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and characterizing the materials that compose it (from the shell to the structure to the covering). Among 
the various building materials, particular attention has been devoted to ceramic tiles and to their role and 
uses in the building industry for their digitization and use in BIM models on an open standard platform.
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The international fire safety framework defines the characteristics of an escape system that can 
communicate information to allow occupants to make the optimal decision to reach a safe place. Fire 
safety engineering is the subject that helps the designer to carry out analyses for the study of fire through 
the use of CFD (computational fluid dynamics) tools and escape modelling. The interaction between the 
escape system and the occupants is a factor that controls the effectiveness of the design solution. This 
factor is difficult to assess in the absence of specific tools. An analysis methodology based on numerical 
simulation models, aided by virtual reality tools, improves the interpretation of results. The authors set 
out to develop a method capable of exporting fire simulation in a virtual environment and visualising 
the results within a virtual reality environment. The methodology is able to improve the knowledge of 
the emergency dynamics within the fire scenario.
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Let us imagine a large sports facility and an integrated system to control its maintenance (structures, 
facilities, furnishings, communication systems), pre-configure temporary set-ups, procurement of goods 
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events, recording their behaviour through the looks they make, the stops they make, the actions they 
take. This is the theme of the contribution proposed, an experimental application involving a sports 
facility of international importance and integrating BIM processes for design and maintenance, social 
and commercial information systems open to the public, marketing and usage analyses based on sensors 
and big data, and artificial intelligence capable of prefiguring the safest and most comfortable solutions.
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enjoy, understand, and preserve cultural assets, also through digital fruition. The social value of cultural 
heritage and citizens’ participation became crucial to increase quality of life, public services, creative 
activities, public engagement, new understanding, and education through technology development. Digital 
technologies can also contribute to safeguarding endangered cultural heritage preventive interventions, 
as well as ensuring equal and wide access to cultural assets and heritage sites. The aim is to find positive 
interconnections between physical and virtual spaces by applying digital systems to find additional 
knowledge and supporting the access to our common heritage through new technologies. The chapter 
explores more in detail these topics through the description of methodological approaches, applications 
of Semantic Web technologies, and latest projects.
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Preservation and dissemination of cultural heritage symbolizes a problem already present before the 
pandemic period and amplified during the COVID-19 crisis. As a result, the dematerialisation of 
architecture by digital technologies is the approach to connect Society 5.0 and architecture in cyberspace. 
The ambition of this chapter is to achieve an approach aimed to explain the impact of ICT during the 
pandemic and post-pandemic period, using HBIM technology, an essential tool for the approximation of 
Society 5.0 to the tangible smart heritage. On the other hand, the creation of a virtual tour breaks down 
architectural barriers (physical and spatial) allowing access to all users as a benefit of the dematerialisation 
of the asset. The work represents the use of technologies to create new knowledge and values, generating 
connections between people and tangible and non-tangible things.
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Heritage accessibility has been highlighted as a fundamental condition to convey multi-sphere values 
(social, artistic, economic, territorial), necessary for assigning the label of cultural heritage. Similarly, 
it permits to include new frontiers of educational processes for smart communities within digital data 
and VR systems developed from 3D survey actions. In this way, digital technologies can convey the 
societal challenge to evaluate the efficacy of cultural heritage communication beyond the in-situ physical 
experience, assessing the learning impact of virtual heritage environments. The scientific research on 
the production of effective heritage learning objects, from the EU project PROMETHEUS, is presented, 
enhancing opportunities of communication and virtual smart-fruition for sites along cultural heritage 
routes. Sites’ virtual models are joined to physical prototypes to increase awareness and sustainable 
knowledge from the users’ interactions with digital heritage.

Chapter 17
Phygital Heritage Experiences for a Smart Society: A Case Study for the City of L’Aquila.............. 387

Luca Vespasiano, University of L’Aquila, Italy
Stefano Brusaporci, University of L’Aquila, Italy
Fabio Franchi, University of L’Aquila, Italy
Claudia Rinaldi, University of L’Aquila, Italy

Starting from a recognition of the progressive settlement of the conception of cultural heritage 
through years, and the role that digital technologies have played, the contribution analyses how ICT 
(information communication technology) solutions, altogether intended, could provide a new human 
centrality in interpretation and presentation of cultural heritage. This opportunity is provided from the 
experience of INCIPICT project (INnovating CIty Planning through Information and Communications 
Technology), developed in L’Aquila since 2012. Within its framework, several reflections and applications 
on the field of cultural heritage have been developed to achieve results in terms of theory and praxis on 
the route toward a culture-based smart society.
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Cultural heritage represents the identity of people and, as such, is a fundamental element of our lives. 
The numerous projects carried out in recent years in the field of CH digitization have shown that the 
operation of dematerialization may be considered an essential tool for its preservation, conservation, 
and enhancement. Since advanced technology allows to valorize artifacts and bring a positive impact on 
the people’s life to whom they belong, in the context of Society 5.0 it can be considered as a key tool. 
Starting from the analysis of the state of the art in the field of digitization, the main goal of the present 
study is to investigate the role that this process can take on within the complex process of valorization 
of monuments. To this aim, a research carried out on the Farnese Theatre will be illustrated. Particular 
attention will be paid to the methodological choices made for the creation of an extremely versatile 
three-dimensional model and for its possible uses.
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Society 5.0 has implemented the use of new digital technologies, overcoming traditional active learning 
systems with means and methodologies that extend the involvement of the digitized user. This trend 
has revolutionized how organizations and companies deliver their services through interconnected 
and interoperable platforms. The prevalence of new media has led to the adoption of applications that 
exploit gamification techniques and serious games to transfer reality into new virtuality. The contribution 
analyses procedures and methodologies that can be adapted to digitalize cultural heritage, focusing on the 
theatrical and musical entertainment sector (i.e., opera and theatre). During the COVID-19 pandemic, 
cultural organizations received significant containment measures to cancel events and openings. Therefore, 
investing inaccessible and reality-like digital applications through advanced participatory techniques 
reduced financial and target losses. In this way, the shift from the digital model to the interactive service 
model for sensory experiences skills the Citizen 5.0.
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The knowledge-intensive society paradigm fosters relationships between technology and human actors 
with data, values, and knowledge that become mutual drivers for social innovation. The cultural heritage 
sector is naturally influenced by this vision, and museums and cultural institutions have a prominent role 
in dissemination of cultural values. This chapter focuses on a method developed to combine the power of 
the computer visualization technology with the cultural elements spread across collections, introducing 
some notes and remarks on how digital replicas of drawings, manuscripts, and museum objects can 
be successfully employed to spread knowledge. Through a custom application called ISLe, aimed at 
visualizing 3D models that accurately replicate the original items, some experiences in the production 
of digital replicas are introduced, highlighting opportunities and criticalities to be considered in the 
adoption of technology that can be potentially shared and exploited by many possible figures involved 
in cultural heritage.
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The chapter shows some of the outcomes of a research project begun in 2021 in collaboration with the 
Archivio Progetti Iuav of Venice, with the aim of disseminating the drawings, documents, and projects 
preserved. On the basis of the documentary collection including pieces, projects, models, together with 
a conspicuous repository of photographs and reproductions, the research deepens a little-explored aspect 
of an unbuilt Venice, circumscribing the investigation scope to the 20th century masters of architecture 
who contributed in rethinking the urban form of the lagoon city, such as Luciano Semerani’s project 
for the sestiere of Cannaregio Ovest in 1978. The discussion on the Venetian structural system, the 
urban trace, and the architectural configuration is re-established in a dialogue between its history and its 
contemporaneity. This is achieved starting from the digital models and virtual tours with in-depth texts 
that integrate the information actions with respect to the qualities of the architectures and urban spaces 
activated and consulted with the exploration of the model.
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The advent of mixed reality (MR) has revolutionized human activities on a daily basis, striving for 
augmenting professional and social interactions at all levels. In medicine, MR tools have been developed 
and tested at an increasing rate over the years, playing a promising role in assisting physicians while 
improving patient care. In this chapter, the authors present their initial experience in introducing different 
MR algorithms in routine clinical practice from their implementation in several neurosurgical procedures 
to their use during the COVID-19 pandemic. A general summary of the current literature on MR in 
medicine has also been reported.
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of virtual reality technology: they are immersive videos or spherical videos that give the opportunity 
to immerse the subject in authentic natural environments, being viewed via an ordinary web browser in 
that a user can pan around by clicking and dragging. The comparison between those two technologies 
stems from the question if 360° videos could solve and overcome the problems related to virtual reality 
and be an effective and more ecological alternative.
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can restore autonomy and quality of life to the frailest people.

