platforms. Does this mean
people are ready to be involved in such a system? Is this necessary? How to make sounds visible? Use
of Virtual Reality is growing rapidly in industry as well as in education area. This chapter is about the
virtual radio center construction necessities, usefulness, and its adaptability to real life and to courses.

Chapter 5
Gamification: To Engage IS 10 Learn......c.ccccuiiiiiiieiiiieii ettt ettt st e et e eeae e e ennee s 81
Biancamaria Mori, MenteZero, Italy

This chapter will discuss Gamification and video games, analyzing their peculiarities. After a brief
historical introduction to the disciplines that intertwine the design of Gamification applications, such as
User interaction, User Interface, and Game Design, authors analyze the real areas in which Gamification
can be applied with verifiable results, citing scientific studies and examples of applications. We will
see then how from the video games Toca Boca for children, to the “tourist” version of Assassin’s Creed
Oringis presented at the British Museum, up to the latest interactive applications for business training,
the techniques of the game are exceeding the playful areas to make more deep human interaction with
the real surrounding it.
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Chapter 6
Ubiquitous Self: From Self-Portrait t0 SEIfie..........cvvvevieiciireiieeieeeieeeee et 93
Giorgio Cipolletta, University of Macerata, Italy

In 2013, the Oxford Dictionaries announced “selfie” as the word of the year. The dictionary defined it
as “a photograph that one has taken of oneself, typically one taken with a smartphone or webcam and
uploaded to a social media website.” Selfies are also a complex form of social interaction, an emerging
aesthetics, thus having an irrevocable impact on self-portraiture. All visual culture revolves around the
body and the body par excellence is the face. The 21st century portrait represents a kind of black mirror
where we project ourselves into a kind of blindness. Mask and face are confused by an omnipresent
multividuality in which the shield reveals itself and reveals other possible worlds. The face-mask melts
in between Real and Virtual and the self becomes augmented.

Section 2
Virtual and Augmented Reality in Art and Museums

Chapter 7
Reinventing Museums in 21st Century: Implementing Augmented Reality and Virtual Reality
Technologies Alongside Social Media’s LOZICS .....cc.eeiuiiiiierieiniiiiieieeieeieeie e e 117
Antonios Kargas, National and Kapodistrian University of Athens, Greece
Nikoletta Karitsioti, Department of Political Sciences and International Relations, University
of Peloponnese, Greece
Georgios Loumos, COMIC, Greece

The forthcoming Industry 4.0 is expected to change not only manufacturing and industrial services, but
will rearrange how services are offered in a variety of sectors, including museum’s services. Museums
will inevitably be led to more digital (VR & AR) and promoting (Social Media) paths. A forthcoming
“digital convergence” between VR & AR technologies and social media’s promoting logic could enlarge
museums’ potentialities in attracting more visitors, younger visitors, while new patterns for connecting
learning effects and amusement should be established. This chapter contributes to the following: e
Presenting existing theoretical and empirical research on Virtual Reality and Augmented Reality
technological implementation in Museums. ® Presenting current tensions on social media’s usage from
cultural organizations. @ Exploring how VR & AR applications can incorporate various elements coming
from social media operational logic.

Chapter 8

Employing Digital Reality Technologies in Art Exhibitions and Museums: A Global Survey of

Best Practices and IMPIICALIONS .........cocueriiiriiiriieieeie ettt ettt st st e 139
Yowei Kang, National Taiwan Ocean University, Taiwan
Kenneth C. C. Yang, The University of Texas at El Paso, USA

The global AR, MR, and VR markets will reach USD$40.6 billion in 2019. As a result, digital reality
technologies have become a key component of promoting art exhibition and museum industries to
the general public around the world. Emerging applications such as ARCHEOGUIDE, ARCO, and
3D-MURALE have allowed museum-goers to access archeological artefacts and sites remotely without
physically visiting the museums. Digital reality technologies have therefore been perceived to have the
great potential to promote (creative) cultural industry contents, because of the characteristics of these
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platforms (e.g., interactivity, realism, and visualization). This chapter employs a case study approach
to discuss the current state of digital reality technology applications in museums and art exhibitions
around the world. The study provides several best practice examples to demonstrate how digital reality
technologies have fundamentally transformed the art exhibitions and museums.

Chapter 9

Challenges of Mobile Augmented Reality in Museums and Art Galleries for Visitors Suffering

From Vision, Speech, and Learning DiSabilities ..........coceeieiiiiiiiniinienienieeeeeee et 162
Ajinkya Rajendrakumar Kunjir, Lakehead Univeristy, Canada
Krutika Ravindra Patil, MES College of Engineering, Pune, India

InToday’s digital world, AR is a tech which imposes layers of virtual segments on the real world. Research
Practitioners and Designers in all applications seem to be more concerned about the learning facilities
than keeping the visitors engaged in public art exhibitions, Museums, and holiday tourist locations. These
ignored circumstances have provoked studies to emphasize more on the usability of Mobile Augmented
Reality (M.A.R.) at Art galleries and Museums. According to the recent surveys, the current M.A.R.
applications at target locations focus on healthy people without any disabilities, and not on those with
disabilities. This chapter recommends major design elements of M.A.R. at museums and art galleries,
and highlights all the challenges faced by visitors suffering from visual, speech, and Learning Disorders.
The research discusses the 11 vital elements which include Usability, Design, Motivation, Interaction,
Perceived control, Satisfaction, Attention, and others involving engagement of M.A.R. necessary for
building an effective M.A.R. application for disabled people.

Chapter 10
Role of Emotions in Interactive Museums: How Art and Virtual Reality Affect Emotions............... 174
Giuliana Guazzaroni, Universita Politecnica delle Marche, Italy

Virtual reality (VR), augmented reality (AR), and artificial intelligence (Al) are increasingly being
used by educational institutions and museums worldwide. Visitors of museums and art galleries may
live different layers of reality while enjoying works of art augmented with immersive VR. Research
points out that this possibility may strongly affect human emotions. Digital technologies may allow
forms of hybridization between flesh and technological objects within virtual or real spaces. They are
interactive processes that may contribute to the redefinition of the relationship between identity and
technology, between technology and body (Mainardi, 2013). Interactive museums and art galleries are
real environments amplified, through information systems, which allow a shift between reality, and
electronically manipulated immersive experiences. VR is emotionally engaging and a VR scenario may
enhance emotional experience (Diemer et al., 2015) or induce an emotional change (Wu et al., 2016).
The main purpose of this chapter is to verify how art and VR affect emotions.
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Chapter 11
Digit(al)isation in Museums: Civitas Project — AR, VR, Multisensorial and Multiuser Experiences
at the Urbino’s DUCAL PALACE ...........oooouueviiiiiiieeeeee et e e e e e e e e ereeeeeeeeenes 194
Paolo Clini, Universita Politecnica delle Marche, Italy
Ramona Quattrini, Universita Politecnica delle Marche, Italy
Paolo Bonvini, Universita Politecnica delle Marche, Italy
Romina Nespeca, Universita Politecnica delle Marche, Italy
Renato Angeloni, Universita Politecnica delle Marche, Italy
Raissa Mammoli, Universita Politecnica delle Marche, Italy
Aldo Franco Dragoni, Universita Politecnica delle Marche, Italy
Christian Morbidoni, Universita Politecnica delle Marche, Italy
Paolo Sernani, Universita Politecnica delle Marche, Italy
Maura Mengoni, Universita Politecnica delle Marche, Italy
Alma Leopardi, Universita Politecnica delle Marche, Italy
Mauro Silvestrini, Universita Politecnica delle Marche, Italy
Danilo Gambelli, Universita Politecnica delle Marche, Italy
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Maria Cristina Acciarri, Universita Politecnica delle Marche, Italy
Serena Mandolesi, Universita Politecnica delle Marche, Italy

Digit(al)isation of Cultural Heritage is a multidimensional process that helps in the rescue of European
Cultural Identity, and the paradigm of Digital Cultural Heritage (DCH) is a valid instrument for social
and cognitive inclusion of museum visitors. In light of disseminating and validating new paradigms for
the enjoyment and exploitation of Cultural Heritage (CH) artifacts, this chapter shows main first results
from CIVITAS (Chaln for excellence of reflectiVe societies to exploit dlgital culTural heritAge and
museumS). The project develops virtual/augmented environments, through the multisensorial interaction
with virtual artworks, to satisfy needs and overcome limitations in a larger CH scenario, applying a
bottom-up approach. The research presented show a robust and interdisciplinary approach applied to
Ducal Pace at Urbino: key activities and faced challenges demonstrated to test cross-fertilization strategies,
involving multilayered issues.