Chapter 26
Digital Twin for Amyotrophic Lateral Sclerosis: A System for Patient Engagement......................... 620

Matteo Del Giudice, Politecnico di Torino, Italy
Roberta Surian, Politecnico di Torino, Italy
Anna Osello, Politecnico di Torino, Italy

This chapter focuses on the context in which patients such as those with Amyotrophic Lateral Sclerosis 
(ALS) are placed and what possibilities information and communication technologies (ICTs) offer to 
keep them in touch with the world to reach Society 5.0. In particular, the authors intend to show how the 
healthcare sector can use digital twin (DT) through elements of augmented virtuality (AR) and building 
information modelling (BIM) to create interactive interfaces that can solve, in part, problems involving 
frail patients but at the same time allowing their monitoring. Interconnection is possible through a 
gamification approach. In addition, a solution that considers the user (patient) involvement and that aims 
at its increase through interaction with alternative places to their home so as to stimulate them to keep 
an active mind and the degree of fun in a limiting condition is proposed.

Compilation of References ............................................................................................................... 640

About the Contributors .................................................................................................................... 712

Index ................................................................................................................................................... 727



  

Preface

 

TOWARD A PEOPLE-CENTERED FUTURE

The great challenges of the 21st century constantly push and stretch the frontiers of human knowledge. 
We are always looking for high-performance, digital, and connected systems. Whether we are talking 
about problems such as climate change, energy, regions and cities, mobility, healthcare, manufacturing 
and services, technology is almost always at the center. All spheres of human life are thus influenced 
by the achievements in the information and knowledge segments, which are the raw materials and main 
products of our society. However, the quality of life will trust not only information. How will a person be 
able to exploit it? How will each user be able to satisfy its own needs in terms of information products or 
services within the established informative space? These simple reflections can completely change the 
point of view and reinforce the objectives shifting the focus from developing devices to disseminating 
well-being. Hence, the idea of Society 5.0 (Cabinet Office, 2016) has been conceived to harness the enor-
mous potential expressed by the innovations of the fourth industrial revolution toward solving society’s 
most significant problems and social life. The critical question is, therefore, what to use technologies 
for. A necessary condition is that the users accept innovation: everyone is called upon to participate 
in pursuing the values of sustainability, inclusiveness, and welfare. Thus the super-intelligent society 
(Cabinet Office, 2016) contributes to the vision of the ideal city by rediscovering the anthropocentrism 
of needs. Within the Society 5.0 paradigm, people and machines establish a positive relationship to 
balance economic advancement with the resolution of social issues for every possible end-user - from 
the child to the elderly, from students to professionals, and from citizen to the fragile person – consider-
ing the different contexts of everyday life – i.e. homes, schools, workplaces, natural environment, and 
care facilities. This perspective establishes a strong interconnection between physical (real) space and 
cyberspace (virtual space), making the user an active player in a knowledge-intensive society. A future 
of interconnectedness between individuals through a network of 3D virtual worlds centered on social 
connection is looked for in the Metaverse. Research on Digital Reality – modeling real-world issues in 
various way, and Interactive Technologies – facilitating the interaction between people and establishing 
an information flow between the user and the technology, have been extensive in recent years, covering 
a wide range of topics and leading to new ways to approach and deal with complex situations. In this 
widely debated scenario, the book looks at experiences and approaches that place people at the center 
enabling multi-dimensional strategies and additional levels of interdisciplinary collaboration to create 
a highly inclusive communication network and social framework.
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CONSIDERING SUPER-SMART SOCIETY’S NEEDS

The blueprint of Society 5.0 strategically supports the United Nations 2030 Agenda development target 
and Sustainable Development Goals aimed at creating a sustainable future on a global scale and change 
in mindset by a shared common direction. Therefore, the topics covered in the book are of international 
interest as they reflect on some of the most critical challenges of our contemporary times linked to social 
aspects. In particular, diverse human needs concerning the individual and community dimensions are 
tackled in the following areas.

Education

Digital Transformation requires digital and transversal skills by companies, public administrations, citi-
zens, and students to work more collaboratively and benefit from new services. Automation, in tandem 
with the Covid-19 recession, creates a double-disruption scenario for workers. Moreover, according to 
the World Economic Forum, 65% of children enrolled in primary school today will work in jobs that 
do not yet exist (World Economic Forum, 2020). Education and training will therefore play a decisive 
role in the following years to bridge the gap and ease the transition of workers into more sustainable 
job opportunities. The bounty of technological innovation can be leveraged to unleash human potential. 
New tools and approaches allow for better interaction and learning in an increasingly inclusive and col-
laborative manner, considering the users’ psycho-emotional well-being. The goal is not just to collect 
knowledge but to develop problem-solving skills.

Environment and Cities

Half of the world’s population lives in urban areas, and the percentage is expected to rise to almost 70 
percent by 2050 (United Nations, 2018). Thus, cities have become the crucial reference for sustainable 
development, facing priorities related to climate change and increasingly limited resources in a context 
often characterized by growing urban and infrastructural decay. The systemic strategy is centered on 
increasingly advanced monitoring systems and the strengthening of interdisciplinary interactions: between 
the environment and networks, between network and network, and between the city and the end users 
so that the city can be more adapted to the needs of the citizen, and the citizen more active in creating 
a resilient environment (Mitchell, 2001). Urban information should be integrated through Information 
Technology to result in the collective optimization of services and develop new businesses. The integra-
tion of spatial and temporal information represents the initial approach to the architecture of social and 
technical integration (Hitachi-UTokyo Laboratory, 2020).

Cultural Enrichment and Accessibility

It is recognized that Cultural Heritage, in its tangible or intangible forms, acts as a resource for creat-
ing social cohesion, educating society, and enhancing the territory. Therefore, the relevance of acces-
sibility emerges as a fundamental requirement for transmitting society’s values and overcoming social 
imbalances and inequality. However, this possibility is affected by environmental, social, geographical, 
political, religious, physical, or cognitive impairments and security-related factors. A further condition 
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of deprivation has been experienced in the last few years within the Covid-19 pandemic by the need 
for social distancing. The democratization of heritage can arise by ensuring the accessibility of the 
digital replica, the Digital Heritage, for disseminating knowledge and achieving users’ involvement and 
awareness. This way, physically distant sites can be brought closer in virtual space, enabling virtuous 
behavioral mechanisms.

Healthcare Services

Pressured by a growing and aging population and constraints on public spending, the healthcare sector 
requires a comprehensive re-thinking to seek the machine’s efficiency and to improve the quality of 
healthcare treatments and services delivery for the patient’s well-being. The idea is to achieve a Smart 
Hospital with a digital brain and systems that can connect with users’ needs and meet them in every 
respect by combining advanced medical concepts and state-of-the-art devices and technologies. Solutions 
to bring the world into hospitals or private homes are also desirable for patients’ therapy and entertain-
ment to overcome physical and spatial barriers.

LOOKING FOR SOLUTIONS

The handbook proposes an interdisciplinary approach based on matching frontier technologies to en-
able a network among data, information, and all the city stakeholders. The following represents the key 
drivers to frame innovative solutions addressing social needs. The synoptic overview below shows their 
use in the different chapters.

•	 Digital Twin (DT). Virtual representation of a physical asset or process integrating multi-source 
data operating symbiotically in real-time. Querying the digital replica contributes to a dynamic 
view and monitoring of a system by enabling decision-making processes by managers and owners.

•	 Geographic Information System (GIS) and Building Information Modeling (BIM). Database 
containing geographic and building data combined with tools for storing, managing, analyzing, 
and visualizing that information. They support engineers in describing built environment phe-
nomena for cyberspace-based data-driven planning and can be used for interactive knowledge 
experiences for citizens.

•	 Unmanned Aerial Vehicles (UAVs). Drones are aerial vehicles operated by humans from a re-
mote location or autonomously. They are widespread for three-dimensional mapping activities 
and reaching inaccessible places, having great potential for monitoring activities on territory, 
historical heritage and infrastructure, catastrophic events, surveillance, and rescue operations.

•	 Digital Reality (DR). Augmented Reality (AR) refers to the real world overlapping digital infor-
mation. Virtual Reality (VR) is a computer-generated technology that allows users to be complete-
ly immersed in a virtual environment. With Mixed Reality (MR), real and virtual worlds overlap 
with interactive superimposition of digital objects. 360-degree videos are spherical recordings 
captured by sophisticated cameras with omnidirectional lenses that can collect images from all 
over the scene. They enrich the way of approaching information and extracting value from it for 
a pool of users.
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•	 Big Data (BD) and Internet of Things (IoT). BD refers to large or complex data sets to be han-
dled by traditional data-processing application software. IoT identifies the ability to connect every 
object to the Internet. Together they maximize data availability and utilization towards greater 
digitalization and process automation.

•	 Artificial Intelligence (AI) and Machine Learning (ML). AI broadly refers to any human-like 
behavior displayed by a machine or system and responds to the need for lightning-fast responses 
to automate and speed up decision-making processes. ML technique develops pattern recognition 
by intelligent algorithms to continuously learn and make predictions based on data available or 
collected. The potential lies in analyzing masses of data with varying degrees of autonomy to suc-
cessfully react to unfolding scenarios based on previous outcomes.

•	 Robotics. Designing machines that can help and assist humans. While they reduce jobs, they also 
improve the quality of life for performing sensitive, routine, strenuous, or risky tasks.

BUILDING THE SOCIAL NETWORK OF THE FUTURE

The Handbook provides an overview of methods, processes, and tools adopted to achieve super-smart 
society needs by exploiting Digital Reality and Interactive Technologies. It includes use-cases that illus-
trate applications that place people’s quality of life at the center of digitalization, accessing and managing 
various information and data domains. Due to its cross-cutting approach, the book aims to bring together 
different types of actors interacting with the functions considering diverse and complementary points of 
view. Indeed, Society 5.0 is not something to come but something to co-create (Keidanren, 2018). This 
work can represent a stimulating reference resource addressed to the following.

•	 Researchers from engineering, computing, medicine, psychology, and sociology with the aim of 
underscoring the potential for cross-fertilization and collaboration among these communities.

•	 Students who can, on the one hand, benefit from advanced didactic experimentation proposing 
collaborative tools establishing interactive virtual learning environments and, on the other hand, 
can develop a strategic attitude and working method to approaching complex problems.

•	 Professionals of the same fields as researchers (i.e., Engineers, Managers, Technicians, Health 
staff, Heritage curators, Cultural institutions, Educator) to exploit and make operative the scien-
tific and academic outcomes and contribute to the digital transition process by formulating new 
products and services to be placed on the market (i.e., Multinational companies, ICT developers).