Chapter 12
Evaluating Augmented and Virtual Reality in Education Through a User-Centered Comparative
Study: SMArtMArCa PTOJECT......ciiiuiieiieeiieeeiee ettt ettt ste e te e s teesbee e aaeesaaesssseeenseesnseesnseean 229
Roberto Pierdicca, Universita Politecnica delle Marche, Italy
Emanuele Frontoni, Universita Politecnica delle Marche, Italy
Maria Paola Puggioni, Universita Politecnica delle Marche, Italy
Eva Savina Malinverni, Universita Politecnica delle Marche, Italy
Marina Paolanti, Universita Politecnica delle Marche, Italy

Augmented and virtual reality proved to be valuable solutions to convey contents in a more appealing
and interactive way. Given the improvement of mobile and smart devices in terms of both usability and
computational power, contents can be easily conveyed with a realism level never reached in the past.
Despite the tremendous number of researches related with the presentation of new fascinating applications
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of ancient goods and artifacts augmentation, few papers are focusing on the real effect these tools have on
learning. Within the framework of SmartMarca project, this chapter focuses on assessing the potential of
AR/VR applications specifically designed for cultural heritage. Tests have been conducted on classrooms
of teenagers to whom different learning approaches served as an evaluation method about the effectiveness
of using these technologies for the education process. The chapter argues on the necessity of developing
new tools to enable users to become producers of contents of AR/VR experiences.

Section 3
Virtual and Augmented Reality in Education, Art, and Museums: Case Studies

Chapter 13

Employing Real-Time Game Technology for Immersive Experience (VR and Videogames) for all

at MAIO Museum: Museum of WWII Stolen ArtWorksS .......ccocovveeieiiiiiiiieeeec e 263
Giuliana Geronimo, Streamcolors srl, Italy
Salvatore Giannella, Independent Researcher, Italy

3D real time game technologies create an opportunity to design interactive immersive experiences
developing affordable, easy-to-use, and incredible virtual worlds for Museums. This chapter presents the
potential of these technologies for the development of edutainment content for their visitors at MAIO -
Museum of Art Taken Hostage in Cassina de’ Pecchi (Milan). The Museum presents the story of 1,623
masterpieces such as Michelangelo, Tiziano, Raffaello, and Canaletto that were stolen in Italy during
World War II and never found again. Visitors can explore the artworks through 2 installations: MAIO
Virtual Museum, through VR inside an oniric 3D environment, and MAIO Play, a multiplayer video game.

Chapter 14

Through Achille Castiglioni’s Eyes: Two Immersive Virtual EXperiences .......c..ccocceeveeveeneencennenne 283
Cecilia Maria Bolognesi, Polytechnic University of Milan, Italy
Damiano Antonino Angelo Aiello, University of Catania, Italy

The experimentations described here concern the virtualization of the Studio Museo Achille Castiglioni,
a small museum that hosts important artefacts designed by one of the most famous architects and
designers of the 20th century, winner of 7 “Compasso d’oro” awards. The digitization process creates
two virtual experiences to enjoy the place and the design objects to give visibility to the small context far
from the big museum. The first (less complex and immersive) experimentation deals with the semantic
implementation of 360° panoramic photographs, giving rise to a virtual tour of the museum available on
the web with no interaction: it is the description of the state of the art of this place. The second one (areal
VR simulation) derives from a more complex workflow based on digital surveying, digital modelling,
and developing of virtual environments and interactions. The two proposed case studies demonstrate
how new technologies can represent indispensable instruments for the safeguard, enhancement, and
communication of Cultural Heritage.
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Chapter 15

Where Is Hanuman? Hindu Mythology, Transmigration, and the Design Process of Immersive

EXPEriences i IMUSEUITIS .......cootiiiiriiiiiitenite ettt sttt eat e st s e st e satesate st e satesmaesaeesanesaeeeas 311
Patrizia Schettino, Universita della Svizzera italiana, Switzerland

The chapter presents the interpretative strategies used by designers of an immersive environment on Hindu
mythology and Hampi, an archaeological site in India, and their own knowledge of Hindu deities and
their attributes. The process of animating an Indian Hindu deity for a potentially international audience
means not only mastering 3D computer graphics and producing high-quality panorama of the sacred
and historical place, but also working carefully on the interpretation and representation. The chapter
uses concepts and theories from different disciplines (iconology, hermeutics, design research, museums
studies, etc.) with the aim to describe, deconstruct, and understand the design choices. The study uses
as main method the grounded theory: data are interviews and observations and the patterns emerging
from qualitative data are compared with previous theories, during the process of theoretical comparison.

Chapter 16

An Augmented Reality (AR) Experience for Lorenzo Lotto........ccccceveevieiniiniennenninieniceceiceeee, 324
Biancamaria Mori, MenteZero, Italy
Carlo Gioventu, Macerata Academy of Fine Arts, Italy

Virtual interactive experience created for the Picture gallery of Jesi (Italy). Namely, three interactive works
realized with Unreal Engine 4 to give the spectator a greater immersiveness on the immortal pictures
of Lorenzo Lotto. The goal was achieved by creating three choreographies with audio supervised by a
historian, recreation of the works with three-dimensional graphics and a specially composed soundtrack
by Tecla Zorzi. The augmented reality (AR) application was realized specifically for Android tablets.

Compilation of References ................coocoiiiiiiiiiiiii et e 333
ADbout the ContribDULOTS ............occiiiiiiiiiieceeeeee et et a e e s be e esbeeenbae e eaeenens 372
11T U PSSR 382
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Foreword

GIVE ME A LEVER AND | CAN LIFT THE WORLD

The impact that immersive technologies - Virtual Reality, Augmented Reality and Mixed Reality - have
on 21st century society is increasingly strong.

The application fields of these technologies evolve at a frenetic pace, as does the market for devices
that represent them. Goldman Sachs estimates that in 2025 this market can reach a value of 80 billion
dollars.

An important value considering that in 2014, after an experimentation phase lasting over 50 years,
immersive technologies officially entered the market.

Beyond the estimates, the fact is that these particular technologies, together with quantum comput-
ers and artificial intelligence, create new approaches to solving iper-complex problems in all areas of
human experience.

Architecture, art, aerospace, automotive, publishing, educational, entertainment, gaming, information
technology, security, medicine, military, psychology, robotics, telecommunications, tourism, sports are
just some of the application fields where immersive technologies are used today. These technologies are
used in public and private research centers around the world.

For me, some of these application fields are more important than others. They have been accompany-
ing my life for several years and allow me to meet interesting people and visit special places. They allow
me to expand my wealth of personal and professional knowledge.

One of the interesting people known during the Virtual Reality activities is Giuliana Guazzaroni.
Giuliana, together with Anitha S. Pillai, edited this Book entitled Virtual and Augmented Reality in
Education, Art, and Museum.