•	 Citizens who can be made aware of and engaged with various subjects by accessing information 
and cultural content more effectively and inclusively, playing an active role in the digital social 
network.

•	 Patients and fragile people who can understand how modern technology can play an essential role 
in supporting their daily activities and improving their quality of life through increasingly person-
alized and cutting-edge entertainment and therapy opportunities.
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ORGANIZATION OF THE HANDBOOK

The book includes 26 chapters covering four application areas linked to the social needs outlined 
above. A brief description of each chapter follows.

Section 1: Digital Interaction and Education

Chapter 1 analyzes the importance of the sense of touch and its study from a neuroscientific point of view 
to reproducing credible and fulfilling experiences in Virtual Reality, starting with a reflection on what is 
“real” for us. The chapter discusses how this sensory modality contributes to the sense of presence and 
its fundamental role in reproducing virtual social interactions (such as those occurring in Metaverses). 
The current technical limitations and future potentialities involved in its application are also discussed.

Chapter 2 discusses the application opportunities of threshold design in Mixed Reality scenarios. 
These thresholds identify steps beyond which the human body has the ability to access the content. The 
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experiment is described, and the data recorded through multiple visualizations are discussed to support 
the conceptual and bibliographical work.

Chapter 3 described the virtual world challenges to overcoming common learning disabilities in 
children and the possibilities of Augmented Reality within learning disabilities. Virtual Reality has not 
only proven to be a corrective action for learning disorders but has also succeeded in educating and cur-
ing them. Currently, the virtual world can discover the signs and symptoms of learning disorders early, 
making it easier for special educators and therapists to tackle these problems.

Chapter 4 presents an Android-based learning application related to the digital laboratory concept 
for phytochemical screening. The chapter considers the users’ needs for remote practicum in vocational 
colleges during the Covid-19 pandemic. Through collaboration with Poltekkes Kemenkes Jakarta II and 
UIN Syarif Hidayatullah Jakarta, the chapter presents the design of learning technology for building 
interactive applications.

Chapter 5 presents the results of a multiple case study that explores the affordances and limitations 
of using 3D virtual environments for group counseling services in higher education. The chapter com-
pares multiple data sources from face-to-face and 3D virtual counseling groups. The authors discuss the 
implications of 3D virtual environments for counseling services and provide guidelines for researchers 
and practitioners.

Chapter 6 contributes to the definition of a human-centered approach to Virtual Reality in university 
teaching. The authors propose a digital game environment applied to health and nutrition education and 
provide experimental evidence that its effectiveness is strictly related to an educational model based on 
the specific features of presence and immersion.

Chapter 7 briefly presents digital innovation and the enabling technologies as engines for applying 
new educational approaches. It introduces two examples of Master’s and Bachelor’s courses related to 
BIM and algorithmic parametric modeling that integrates several tools and technologies, such as Cloud 
Computing, Big Data, and Machine Learning.

Section 2: Smart Environment and Systems

Chapter 8 discusses computationally driven methods for wicked urban challenges through data-informed 
design speculations. The introduced cutting-edge design speculations conducted at Aalto University 
(Finland) aim to open up new ways of immersive design simulation and participatory processes in en-
vironmental design and urban development to shape the future and give sustainable answers to societal 
and environmental challenges.

Chapter 9 is focused on the communication of the history of architecture and the city to a broader 
public with the aid of new tools, underlining how these same tools intervene in the study of the city 
compared to more traditional, no longer effective today. The challenge is to address issues difficult to 
narrate with the traditional urban history tools (archive research, bibliographic, iconographic, carto-
graphic): an example is how to deal with not only historical dynamics of transformation (flows of goods 
and people, movements, sounds) of the life of a city. Therefore, multimedia tools - configured with 
Machine Learning and Artificial Intelligence - are configured as a moment not only for innovation but 
also for the development of further research.

Chapter 10 analyzes the current process for evaluating the digital readiness of construction compa-
nies starting from the report on the current technological trends in the construction sector. The study 
highlights the need to integrate the existing methods proposing a dedicated assessment of the level of 
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digitalization of construction companies to provide a common ground of analysis that can be used to 
identify and develop the best strategies for digital innovation.

Chapter 11 presents the outcomes of the POR-FESR “eBIM: existing Building Information Model-
ing for the management of the intervention on the built environment” project in terms of developing 
skills, models, and solutions related to the conservation and enhancement of the built heritage. BIM 
methodology, implemented on open standard dedicated IT platforms, is used to identify and character-
ize building material.

Chapter 12 presents the first results of a research program that aims to improve the designer’s inter-
pretation of fire evolution and its effects. In particular, the development of an application is proposed 
that allows the real-time monitoring of fire effects, occupants, signage systems, and fire scenarios. The 
method represents an aid to research tools related to the world of Fire Safety Engineering and Virtual 
Reality, as it can fully immerse the user in the environment and evaluate its performance from the point 
of view of fire prevention.

Chapter 13 illustrates integrated applications for monitoring and managing a sport facility as an infor-
mation base to involve spectators by recording their behavior, movements, and preferences through sen-
sors, Big Data, and Artificial Intelligence capable of prefiguring customized and fan-engaging solutions.

Section 3: Resilient Cultural Heritage

Chapter 14 explores new directions Digital Reality is currently taking in the field of Cultural Heritage. 
New needs to visit, enjoy, understand and preserve cultural assets through digital fruition are described, as 
well as an overview of some significant projects, methodological approaches, and applications in the field 
of Semantic Web technologies. The topic of the role of digital technologies in safeguarding endangered 
Cultural Heritage is faced as well, by shortly presenting the EU project 4CH and other related activities.

Chapter 15 presents an innovative approach using HBIM technology as an essential tool for bring-
ing Society 5.0 closer to the concept of tangible Smart Heritage. The final goal is to clarify the impact 
of ICT during the pandemic and post-pandemic era. In addition, the chapter describes the creation of a 
virtual tour of the Baia Castle in the south of Italy to break down architectural barriers and allow access 
to all users as a benefit of dematerializing the architectural asset.

Chapter 16 addresses the topic of Accessibility of Cultural Heritage for educational purposes, enhancing 
the involving mechanisms that can be triggered from the communication of Digital Heritage to societal 
users. The design of multiple strategies for presenting Virtual Heritage Environments, and supporting 
prototypes, to citizens is considered in three different solutions adopted during the European Research 
Night in Pavia from 2019 to 2021, within the digital data from the documentation of Architectural sites 
in the H2020 project PROMETHEUS.