A book of notable impact that includes the valuable contributions of Professors, Researchers, Entre-
preneurs and Educators from seven different States of the Earth, located in three continents.

This book is the demonstration that immersive technologies have the power to create a thought, a
vision, a common mission shared by all of us to release a healthy culture of scientific and/or academic
matrix towards professionals, entrepreneurs and educators who want to improve their understanding of the
strategic role offered by immersive technologies in the fields of education, art and museum environments.

In the last 3 years I have met thousands of very young people, students, athletes, associations, teach-
ers, entrepreneurs and ordinary people. I did my job with them. I have divulged the importance and the
role that immersive technologies like Virtual, Augmented and Mixed Reality have today in the society.

I also focused the spotlight on the opportunities that these technologies offer to the younger genera-
tions in the fields of videogame, education, teaching and art.
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That’s why when Giuliana and Anitha asked me to write the foreword to the Book, i accepted with
great pleasure and without hesitation. I am deeply honored.

This book is a concentration of scientific information, research and valuable data that allow the reader
to get a realistic and current overview of immersive technologies and their present and future potential,
in particular in the evolution of educational, artistic and museum environments and systems .

Each chapter of the book is full of data, studies, analyzes, information on projects and research. From
the application of immersive technologies to teaching up to museum systems, the book touches on related
topics such as gamification, social media, best practices, digital aesthetics, digital itineraries, personal
assistance, neuroscience, the use of symbols and much more. This Book is a great and interesting work.

With this Book it is really possible to enrich the knowledge and understand those which can become
real strategic levers of human growth and development that the most aware and young generations can
catch today and immediately.

As Archimede also said:

Give me a lever and I can lift the World
Enjoy reading

Nicola Bandoni
VR Land, Italy

xviii
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Preface

The advances in Virtual and Augmented Reality have brought various changes in our day to activities.
By using Virtual reality (VR) an artificial environment is created with software and presented to the
user in such a way that the user feels it as a real environment. VR is capable of creating sensory experi-
ences like sight, touch, hearing, and smell. VR presents a complete 3-Dimensional virtual representation
of the actual world or of objects within it. Software like AutoCAD allows architects, engineers, and
design professionals to create precisely 3-D drawings of actual buildings before they make changes to
them. Well-known companies like Walmart, Chipotle and Verizon are now using VR as a tool to train
for potentially dangerous situations like armed robberies, a dangerous scenario that could be difficult
to imagine (https://gcn.com/articles/2019/07/24/vr-active-shooter-training.aspx). Virtual 360-degree
tours enable people to visit faraway sites. The website of the Metropolitan Museum of Art (the Met) in
New York, gives visitors a virtual tour of the works of van Gogh and di Bondone. Of late it is noticed
that VR museums have become a hot topic in the art world. Museum curators realized the ability of VR
to immerse visitors and many museums have created virtual reality programs to share their collections
across the globe. VR is also widely used in the Education sector to teach various subjects at all levels.
VR can be used in Healthcare for Training Medical Practitioners, Reduce Stress and Pain, Counseling,
Cognitive Rehabilitation and Physical Therapy (Pillai & Matthew, 1970). VR can also be used in medical
fields like Dentistry, Autism, Mental Health and Surgery, rehabilitation. Conventional MRI or CT scans
can reveal only very little information about what a patient’s brain looks like, but when those images are
fed into VR technology, surgeons can see the brain—all the ridges and fissures, lobes, and veins—in 3D,
so they can simulate surgery before stepping into the operating room (https:/fortune.com/2019/01/09/
virtual-reality-surgery-operating-room/?xid=gn_editorspicks). Different organizations, researchers and
educators have been involved in the study and realization of VR solutions to be used as therapy, train-
ing, and support for individuals with Autism (Guazzaroni & Pillai, 2019). According to Guazzaroni
and Pillai (2019) previous researches and experiments showed that it is possible to ameliorate the level
of concentration, coordination, socialization, communication, self-awareness, and memory in school
children treated with these tools and VR environments may offer a total physical involvement of the
Autism Spectrum Disorders that may see the world through virtual immersion and active practice. The
University of Alberta has created an educational App known as Cell 101 VR app to give cell biology
students a virtual reality perspective of the inner workings of cells and their interactions, allowing them
to visualize cell biology in a way they never could before. Students can get a clear understanding of the
cell and its functions by rotating the components and view them from different angles (https://www.
folio.ca/vr-app-gives-medical-students-a-new-way-to-see-inner-workings-of-cells).
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On the other hand Augmented reality (AR) is a direct or indirect live view of a physical, real-world
environment whose elements are augmented by computer-generated sensory input such as sound, video,
graphics or GPS data (Grier et al., 2012). AR refers to the integration of the actual world with digital
information about it. Actual objects and people cast an information shadow: an aura of data which, when
captured and processed intelligently, can offer extraordinary value to consumers (O’Reilly & Battelle,
2009). AR can be used by museums to help the visitors, in particular, those with sensory impairments or
learning disabilities. ARs the result of using technology to superimpose information - sounds, images,
and text - on the world we see (https://www.indiatoday.in/education-today/featurephilia/story/role-of-
augmented-virtual-reality-in-education-1417739-2018-12-67). One of the most popular ways AR has
infiltrated everyday life is through mobile games. In2016, the AR game ‘Pokémon Go’ became a sensation
worldwide, with over 100 million estimated users at its peak, according to CNET and it ended up making
more than two billion USD and counting, according to Forbes (https://www.indiatoday.in/education-
today/featurephilia/story/role-of-augmented-virtual-reality-in-education-1417739-2018-12-67).

The main difference between Virtual reality and Augmented reality is that VR creates a totally simu-
lated environment whereas AR uses the prevailing environment and enhances new information on top
of it. AR and VR can be used in many areas like: Medicine, Navigation, Education and Training, Real
Estate, Retail, Art, Museums etc. to name a few.

AR and VR technologies coupled with Internet of Things and Artificial intelligence have infinite
potential in various sectors listed above. Virtual reality, augmented reality and Artificial Intelligence is
increasingly being used today by more and more Educational institutions, Tourism industries, Museums,
Art galleries, Manufacturing and Healthcare sectors worldwide. In near future schools, museums and art
galleries, Universities, healthcare etc. will need to change outmoded ways of working and conventional
thought processes to fully embrace the potential of artificial intelligence, virtual reality, mixed reality
and augmented reality facilities. There are many subsets of Artificial Intelligence research, ranging from
speech recognition and natural language understanding to machine learning and deep learning essential
to business analytics and systems designed to make sense of big data. Museums have long dealt with
virtual and augmented reality in their exhibitions, such as experiential tours. The consequence is that
technology has opened up new possibilities for learners/users who are eager to have a part in shaping the
museum-going experience. Many cultural tourism sites such as art galleries, museum or cultural heritage
sites have discovered AR and VR in the past few years. They have enhanced their visitor experiences
with innovations ranging from virtual enhancements to re-live historical sites and events, engage with
content in museums, or to visit remote destinations in virtual environments (Han, Weber, Bastiannsen,
Mitas, & Lub, 2018). Thirty-five major art museums in France cooperated in the project eMotion to
animate art exhibitions and let the visitor travel around the world (Han, Weber, Bastiannsen, Mitas, &
Lub, 2018). Animated characters come to life in a symbiosis of photo, art, and digital animation to tell
stories and let the visitor explore the virtual world (De Paola, 2018). Commercial projects often aim at
engaging potential visitors in the pre-travel phase to trigger their interest. Microsoft’s HoloMaps and
HoloTour, for instance, use 360-degree video content and spatial sound to encourage the user to move
around the CG-augmented places such as Machu Picchu or the Colosseum in Rome without traveling to
the actual location. Although virtual and augmented reality is receiving increasing attention in tourism
and cultural heritage, the effect of mixed reality on museum visitors’ experience has still not been fully
answered, and research on this topic is still in its infancy (https://www.indiatoday.in/education-today/
featurephilia/story/role-of-augmented-virtual-reality-in-education-1417739-2018-12-67). Many Muse-
ums across the globe are using VR to give life to their exhibits. The Peterson Automotive Museum in

XX
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Los Angeles used Microsoft HoloLens in 2017 to create excellent VR experience by letting the visi-
tors interact with a classic American sports car, the Ford GT40. The HoloLens allowed visitors to see
the car up close, alongside a modern 2017 Ford GT for comparison (https://www.museumnext.com/
article/how-museums-are-using-virtual-reality/). Some of the limiting factors in using VR is cost. VR
Design and management or VR programs can be very costly and depending on the size of the project.
The larger the size, costs also increase. Another challenge is how to maintain the cleanliness of headset
when multiple people use it?

Classroom teaching/learning is embracing new technologies like Al, VR, AR and progressing at an
unprecedented rate. The subject area includes the use of augmented reality, virtual reality, mixed reality
and artificial intelligence in education (e.g. schools, professional training, etc.), museums or art galleries.
Mobile phones and tablets offer the possibility of interacting and staying fluidly connected to the mobile
Internet. The consequence is that mobile Internet may facilitate the development and the popularity of
informal learning environments (e.g. in museums or galleries). Especially, teenagers and young adults
have adopted a new mobile culture and have been identified as “archetypal mobile superusers” (Ling,
2004). In fact, the mobile is not seen as a mere device to phone, but a social instrument to stay always
connected with the network. (Bressler, 2006). Nowadays, social media are no longer seen as an autono-
mous space from material reality. They may be seen as a place of collective action, in urban and nonurban
areas and, in particular, during the gathering, that transforms an aggregate of individuals in a collective
actor. Social media are tools for a “choreography of the gathering”. In the future, the experiences that
make some use of augmented reality, virtual reality, robots, wearable technologies, and creativity will
be more and more diffused. The practice of mobile Internet will lead to more and more people to con-
nect in the streets and to enact the new urban ritual. Moreover, memories and digital storytelling will
be increasingly used to build rich experiences for citizens, students or tourists as demonstrated by the
challenges posed by the new smart cities, and its inhabitants’ needs of different narrations.

This book has chapters relating to the use of VR and AR in Education, Art, Museums and case studies
mentioning how / where they were implemented, mentioning the various methodologies, software, and
hardware used. Researchers will be able to identify research problems to enhance the user experiences
in education, art or museums. Computer professionals and scientist would also find the book useful
in exploring new areas. The main advantage of this book is that it is not limited to a subset of people
— Anyone who is interested in learning about VR / AR and its application will find the book useful.
Education sector can improve the teaching-learning process by incorporating these new technologies in
the way classes are being conducted. Healthcare sector can harness the benefits in medicine, surgery,
dentistry, nursing, etc. Some of the existing applications are mentioned in the chapters so that the read-
ers understand the benefit of using these innovative methods. It will be a boon for the art and museum
curators as they get to know how these technologies have been used to attract large audience. Many of
us even get to understand some of the museums, educational institutions, hospitals, etc. where these
technologies are currently being used.

ORGANIZATION OF THE BOOK
The book is organized into three sections. The first section comprises papers related to VR and AR in
Education, the second section is Chapters related to Art and Museum and the third section presents Case

Studies regarding the application of VR and AR. A brief description of each of the chapters follows:

XXi
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Section 1: Virtual and Augmented Reality in Education

Chapter 1, “Design Models for Developing Educational Virtual Reality Environments,” aims to make a
systematic review of design models developed in accordance with the process of designing virtual real-
ity environments. Authors feel that this review may serve as a resource that can help the researchers in
selecting the most suitable design model for an educational environment making use of virtual reality
technology or even develop a new design model. In-Depth literature the review was made, and design
models that were included in the findings section were separated according to their themes and codes
established as a result of content analysis.

Chapter 2, “Role of Immersive (XR) Technologies in Improving Healthcare Competencies: A Re-
view,” discusses the use of Immersive Technology in medical education. As Immersive technology is
becoming more affordable, user-friendly, pervasive and ubiquitous, it’s been adopted and embraced by
several industries. This paper focuses on uses, benefits and adoption challenges of Immersive technolo-
gies with specific reference to healthcare training.

Chapter 3, “Nursing Education in the Era of Virtual Reality,” discusses the use of VR to improve the
combination of cognitive, affective, and psychomotor learning domains. Authors feel that traditional
teaching methods may not meet all of the Y and Z generations’ learning needs since today’s learners are
accustomed to multimedia learning environments and have come to expect a certain level of technology
integrated into their curricula. This chapter presents some of the many facets of VR that can be seen in
today’s nursing education.

Chapter 4, “Constructing Virtual Radio Center: Virtual Platforms,” is about the virtual radio center
construction necessities, usefulness and its adaptability to real life and to our courses. According to the
author, many educators support the view that virtual reality will give learners an opportunity to experience
environments which, for reasons of time, distance, scale, and safety, would not otherwise be available
and having a virtual radio center in a university is sure to take lots of students’ attraction.

Chapter 5, “Gamification: To Engage Is to Learn,” discusses Gamification and video games, and
analyzing their peculiarities. After a brief historical introduction to the disciplines that intertwine the
design of Gamification applications, such as User interaction, User Interface and Game Design, authors
analyze the real areas in which Gamification can be applied with verifiable results, citing scientific stud-
ies and examples of applications.

Chapter 6, “Ubiquitous Self: From Self-Portrait to Selfie,” discusses selfie as a complex form of so-
cial interaction, an emerging aesthetics, thus having an irrevocable impact on self-portraiture. All visual
culture revolves around the body and the body par excellence is the face. According to the author the 21st
century portrait represents a kind of black mirror where we project ourselves into a kind of blindness
and the face-mask melts in between Real and Virtual and the self becomes augmented.

Section 2: Virtual and Augmented Reality in Art and Museums

Chapter 7, “Reinventing Museums in the 21st Century: Implementing Augmented Reality and Virtual
Reality Technologies Alongside Social Media’s Logics,” address talks about how forthcoming Industry
4.0 is expected to change not only the manufacturing and industrial services, also how it will rearrange
how services are offered in a variety of sectors, including museum’s services. Museums will inventible
be led to more digital (VR & AR) and promoting (Social Media) paths. The authors feel that the forth-
coming “digital convergence” between VR & AR technologies and social media are promoting logic

xXii
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could enlarge museums potentialities in attracting more visitors, younger visitors, while new patterns
for connecting learning effects and amusement should be established.

Chapter 8, “Employing Digital Reality Technologies in Art Exhibitions and Museums,” uses a case
study approach to discussing the current state of digital reality technology applications in museums and
art exhibitions around the world. The study provides several best practice examples to demonstrate how
digital reality technologies have fundamentally transformed the art exhibitions and museums.

Chapter 9, “Challenges of Mobile Augmented Reality in Museums and Art Galleries for Visitors
Suffering from Vision, Speech, and Learning Disabilities,” highlights the learning facilities and methods
of keeping the visitors engaged in public art exhibitions, Museums, and holiday tourist locations. This
chapter aims at the major design elements of Mobile Augmented Reality (M.A.R.) at museums, art gal-
leries, and highlights all the challenges faced by visitors suffering from visual, speech, and Learning
Disorders. The research discusses the eleven vital elements which include Usability, Design, Motivation,
Interaction, Perceived control, Satisfaction, Attention, and others of engagement of M.A.R. necessary
for building an effective M.A.R. application for differently-abled people.