Chapter 17 analyzes how digital technologies could provide a new human centrality in interpreting and 
presenting Cultural Heritage, realizing an inclusive and engaging phygital environment. The contribution 
focuses on the relationship between heritage and communities, starting from recognizing the progressive 
settlement of the conception of Cultural Heritage through the years. It reflects the opportunities that 
technological innovations can open in this field, considering tools for digitization and the enjoyment of 
heritage and the ICT infrastructure needed to achieve this process given a cultural-based smart society.

Chapter 18 investigates the digitization process’s role in the valorization and dissemination of Cul-
tural Heritage. This chapter also aims to highlight the numerous positive impacts that this operation 
produces, both from a social and economic point of view, both on individual and collective levels. The 
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main goal is to illustrate and critically analyze the research carried out on the Farnese Theatre in Parma, 
Italy. Particular attention is paid to the methodological choices for creating an extremely versatile three-
dimensional model for its possible uses.

Chapter 19 describes the adoption of digital applications in the cultural and entertainment sector, 
where Gamification and Serious Games are exploited to transfer reality into new virtuality. Starting with 
the digitalization of the Theatre system, the accessibility of content and the sustainability of events is 
pursued by creating an Interactive Digital Service Model to expand the offer of digital services to an 
increasingly broad and heterogeneous audience.

Chapter 20 focuses on how real-time computer visualization technology proves to be highly efficient 
in disseminating cultural values inferred by ancient drawings, manuscripts, and objects belonging to mu-
seums and cultural institutions. Following the knowledge-intensive society paradigm, some experiences 
producing digital replicas are introduced, highlighting opportunities and criticalities to be considered in 
adopting custom processes and applications for the Cultural Heritage.

Chapter 21 shows some outcomes of a research project begun in 2021 in collaboration with the 
Archivio Progetti IUAV of Venice to disseminate the preserved drawings, documents, and projects. 
The chapter deepens the topic of the unbuilt Venice, circumscribing the investigation of the project by 
Luciano Semerani for the international competition held in Venice in 1978. The discussion on the Vene-
tian structural system, the urban trace, and the architectural configuration is re-established in a dialogue 
between history and contemporaneity from digital models and virtual tours integrating information ac-
tions concerning the qualities of architectures and urban spaces.

Section 4: Healthcare and Fragile People

Chapter 22 summarizes the current application of Mixed Medical Reality within neurosurgery, encom-
passing the treatment of several neurological pathologies, including brain tumors, traumatic brain injuries, 
and spine disorders. The chapter also illustrates the pilot study investigating the benefits of using Mixed 
Reality to reduce exposure time to Covid-19 ICU red zone doctors conducted at the Covid-19 Intensive 
Care Unit of the University Clinical-Hospital Centre “Dr. Dragiša Mišović-Dedinje” in Belgrade, Serbia.

Chapter 23 examines the benefits and drawbacks of the Virtual Reality range of technologies, high-
lighting where VR potential ends and 360-degree video potential begins. 360-degree movies, often known 
as immersive videos or spherical videos, are a contemporary rising trend. They may be a more inventive, 
cost-effective, and realistic tool than VR devices: they allow users to immerse in truly natural surround-
ings using a standard web browser or mobile device to pan around the area by clicking and dragging.

Chapter 24 illustrates the application of Virtual Reality and Serious Games to improve the quality of 
life of Dementia patients through the implementation of non-pharmacological treatment for cognitive 
disorders. The semi-immersion in Snoezelen and natural settings are experienced to offer a relaxation/
rehabilitation therapy besides an entertainment experience with multisensory stimuli.

Chapter 25 discusses how modern technologies and the concept of virtuality, in Digital Twin and 
Metaverse forms, can help frail people increase their autonomy and quality of life. An analysis is pro-
vided on the leading technologies and research projects concerning the use of the digital social world 
to support frail persons, and the SIRIO solution, developed by Politecnico di Torino, to support people 
with Amyotrophic Lateral Sclerosis is presented.

Chapter 26 investigates the benefits related to the adoption of innovative methods and tools in the 
Digital Health field for the development of a Digital Twin for Amyotrophic Lateral Sclerosis with a 
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human-centered approach. Through the development of virtual environments, the goal is to evaluate the 
involvement of ALS patients who succeed in increasing their autonomy in daily actions. The ongoing 
research aims to evaluate the benefits of BIM-IoT-VR interaction through innovative graphical interfaces 
with an interdisciplinary approach, assessing user response by increasing user engagement.

SOCIETY 5.0 WILL CHANGE THE WORLD

The search for solutions to achieve Society 5.0 will be a challenging topic in the coming decades; therefore, 
this volume will be a trailblazer in this line of investigation, establishing a precise identity and affirming 
its high interest. It opens a new interpretation key to the digital initiatives experienced in the different 
sectors promoting human-centered services. The case studies presented and how technologies are used 
are highlighted as models capable of generating a positive impact. Technological development will 
always go further, but in the future, humans will require imagination to change the world and creativity 
to materialize their ideas (Keidanren, 2018). This book has a significant impact on the issue of Society 
5.0 and on how technology should be used in the service of people, helping to stimulate stakeholders to 
seek new solutions, even starting from the examples described in the different chapters.

Francesca Maria Ugliotti
Politecnico di Torino, Italy

Anna Osello
Politecnico di Torino, Italy
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The development of serious games has enabled new challenges for the healthcare sector in psychological, 
cognitive, and motor rehabilitation. Thanks to virtual reality, stimulating and interactive experiences 
can be reproduced in a safe and controlled environment. This chapter illustrates the experimentation 
conducted in the hospital setting for the non-pharmacological treatment of cognitive disorders associ-
ated with dementia. The therapy aims to relax patients of the agitation cluster through a gaming ap-
proach through the immersion in multisensory and natural settings in which sound and visual stimuli 
are provided. The study is supported by a technological architecture including the virtual wall system 
for stereoscopic wall projection and rigid body tracking.