Chapter 10, “Role of Emotions in Interactive Museum: How Art and Virtual Reality Affect Emo-
tions,” discusses how VR, AR and artificial intelligence (Al) are increasingly being used by educational
institutions and museums worldwide. According to the author digital technologies may allow forms of
hybridization between flesh and technological objects within virtual or real spaces.

Chapter 11, “Digit(al)isation in Museums: Civitas Project — AR, VR, Multisensorial, and Multiuser
Experiences at the Urbino’s Ducal Palace,” presents the main first results from CIVITAS (chain for the
excellence of reflective societies to exploit digital cultural heritage and museums). The chapter talks
about the project developed using virtual/augmented environments, through the multisensorial interac-
tion with virtual artworks, in order to satisfy needs and overcome limitations in a larger CH scenario,
applying a bottom-up approach.

Chapter 12, “Evaluating Augmented and Virtual Reality in Education Through a User-Centered
Comparative Study: SmartMarca Project,” focuses on assessing the potential of AR/VR applications
specifically designed for cultural heritage. Tests have been conducted on classrooms of teenagers to
whom different learning approaches served as an evaluation method about the effectiveness of using
these technologies for the education process. The chapter will even argue on the necessity of developing
new tools to enable users to become producers of contents of AR/VR experiences.

Section 3: Virtual and Augmented Reality in Education,
Art, and Museums — Case Studies

In Chapter 13, “Employing Real-Time Game Technology for Immersive Experience (VR and Video-
games) for All at MAIO Museum: Museum of WWII Stolen Artwork,” the authors present the potential
of these technologies for the development of edutainment content for their visitors at MAIO - Museum
of Art Taken Hostage in Cassina de’ Pecchi (Milan). The Museum presents the story of 1623 master-
pieces such as Michelangelo, Tiziano, Raffaello and Canaletto that were stolen in Italy during World
War II and never found again.

Chapter 14, “Through Achille Castiglioni’s Eyes: Two Immersive Virtual Experiences,” described
concern the virtualization of the Studio Museo Achille Castiglioni, a small museum that hosts important
artifacts designed by one of the most famous architects and designers of the twentieth century, winner
of 7 “Compasso d’Or” awards. The digitization process aims at creating two virtual experiences. The
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first (less complex and immersive) experimentation deals with the semantic implementation of 360°
panoramic photographs, giving rise to a virtual tour of the museum available on the web with no interac-
tion: and the second one (a real VR simulation) derives from a more complex workflow based on digital
surveying, digital modeling, developing virtual environments and interactions.

Chapter 15, “Where Is Hanuman? Hindu Mythology, Transmigration, and Design Process of Immer-
sive Experiences in Museums,” presents the interpretative strategies used by designers of an immersive
environment on Hindu mythology and Hampi, an archaeological site in India, and their own knowledge
of Hindu deities and their attributes. The paper uses concepts and theories from different disciplines
(iconology, hermeneutics, design research, museums studies, etc.) with the aim to describe, deconstruct
and understand the design choices.

Chapter 16, “An Augmented Reality (AR) Experience for Lorenzo Lotto,” explores three interactive
worksrealized with Unreal Engine 4 to give the spectator a greater immersiveness on the immortal pictures
of Lorenzo Lotto. The goal was achieved by creating three choreographies with audio supervised by a
historian, recreation of the works with three-dimensional graphics and a specially composed soundtrack
by Tecla Zorzi. The Augmented reality (AR) application was realized specifically for Android tablets.

The book comprises of 16 chapters detailing the use of AR and VR in Education, Art, and Museums.
The chapters are written by experts across the globe. This is an essential research book that explores the
strategic role and use of VR and AR in shaping visitor experiences at art galleries and museums and
their ability to enhance education. Highlighting a range of topics such as online learning, digital heritage,
and gaming. This book is ideal for museum directors, tour developers, educational software designers,
3D artists, designers, curators, preservationists, conservationists, education coordinators, academicians,
researchers, and students.
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ABSTRACT

Virtual reality, although not a new technology, has rapidly increased its popularity in the last few years.
As a result, their use in educational environments has been a topic of interest in academic research.
One of the first questions asked by education researchers has been, “How can we design an effective
virtual reality environment?”, which led to the development of many design models for the preparation
of educational virtual reality environments based on various approaches. These design models have
been systematically examined in terms of themes and codes within this study, in hopes this chapter may
be of importance for guiding researchers who want to design an educational virtual reality environment
or create a design model.

INTRODUCTION

The concept of virtual reality can be broadly defined as the ability of a user to perceive and interact with
a real-world environment in a three-dimensional simulation on the computer with particular technolo-
gies that the user wears on his body (Freina & Ott, 2015; Negut, Matu, Sava, & David, 2016). Recently,
educational research has shown an increased interest in virtual reality technology because of its ability
to simulate real-world conditions. According to Fowler (2015), virtual reality technology is among the
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most promising up-to-date technologies in terms of potential for being effectively used in education and
training activities. As a matter of fact, the advantage of using virtual reality environments in education
has been noticed by numerous researchers and many studies have been carried out.

Monahan, McArdle, and Bertolotto (2008) point out that students can feel good about the presence
of their classmates and teachers in a virtual reality environment; where they receive immediate feedback
and have the opportunity to live in the same environment with their friends even though they are not
physically in the same environment. According to Goodwin, Wiltshire, and Fiore (2015), virtual reality
environments offer educational and experiential opportunities that can positively affect learners. In their
study Freina and Ott (2015) identify some advantages of virtual reality as the ability to safely engage
in real-world activities that involve risk, or the ability to experience situations that are physically inac-
cessible or that require high costs. The general conclusions obtained from research on the use of virtual
reality in learning environments by different researchers can be listed as follows:

i.  Virtual reality supports peer cooperative learning (Huang, Rauch, & Liaw, 2010)

ii.  Virtual reality develops the ability of learners to solve problems and discover new concepts (Huang
et al., 2010; Leite, Svinicki, & Shi, 2010),

iii.  Virtual reality increases student motivation (Freina & Ott, 2015; Limniou, Roberts, & Papadopoulos,
2008; Ott & Tavella, 2009),

iv.  Virtual reality offers a high level of interaction (Chittaro & Ranon, 2007; Lau & Lee, 2015)

v.  Virtual reality enables learners to gain knowledge with less effort than traditional learning environ-
ments (Chittaro & Ranon, 2007),

vi. Virtual reality makes teaching processes more realistic and secure (Brasil et al., 2011; Dalgarno,
Hedberg, & Harper, 2002; Johnson & Levine, 2008).

A fundamental aspect of educational virtual reality environments is their design phase, wherein
practitioners strive to achieve the goal of enabling training in virtual reality environments that can be at
least as effective as face-to-face education (Beaumont, Savin-Baden, Conradi, & Poulton, 2014). C. H.
Chen, Yang, Shen, and Jeng (2007) have asked the question “What is the right model and theory that can
be used to design virtual reality learning environments suitable for individuals.” Chuah, Chen, and Teh
(2011) argues that the development of virtual reality environments is a challenging process that requires
accurate planning and design, pointing out that traditional instructional design models do not have the
components and methods appropriate for current technologies. Similarly, Goodwin et al. (2015) claim
that it is difficult to apply traditional teaching methods and strategies in virtual reality environments.

Hanson and Shelton (2008), who started with the question “How can I design an environment to teach
what [ am trying to teach on,” suggest that in the process of designing virtual reality environments, the
first step is to determine learning objectives. On the other hand, Grajewskia, G6rskia, Hamrola, and Za-
wadzkia (2015) points out that virtual reality environments have a different structure than other computer
simulations and that the greatest of these differences is the peripherals used. Also, many researchers have
stated that realistic objects and avatar structures have an essential role in the effectiveness of virtual reality
environments. (Ahmad, Wan, & Jiang, 2011; Dalgarno & Lee, 2010; Jong, Shang, Lee, & Lee, 2010).

Because of all that has been mentioned so far, it can be seen that researchers have different perspec-
tives on the design of educational virtual reality environments. This chapter aims to make a systematic
review of design models developed in accordance with the process of designing virtual reality environ-
ments. It is hoped that this review may serve as a resource that can help the researchers in selecting the
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most suitable design model for an educational environment making use of virtual reality technology or
even develop a new design model. In this context, an in-depth literature review was made, and design
models that were included in the findings section were separated according to their themes and codes
established as a result of content analysis. In the conclusions section, an evaluation of content analysis
for the included design models has been made.

BACKGROUND
Virtual Reality

Nowadays, the educational activities in which learning and teaching activities are carried out at predeter-
mined times and environments are replaced by three-dimensional virtual worlds designed to reflect the
real world in which learning and teaching activities can be done independently of time and place. Three-
dimensional (3D) virtual environments are defined as environments in which the real world environment
can be simulated to a great extent and where participants can have the opportunity to interact with each
other (Wang, Laffey, Xing, Ma, & Stichter, 2016). 3D environments can motivate learners by providing
a safe and realistic experience to learners (Omale, Hung, Luetkehans, & Cooke-Plagwitz, 2009) and
allow them to transfer what they have learned to real life (Wagner, 2008). Thanks to 3D environments,
learners have the opportunity to apply their theoretical knowledge in the closest way to reality (Bulu,
2012). These simulation-based environments in which learners can experience more allow individuals to
take a risk by developing critical thinking skills and support independent decision-making mechanisms.
(Chow, 2016). As a result of the researches, the contributions of three-dimensional virtual environments
to the learning-teaching process are as follows; (1) cooperative learning possibility, (2) visualization, (3)
behavioral synthesis, (4) presence, containment, and learning, (5) simulation of high cost and hazardous
activities (Bailenson et al., 2008). The concept of virtual reality has started to gain importance as a result
of the contributions made by the three-dimensional virtual environments to the learning-teaching process
and the sense of being provided for the learners and to increase the perception of reality.

The concept of virtual reality is defined as the fact that a real-world environment can be perceived
and interacted in a three-dimensional simulation created on a computer by the help of special technolo-
gies that the user wear on his body (Freina & Ott, 2015; Negut et al., 2016). There are two types of the
virtual reality approach that immersive and non-immersive according to the way of reflecting the real
world (Figure 1). Non-immersive virtual reality, also called desktop virtual reality, is defined as three-
dimensional virtual environments that can be interactively created using multimedia tools in comput-
ers, such as monitors, keyboards, mice, or joysticks. (C. J. Chen, Toh, & Fauzy, 2004; Gazit, Yair, &
Chen, 2006). 3D games, simulations, and virtual worlds (SecondLife, etc.) can be given as examples
of non-immersive virtual reality environments. Immersive virtual reality environments are defined as
being in the real world by breaking away from the consciousness of time in three-dimensional virtual
environments (Bailenson et al., 2008). Participants can experience intense emotion in their immersive
virtual environment and feel psychologically as if they were in this environment. (Adams, 2004; Blas-
covich & Bailenson, 2005). This is defined as the feeling of presence and is the main characteristic of
the surrounding virtual reality (Passig, Tzuriel, & Eshel-Kedmi, 2016; Yeditepe, 2015). In addition to
these opportunities, virtual reality can be seen as a popular educational tool with the help of computer
graphics that can be improved and updated (Chuah et al., 2011).
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Figure 1. Immersive virtual reality

Virtual Reality in Education

Virtual reality, one of the most up-to-date technologies with the potential to be actively used in educa-
tion and training activities (Fowler, 2015; Kavanagh, Luxton-Reilly, Wuensche, & Plimmer, 2017); it
should be considered as a platform where teaching content can be presented regularly, with a high level
of user interaction and a high level of presence (Osuagwu, Ihedigbo, & Ndigwe, 2015). As a matter of
fact, these opportunities and potentials provided by virtual reality have been noticed by many educational
institutions, and learning environments have started to be created on virtual worlds (Bulu, 2012; Chow,
2016; Minocha & Reeves, 2010). According to Lee and Wong (2014), there is a growing trend towards
virtual reality-based education in schools and universities.

Many types of research emphasize that virtual reality makes important contributions to education.
According to Goodwin et al. (2015), virtual reality teaching environments offer educational opportuni-
ties and experience opportunities that can positively affect learners. Monahan et al. (2008) stated that
students, classmates, and teachers could feel the presence of students in a virtual reality environment, get
instant feedback and have the opportunity to live in the same environment as their friends even though
they are not physically in the same environment. It has been determined that problems such as mobil-
ity, inclusive perception, interaction, and spatial limitations that learners can live in three-dimensional
virtual environments can be overcome in virtual reality environments. (Appelman, 2005). Freina and
Ott (2015) also emphasized that it is important for learners to experience virtual reality, which is im-
portant in learning environments, in real environments and risk-related activities, enabling them to
experience situations that are physically inaccessible or require high costs. The two main constraints of
the physical world were revealed by researchers; the inability to have the opportunity to experience in
the real environment due to distance, time, price or security and the difficulty of observing the limitless
possibilities in the real environment can be overcome in virtual reality environments and these environ-
ments can support the development of learning. (Ramasundaram, Grunwald, Mangeot, Comerford, &
Bliss, 2005). The general conclusions obtained from research on the use of virtual reality in learning
environments by different researchers can be listed as follows: (i) virtual reality supports peer coopera-
tive learning (Huang et al., 2010), (ii) virtual reality develops the ability of learners to solve problems
and discover new concepts (Huang et al., 2010; Leite et al., 2010), (iii) virtual reality increases student
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Figure 2. An instructional design framework for virtual reality environments (Chen et al., 2004)

Objectives
Integrative Goal
Enterprise
Scenario / Problem
+ Principles of
/ Support Tools multimedia design
Macro-Strategy Micro-Strategy

motivation (Freina & Ott, 2015; Limniou et al., 2008; Ott & Tavella, 2009), (iv) virtual reality offers a
high level of interaction (Chittaro & Ranon, 2007; Lau & Lee, 2015), (v) virtual reality enable learners
to gain knowledge with less effort than traditional learning environments (Chittaro & Ranon, 2007),
(vi) virtual reality make teaching processes more realistic and secure (Brasil et al., 2011; Dalgarno et
al., 2002; Johnson & Levine, 2008).

Design Models for Virtual Reality Environments

Thanks to the benefits and facilities provided by the learners of virtual reality environments, there is
another point in the face of increasing use in education. A fundamental aspect of educational virtual
reality environments is their design phase, wherein practitioners strive to achieve the goal of enabling
training in virtual reality environments that can be at least as effective as face-to-face education (Beau-
mont et al., 2014). Goodwin et al. (2015) stated that it is difficult to apply traditional teaching methods
and strategies in virtual reality supported learning environments. Chuah et al. (2011) point out that
virtual reality-based teaching environments are a challenging process that requires accurate planning
and design, while traditional instructional design models do not have components that are up to date.
These shortcomings in the process are thought to lead to the inability of researchers to determine ef-
fective experiences for students (Appelman, 2005). This situation brings to mind the question of what
is the right model and theory that can be used for designing virtual learning environments suitable for
individuals (C. Chen, 2007).