In the third millennium, the discipline of drawing, in its various forms of representation, is facing a 
significant challenge in improving the quality of human life. The introduction and the consolidated 
diffusion of new means of expression and communication have enabled new perspectives of use that 
embrace very different fields and domains. The concept of Digital Twin contributes enormously to the 
vision of a Smart Healthcare (Tian et al., 2019) and truly Smart Hospital, where infrastructure, services 
and people are the crucial aspects to be managed as schematised in Figure 1. The main idea is to have 
a building with a digital brain and systems that can connect with users’ needs and meet them in every 
respect using advanced approaches and digital technologies. This vision makes the hospital an ideal 
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place for experimentation as it must master a multitude of challenges simultaneously. Hospitals must 
reduce labor and operating costs, enable their staff to work more efficiently, optimize space efficiency, 
and comply with changing regulations without compromising a positive patient experience (Siemens 
Switzerland Ltd, 2022). In order to deal with these tasks, they are increasingly leveraging digitalization 
and technological innovations to build resiliency, enhance productivity and meet their strategic objectives. 
In this framework, high-tech solutions involving cyberspace, advanced robotics, 5G networks, Internet 
of Things (IoT) and Artificial Intelligence (AI) are therefore brought into play in a synergetic way to 
evolve and drive future growth and innovation for the healthcare experience. The tools are exploited to 
provide a virtual-based field to ensure the broadest participation in even more processes revolutionizing 
hospitals on the human, financial and operational levels. The focus is to seek the machine’s efficiency 
and improve the quality of healthcare treatments and services delivery for the patient’s well-being by 
combining advanced medical concepts and state-of-the-art devices. Within this context, telehealth and 
Remote Patient Monitoring (RPM) and Virtual Reality (VR) (Riva, 2002) find their place and acceptance 
by the patient, especially during and after the COVID-19 pandemic. A Smart Hospital is thus a hospital 
that uses technology to improve the quality of life of its users across the board, overcoming physical and 
spatial barriers. In this framework, the relation between three-dimensional digital representation, also 
derived from parametric models, and Virtual Reality technologies, represents an innovative frontier by 
enabling multi-dimensional scenarios and levels of interdisciplinary collaboration. This combination 
can be put to the service of the health sector in several areas: the technical knowledge and design, the 
usability of spaces and information (Ugliotti et al., 2019), training for nurses and caregivers, patient 
awareness and entertainment, diagnostics and prevention, and physical and psychophysical rehabilitation 
(Lányi, 2006). Therefore, they can embrace very different points of view of the hospital occupants, from 
managers and technicians to medical staff and patients and their families.

In the context of the scenario outlined, the chapter illustrates the application of Virtual Reality for 
therapeutic purposes. Compared to telehealth, which uses new technologies to provide health services 
remotely, cybertherapy employs technology to change the attitudes and behavior of its users, with long-
term cognitive and bio-physiological effects (Emmelkamp, 2011). Cybertherapy was born in the United 

Figure 1. Smart Hospital framework



States in the late 1980s, thanks to the interest and funding of the US Department of Defence. It refers to 
the different forms of clinical assessment and therapy that are based on the prevalent use of new technolo-
gies (Wiederhold & Wiederhold, 2004). In recent years, preliminary investigations have been conducted 
in this field, focusing on preserving residual skills and executive functions by reproducing of everyday 
contexts and actions. Through virtual therapeutics (Spiegel, 2020), i.e., Virtual or Augmented Reality 
experiences used alone or in combination with other tools or with traditional medicines, specific health 
needs of patients are being addressed. The application fields mainly concern clinical psychology and 
cognitive and motor rehabilitation (Borgnis et al., 2022). Among psychological impairments, solutions 
to control anxiety (Opris et al., 2012) and stress, phobias (Morina et al. 2015) and addiction, obesity and 
eating disorders are studied. The effectiveness of COVID Feel Good (COVID Feel Good, 2022), a simple 
virtual therapy experience able to reduce the anxiety and depression and overcomes the psychological 
burden generated by the Coronavirus pandemic (Riva et al., 2021), is currently in the news. The clini-
cal trial was conducted by the Italian company Become in collaboration with the Università Cattolica 
and the Istituto Auxologico Italiano. The innovative approach of Immersive Virtual Telepresence (IVT) 
tools (Riva et al., 2004) makes it possible to improve the performance of rehabilitation and reintegration 
programs (Rizzo & Kim, 2005) for certain impaired functions. It allows these deficits to be managed, 
overcome or reduced and enables the patient to benefit from therapeutic support in environments where 
disorders commonly develop. Cognitive training (Pedroli et al., 2013) based on digital tasks and exercises 
can be an excellent solution for involving participants in structured mental activities and improving their 
cognitive functions, especially if the motivational and playful aspect is emphasized. For example, stroke 
patients (Huygelier et al., 2021) reported less fatigue when using a robotic device to navigate a virtual 
plane displayed on a regular computer monitor than without this visual feedback (Mirelman et al., 2009). 
A walk in the park (Moyle et al., 2016), searching for products on the shelves of a supermarket (Zygouris 
et al., 2015), executing a recipe (Valve Corporation, 2022; Foloppe et al., 2018; X-Tech Blog, 2022), are 
some activities that require the implementation of choices and strategies. RelieVRx (AppliedVR Inc., 
2021) is the first and only Food and Drug Administration (FDA)-authorized at-home immersive Vir-
tual Reality non-pharmacological pain treatment. It is a prescription-use immersive system intended to 
provide adjunctive treatment based on cognitive behavioral therapy skills (Garcia et al., 2021) and other 
evidence-based behavioral methods for patients with a diagnosis of Chronic Lower Back-Pain (CLBP). 
This significant utilization variability is supported by the faithful three-dimensional rendering of human 
body parts or an avatar that can interact with situations and objects to achieve different goals depending 
on the subjects involved. The possibility of customizing the scenes and activities, making them more 
engaging, and adapting the therapy according to patients’ feedback on performance are advantages of 
experimenting with the new visualization method. Volumetric and 360-degree videos (O’Sullivan et al., 
2018) are moreover used as low-cost newer technologies in terms of time and resources for development 
as they are spherical recordings captured by sophisticated cameras with omnidirectional lenses that can 
collect images from all over the scene. They offer the opportunity to immerse oneself in authentic natural 
environments that are known to evoke positive emotions (Yeo et al., 2020; Yu et al. 2018; Chirico & Gag-
gioli, 2019; Lee et al., 2021). For these reasons, they are especially suitable for home-based rehabilitation 
activities (Pedroli et al, 2022; Pedroli et al, 2021; Boilini et al., 2020) and make sharing content easy 
with patients and their families on smartphones and tablets beside head-mounted displays. The literature 
review shows that these innovative digital applications may represent a revolution in cognitive screening 
methodology within the clinical setting of Dementia (Robert et al., 2014). Preliminary experiences of 
serious games to assess executive functions (Castelnuovo et.al, 2003), attention, memory and visuospa-



tial orientation are detected (Zucchella et al., 2014; Serrani, 2014; Manera et al., 2015; Dudzinski et al., 
2016; Valladares-Rodriguez et al., 2018). The Cognitive Virtual Stimulation application presented in 
this research is created to offer a relaxation/rehabilitation therapy besides an entertainment experience 
with multisensory stimuli. The serious game developed is used to set up a clinical study.