The researchers, who dealt with the correct design model and the theory that could be used in the
design of three-dimensional virtual reality environments, pointed out different points. C. J. Chen et
al. (2004) developed a model of Macro and Micro-strategies, based on the design of virtual reality
environments based on Mayer’s multimedia components and constructivist paradigm (Figure 2). As a
micro-strategy, based on Mayer’s principles of multimedia design, researchers have integrated macro
strategies in addition to their micro-strategies in the form of integrative goals, objectives, enterprise
scenarios, and supporting tools.

Appelman (2005) states that it is necessary to focus on the perception of the learner to examine the
effectiveness of the method and teaching experienced in three-dimensional virtual reality environments.
The experimental method, in which Appelman (2005) refers to the perception of the learner, rather than
to a particular technology or methodology, provides a flexible approach to address the learner’s percep-
tions in a way that is appropriate for each research. Within the scope of the experimental method, the
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main aim is not to stick to a model during the focusing of the design process, but to accurately control
the learners’ perceptions.

During their work on virtual reality, Hanson and Shelton (2008) first revised the analysis and design
steps of the ADDIE instructional design model by the design-based research methodology. The research-
ers formed the initial stage of the design process with the questions they included under the steps of
analysis and design. Then, in the light of the questions in this analysis and design step, the researchers
who designed their environments discussed the design process in four stages. These stages are (1) de-
termination of expectations, (2) familiarity with virtual reality, (3) evaluation of design factors, and (4)
evaluation of necessary resources. The researchers based the design process on meeting the expectations
of the learners and responding to these expectations. Researchers’ approach to the design process focuses
on the learner’s perception similar to the experimental method of Appelman (2005).

Dalgarno and Lee (2010) identified several characteristics that should be considered in the design
of virtual reality environments and provided a general framework for the design process. The research-
ers discussed the design process and the features that the design should have in terms of both technical
and learner interaction. Although they discussed the design process from the perspective of the learner,
Dalgarno and Lee (2010) also considered the process technically, unlike the previous researchers. Re-
searchers, including the real image of the medium, fluency in moving objects, consistency of object
behaviors, spatial sound, kinesthetic and tactile feedback, also recommend that attention to these com-
ponents may be helpful in learning.

Goodwin et al. (2015) stated that the most important point for the design of virtual reality environ-
ments is that the human body can grasp the right equipment and provide the maximum level of learning.
From this point of view, and by introducing a model based on cognitive science, researchers have looked
at the design of virtual reality environments from another dimension. The researchers, who presented
a five-stage design process consisting of analysis of instructional content, publication, and revision of
teaching environment, implementation of teaching and analysis, evaluation and revision of teaching
achievements, stated that each stage has different focal points. In these focal points, the researchers,
who have also learned the learning dimension as well as the learning dimensions, have also included the
technical aspects such as the determination of the tools, technology, and settings to be used, environment
inclusiveness, artificial tutorials, and the possibility of active experience in the design process.

As seen in the literature review, the importance of using virtual reality environments in education
increases day by day, and the answers to the questions about the right design process are discussed with
different approaches.

DESIGN MODELS: THEMES AND CODES
Searching and Selection

The scope of the design process of virtual reality and educational virtual reality environments was
determined before accessing the design models to cover within the scope of the chapter. Virtual reality
environments have been considered as environments where the real-world environment can be simulated
to a great extent within the three-dimensional space and participants can find the opportunity to interact
with each other (Wang et al., 2016). In this context, design models have been identified as models that
shed light on the design process of a three-dimensional educational virtual reality environment.
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Table 1. Searching details

Databases
Web of Science IEEE CoHE
REARORE Science Direct ST L93(C Explore Th. C.
Virtual Reality & Instruction 542 548 60 100 16 -
Virtual Reality & Model 984 1921 659 51 4 -
Virtual Reality & Designing 102 476 31 19 101 -
Virtual Reality & Design Model 10 45 3 3 2 -
Virtual Reality & Instructional Design 16 33 2 33 13 -
Virtual Reality - - - - - 198
Figure 3. Determination of themes and codes
Web of Science (n=1654) ERIC (n=206)
Science Direct (n=3023) IEEE Explore (n=136)
Scopus (n=755) CoHE Th.C. (n=198)
Web of Science (n=20) ERIC (n=5)

Science Direct (n=9)
Scopus (n=3)

IEEE Explore (n=1)
CoHE Th.C. (n=2)

Other (n=4)

K 3 Themes |
.| 13 Codes

tions were
of the determined
and codes.

“Virtual Reality & Instruction”, “Virtual Reality & Model”, “Virtual Reality & Designing”, “Virtual
Reality & Design Model” and “Virtual Reality & Instructional Design” keywords were searched in the
databases of “Web of Science”, “Science Direct”, “Scopus”, “ERIC”, “IEEE Explore” and “CoHE Thesis
Center”. As a result of the surveys conducted between 01.03.2018 - 31.05.2018, the studies which are

open to access were examined.

The keywords’ search was done on the titles and keywords of the studies. Abstracts of a total of 621
studies, which include all of the keywords, were examined. As a result of the abstract reviews made, it
is determined that 44 studies are suitable for detailed analysis in terms of design models developed for
virtual reality environments. After a detailed review of the 44 studies in which full texts were accessed,
it was found that there was a model for the design of virtual reality environments in 16 studies. A sum-
mary of the process can be seen in Figure 3.
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Themes and Codes

It is known that researchers have different perspectives for design models, and models are taken with
different approaches. The fact that many different components influence the design process of virtual
reality environments is one of the most important challenges for researchers. In order to properly manage
the design process or create a design model, attention should be paid to multiple points. For this reason,
in the scope of this chapter, themes, and codes that can shed light on the design process of virtual reality
environments and new design models to be developed have been produced with the common aspects of
the current design models and the contribution of literature.

Hanson and Shelton (2008) who started with the question “How can I design an environment to teach
what I am trying to teach on,” suggest that in the process of designing virtual reality environments, the
first step is to determine learning objectives. Zhou, Ji, Xu, and Wang (2018) also stated that learning
design, learning styles, learning activities, and learning outcomes would be appropriate in the design
process. Other points to be considered in the design process are; problem state, scenario, learning styles,
goals, activities, tasks, socialization, and evaluation. (Appelman, 2005; Dalgarno & Lee, 2010; Freitas,
Rebolledo-Mendez, Liarokapis, Magoulas, & Poulovassilis, 2009; Goodwin et al., 2015; Pattanasith,
Rampai, & Kanperm, 2015; Zhou et al., 2018). Many of these elements put forward by the researchers
have found themselves in the educational models under the educational title. In this context, the first
theme was named as the “Educational Framework”. Within the scope of the educational framework;
problem and objectives, scenario, learning, socialization, and evaluation are also identified as the codes
of this theme.

According to Jonassen (1999), the problem in constructivist learning environments is of great im-
portance to learners. Presenting a problem to learners in virtual reality environments as in real life and
solving the problem is effective in learning. (Appelman, 2005; C. J. Chen, 2009). The fact that the objects
and avatars in the environment have a realistic structure in the realization of the virtual reality environ-
ment has a share (Ahmad et al., 2011; Dalgarno & Lee, 2010; Jong et al., 2010). Besides, the fact that
the virtual reality environment has an immersive structure and that the learner can break the connection
with the real life is another important point (Dalgarno & Lee, 2010; Grajewskia et al., 2015; Hanson
& Shelton, 2008). According to Dalgarno and Lee (2010), the design element defined as presence is
the ability of the learner to capture a real-life sense in a virtual reality environment. Another important
point in the interaction of the learner, who can capture the feeling of presence, with the virtual reality
environment and objects (C. J. Chen, 2009; Grajewskia et al., 2015; Hanson & Shelton, 2008; Shih &
Yang, 2008). These elements, which many researchers have dealt with, are usually in the design stage
of the models studied. In this context, the second theme is named as “Design Framework”. Within the
scope of the educational framework; authenticity, immersion, presence, fidelity, and interaction are also
identified as the codes of this theme.

Grajewskia et al. (2015) stated that virtual reality environments have a different structure than other
computer simulations and that the largest of these differences are due to the peripherals used. The hard-
ware components used to take part in virtual reality environments are also important for the effective-
ness of the environment. At the same time, modeling techniques, object behaviors, object properties,
and programming infrastructure to be used are also factors affecting the effectiveness of the environ-
ment (C. J. Chen, 2009; Dalgarno & Lee, 2010; Grajewskia et al., 2015). In the studies examined, it
has been determined that the items in question are generally included in the topics where the technical
infrastructures of virtual reality environments are discussed. In this context, the third theme is named
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Table 2. Themes and codes

Themes Codes References

Problem and objectives

Scenario Appelman (2005), Hanson and Shelton
. . (2008), Freitas et al. (2009), Dalgarno and
Educational Framework Learning Lee (2010), Goodwin et al. (2015), Zhou et
Socialization al. (2018).
Evaluation
Authenticity
Immersion Shih and Yang (2008), C. J. Chen (2009),
. Jong et al. (2010), Dalgarno and Lee
Design Framework Presence (2010), Ahmad et al. (2011), Grajewskia et
Fidelity al. (2015).
Interaction

Peripheral devices

C. J. Chen (2009), Dalgarno and Lee

Technical Framework Modeling (2010), Grajewskia et al. (2015).

Programming

Table 3. Design models that have been educational framework themes and codes

Number of models with codes | Number of models without codes
Themes Codes
(%) (%)
Problem and Objectives 14 (87,5%) 2 (12,5%)
Scenario 11 (68,7%) 5(31,3%)
Educational Framework Learning 12 (75,0%) 4(25,0%)
Socialization 10 (62,5%) 6 (37,5%)
Evaluation 9 (56,2%) 7 (43,8%)

“Technical Framework.” Within the scope of the technical framework; peripheral devices, modeling, and
programming are also identified as the codes of this theme. Three themes and thirteen codes identified
in this chapter are given in Table 2.

The evaluations of the design models examined within the scope of this section based on the themes
and codes given in Table 2 are explained under the theme headings.

Educational Framework

When the design models and literature prepared for the development of virtual reality environments are
examined, it is possible to see that the educational framework has an important place in these models.
However, it is not correct to say that the educational perspective is fully implemented in all models
analyzed under this chapter. The results of the evaluation of the titles included in the educational steps
of the studied design models are given in Table 3.
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When Table 3 is examined, it is seen that the code which is primarily in the design models is problems
and targets. Jonassen (1999) stated that a problem transferred from real life is effective in learning. The
content of the problem, the presentation of the problem, and the application area of the problem are the
basic elements that should be considered in the learning environments. The problems should be consid-
ered as the source of the skill desired in learning environments. Each learning environment is designed
to solve a problem. For this reason, what the problem to be chosen is and what it aims to make learners
gain is important. In this context, it is seen that most of the design models (14, 87.5%) developed for the
virtual reality environments examined have included problems and objectives.

C. J. Chen (2009) stated that virtual reality environments provide the learner with the opportunity
to easily discover the area of application of the problem, to interact with objects and to manipulate the
problem as they wish, and to support the learner-centered approach. It is possible to be able to manipulate
the problem in the learning environment and to be comprehended by the learner by a correct scenario.
The effect of the problem presented in a complex scenario on learning may not be desirable (C. J. Chen,
2009). In this context, the number of models that include the scenario item evaluated within the educa-
tional framework from the examined design models is 11; 68,7%. This ratio shows that many models
consider the scenario.

Based on the study of Bloom taxonomy, Zhou et al. (2018) stated that educational frameworks
consist of learning objects, learning styles, learning activities, and tasks. Similarly, many researchers
mentioned the importance of learning techniques, learning styles and learning activities in virtual real-
ity environments (Ahmad et al., 2011; C. J. Chen, 2009; Dalgarno & Lee, 2010; Shih & Yang, 2008).
Virtual reality environments offering various learning opportunities to learners such as; learning by
experience (C. J. Chen, 2009; Dalgarno & Lee, 2010), self-directed learning (Shih & Yang, 2008; Zhou
etal., 2018), learning by observing (Zhou et al., 2018), knowing and doing learning (Hanson & Shelton,
2008), building knowledge and sharing knowledge (Karaman & Ozen, 2016; Shih & Yang, 2008). The
fact that virtual reality environments allow many different learning experiences emerges as a reason for
researchers to focus more on the design process. In this context, it was determined that 12; 75,0% of the
studied design models had a step on learning.

The situation in which learners can interact with each other or with instructors in learning environ-
ments is examined under the heading of socialization (Figure 4). Karaman and Ozen (2016) stated that
itis a design step that the learners can interact with virtual profiles in virtual reality environments. Shih
and Yang (2008) also stated that it is important for personal learners to cooperate and interact with each
other, and that socialization will affect learning. Considering that social interactions support social
learning and social learning can be provided in virtual reality environments, it is thought that it may be
positive to include socialization in design models (Zhou et al., 2018). In this context, it is seen that 10;
62,5% of the design models examined included socialization.

The study of the effectiveness of education and the learning environment in a learning environment
is another important point for researchers. The evaluation of virtual reality environments and education
in these environments is also a prominent issue for researchers. Conducting usability studies and ana-
lyzing the virtual reality environment are the factors affecting learning effectiveness (C. J. Chen, 2009;
Grajewskia et al., 2015). Activities such as feedback from learners, results of the evaluation of learner
performances, validation studies, evaluation of conformity of design elements are some of the methods
that can be used in examining the learning environment (C. J. Chen, 2009; Hanson & Shelton, 2008).
Almost half (9; 56.2%) of the design models evaluated within the context of examining the learning
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Figure 4. Individuals in a virtual reality environment

Table 4. Design models that have been designed framework themes and codes

Number of models with codes | Number of models without codes
Themes Codes
(%) (%)

Authenticity 8 (50,0%) 8 (50,0%)

Immersion 8 (50,0%) 8 (50,0%)

Design Framework Presence 3 (18,7%) 13 (81,3%)
Fidelity 6 (37,5%) 10 (62,5%)

Interaction 14 (87,5%) 2 (12,5%)

environment and the effectiveness of the training in this environment have been identified as a remark-
able point in terms of the fact that the ratio is not high enough.

Design Framework

One of the most important points in the development of a virtual reality-supported educational envi-
ronment is the design stage. Questions such as which elements to be used during design, which design
criteria to pay attention to are important for researchers. In this context, the conditions of the models
analyzed within the scope of the design framework are presented in Table 4.

In the section of problems and objectives discussed within the scope of the educational framework,
the importance of transferring problems from real life is mentioned. Authenticity comes to the fore in the
stage of presenting the problems in a virtual reality environment (Figure 5). Authenticity is one of the
most important features that virtual reality environments offer (Appelman, 2005; Dalgarno & Lee, 2010;
Grajewskia et al., 2015; Shih & Yang, 2008). According to Dalgarno and Lee (2010), three-dimensional
and high-quality models in virtual reality environments provide a realistic view and provide real-life flow
to learners. This allows learners to increase their sense of living in a real-world environment (Hanson
& Shelton, 2008) and provide more realistic learning opportunities (Ahmad et al., 2011). Considering
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