The background of this study is the CANP – la CAsa Nel Parco project. It proposes e-health solutions for 
management processes, telemedicine and telehealth. The aim is to support the accessibility and interop-
erability of information to achieve better services, decentralise care, rationalise resources, and improve 
care pathways. The European Commission indirectly funds it through the POR FESR 2014/2020 regional 
program within the preparatory actions for realizing the future Turin Health, Research, and Innovation 
Park. In this context, the activities of the Politecnico di Torino have been focused on the design and 
development of a service ecosystem to support patients, family members/caregivers and professionals to 
improve patients’ quality of life, as shown in Figure 2. On the one hand, the Re-Hub platform has been 
developed for mapping the healthcare facilities present on the territory. It integrates a recommendation 
system that allows the user to compare them in a personalized way concerning objective aspects linked 
to pathology and medical needs and subjective aspects, i.e. territorial services, functional characteristics 
of preference and user perception. This system, which adopts the logic of booking engines, allows op-
erators and patients to make more effective use of rehabilitation facilities thanks to exploring indicators 
of interest. On the other hand, a set of Virtual Reality applications for the health sector are promoted 
within the Virtual-Hub platform. These solutions are characterized by a high degree of innovation and 
creativity, as evidenced by the limited availability of studies in the literature. The approach outline three 
synergistic lines of research: (i) Design – the creation of multidimensional scenarios for the realization 
of hospital environments, healthcare facilities and private homes that are increasingly functional and 
comfortable concerning the needs of users; (ii) Awareness raising: engaging users through interactive 
experiences to promote consciousness and disseminate information (Ugliotti, 2020); (iii) Cybertherapy 
– using digital models to test innovative relaxation/rehabilitation therapies for patients (De Luca & 
Ugliotti, 2020; Fardello, 2020). This last thread is detailed in the following.

Figure 2. Application to raise awareness among patients and their families regarding home hospitalisation



This specific contribution is part of broader research investigating the conditions that can make cy-
bertherapy experimentation effective. As shown in Figure 3, different aspects are considered: such as 
pathology, patient target (e.g., age, gender, social background), level of self-sufficiency (e.g. autono-
mous experience, caregiver-assisted or physician-guided), degree of immersiveness (fully immersive, 
semi-immersive) and place where to carry out the experience (e.g. patient’s home, dedicated rooms in 
hospital or nursing home). This chapter aims to illustrate a virtual experience evaluated for pathologies 
that lead to cognitive impairment from the generated matrix of combinations.

Dementia is a comprehensive definition that includes various neurocognitive disorders, often in a 
progressive manner accompanied by a worsening of the quality of life of both patient and caregiver. 
It impairs various brain functions, such as memory, language, reasoning, orientation and the ability to 
perform complex problems. These cognitive dysfunctions are associated with personality and behav-
ioral changes, including irritability, anxiety, depression, insomnia and apathy. The pharmacological 
search for a molecule that can modify the natural history of the disease has met with multiple failures 
(ADI, 2018). The only possible therapy is the symptomatic one. The focus has therefore shifted toward 
non-pharmacological interventions (Abraha, 2017). These are indicated as the first line of treatment, 
especially in psychological and behavioral disorders associated with Dementia. Non-pharmacological 
interventions can be classified as (i) sensory stimulation interventions (acupuncture, aromatherapy, chro-
motherapy, touch/massotherapy, light therapy, ortho therapy, music and dance therapy, transcutaneous 
electrical stimulation, and multisensory stimulation/snoezelen); (ii) cognitive-affective interventions 
such as reminiscence therapy; and (iii) other behavioral management interventions such as pet therapy. 
Among sensory stimulation techniques, only music therapy has been shown in the literature to be ef-
fective, especially in reducing agitation, aggression and anxiety. There is still a long way to go in this 
field, overcoming the current limitations of the studies conducted so far (i.e. low sample size, unclear 
definition of study designs, heterogeneity of intervention protocols, short duration of treatment and 
follow-up period).

Figure 3. Methodological investigation matrix



The methodological approach adopted involves an investigation path by successive stages of develop-
ment to evaluate the involvement of Virtual Reality as an element of support for the no-pharmacological 
management of Dementia-associated behavior disorders. The primary objective is the relaxation of pa-
tients through immersion in peaceful environments. It is then possible to introduce interaction elements 
until an actual cognitive rehabilitation activity can be set up. As a first step, the reaction of patients to 
the use of Virtual Reality in the hospital context is evaluated through a guided experience by special-
ized operators and assisted by medical staff. In a further stage, the application in nursing homes and 
then in the patient’s living environment can be considered. Depending on the specific scenario, several 
technologies can be tested.

In the context of the CANP project, the study promotes a semi-immersive guided experience with 
Virtual Wall technology in a hospital setting. A Virtual Reality application has been implemented, and a 
clinical trial has been designed in collaboration with the Geriatrics Department of the Molinette complex 
of Turin, as described in the following.

At the base of this study is the hypothesis that, as happens in reality for physical spaces, virtual environ-
ments can also provide positive experiences for Dementia and Alzheimer’s patients. Through cybertherapy, 
it is being tested how quiet and comfortable places can help reduce agitation and anxiety, making users 
feel better and improving their mood. The Cognitive Virtual Stimulation application is implemented using 
three-dimensional representations and the Unity game engine platform (Unity Technologies, 2022) to 
create interactive content with real-time animations. It is designed to run with the Virtual Wall system. 
The semi-immersive navigation shown in Figure 4 is allowed through 3D goggles and the Xbox joypad. 
As mentioned above, the experience is guided considering the target user’s age, around 80 years old, 
and ability to use new technologies. An operator leads the patient on this virtual walk and initiates the 
different activities.

Figure 4. Semi-immersive guided cybertherapy experience for Dementia patients



The virtual settings are designed to promote a gradual transition from the real to the virtual context 
and stimulate different brain areas to slow down the degradation process triggered by the disease. The 
experience unfolds based on three different scenarios, as shown in Figure 5: the geriatrics ward of the 
Molinette hospital, an indoor and an outdoor environment, a multisensory room and a natural setting, 
respectively. The first two scenes come from BIM models, while the third is only graphic modelling. 
In fact, in the framework of the CANP project, solutions are also analyzed for the digitalization of the 
built environment, to make information about the building and the assets contained therein usable, and 
for the participatory design of increasingly high-performance environments available to patients. The 
indoor setting was originally derived from an actual study and design activity (Carvajal Talero, 2019). 
This sequence of virtual spaces is conceived to activate different emotions in the patient, of discovery 
in the initial phase, relaxation and subsequent interaction in the following ones.

The session is started by walking along the corridor of the hospital ward. It recalls the route taken 
by the patient to reach the place of experimentation. The user’s recognition of a familiar environment 
establishes a phase of acclimatization by establishing a relationship of confidence with the patient, who 
does not feel disoriented and, therefore, in trouble. The scene is rendered realistically, even if beautified 
by additional furnishing and natural elements. The path is accompanied by background music to further 
isolate the participant from the surrounding context. At the end of the corridor, on the right, there is the 
multisensory room that activates the second set and initiates the appropriate experimental activities.

The indoor scene represents the virtual transposition of a multisensory room designed according to 
the Snoezelen method - a Dutch term deriving from the contraction of the verbs “sniffen” (to explore) 
and “doezelen” (to relax). The design principles provide a welcoming and relaxing environment. The 
approach is also known in the literature under the term Multi-Sensory Environment (MSE) (Collier et 
al., 2017). It is used among the innovative non-pharmacological therapies for patients suffering not only 
from Dementia but also from other cognitive disabilities and psychiatric pathologies (van Weert et al., 
2005). The initial phase of environmental exploration is passive. The objective is to achieve the relaxation 
of the patient acting in particular through the features of the space such as furniture elements, colors, 
and soothing sounds to transmit positive energy. The operator accompanies the patient to discover these 
characteristics. Lighting effects are one of the distinctive aspects achieved by employing bubble lamps, 
fiber optics, and spotlights. Soft items are placed on the floor, such as pillows or beanbags, simulating 
comfortable seating in correspondence with a large monitor that reproduces the dynamic vision of an 
aquarium with colorful fish moving slowly and drawing repetitive trajectories among the corals. Water 
is also present in the room by bubble tubes that move vertically at a slow and constant speed. They are 
used as a complementary focal instrument to encourage visual tracking, color recognition, physical 
movement and hand-eye coordination. Two windows are placed from which well-known Italian points 
of interest, such as views of the Mole Antonelliana and the Basilica di Superga, can be appreciated. 
This strategy is used to maintain a connection with reality and open up the environment, not forcing 
the patient into an utterly locked place that could have triggered feelings of fear and discomfort. Cause 
and effect items are implemented to allow the individual to control elements within the environment, 
although not directly as discussed later and return visual- acoustic effects. For example, it is possible to 
experience different color schemes of the setting by adjusting the room’s lighting from cold blue-violet 
tones to warm yellow-orange tones. Then the patient is subjected to visual and audio cognitive stimuli in 
the following phase. The focus is on distracting the patient from interrupting possible agitated behavior. 
The Memory Train’s first activity involves scrolling on the screen previously used to show the aquarium 
a sequence of images evocative of the user’s years of youth and maturity, with famous people, familiar 



places, and advertising slogans. For example, black and white images of the carousel, wooden school 
desks and some of Totò’s films are shown. These inputs aim to evoke lost memories and emotions in the 
patient, who may express interest in sharing and recounting them, finding peace and serenity. A second 
activity encourages the cognitive sphere through music therapy, thanks by listening to a choice of very 
well-known songs and playing different rhythmical musical instruments (saxophone, electric guitar, 
drums and violin). From the indoor setting, there is a link to the outdoor one.

The outdoor scene consists of a natural landscape characterized by trees, paths, leaves, streams, a 
waterfall, and small shrubs. Some animals, from cats to lions, cows to giraffes, arouse amazement thanks 
to their unusual location. Small squirrels are moving under the trees, and little birds are chirping. The 
presence of the wind is simulated through the gentle fluttering of tree branches. Here again, the presence 
of water is used as sound therapy for healing. There is a pool of water in which the shadows of moving 
fish can be clearly recognized. As the user approaches, the natural running sound of the water becomes 
louder and louder to emphasize the realistic perception of the scene. Exploration is more free form than 
before, and the patient’s involvement within a pleasant environment is assessed.

The Cognitive Virtual Stimulation application is designed to be executed with the Virtual Wall technol-
ogy, which integrates stereoscopic wall projection and rigid body tracking tools. It is part of the Cave 
Automatic Virtual Environment (CAVE) visualization system invented at the University of Illinois at 
Chicago in 1992 (Cruz-Neira et al., 1992). It consists of a cube-shaped VR room in which the walls, 
floors and ceilings are projection screens. This VR theatre gives back the feeling of being immersed in 
the virtual scenario projected on the screens by a correct reading of the spaces, volumes and distances 
simulated with a scale of 1:1 (Cruz-Neira et al., 1993). The Virtual Wall solution instead involves only 
one screen for a semi-immersive experience. The graphical environment is realized by transmitting the 
three-dimensional model to the screen using a high precision stereoscopic holographic projector. The 
user can perceive its positioning in the three-dimensional space and interact with the screen through 
devices equipped with reflective markers. These sensors are detected by the cameras connected to the 

Figure 5. Cognitive Virtual Stimulation application structure



workstation transmitting a tracking signal processed by the software program. The higher the signal 
accuracy, the greater the user tracking in the surrounding space. In our specific study, 3D glasses, an 
Xbox joypad and four infrared cameras are used, as shown in Figure 6. For the Virtual Wall system to 
be installed, it is necessary to have a room of adequate size, with a free wall of at least 2.70x3.10 m. 
It is essential to be able to darken the room completely. The equipment must be carefully installed and 
calibrated in the specific place where it will be used to be effective. Some tracking problems may occur 
due to reflective surfaces, such as tiles, transparent surfaces and cabinet panels, and non-removable light 
sources. The virtual environment will be more engaging and realistic if the physical room is confined, 
free of clutter, with neutral tones.

At the same time as designing the Cognitive Virtual Stimulation application, the opportunity arose to 
carry out a clinical trial as part of the CANP project. The prospective observational study concerns the 
use of Virtual Reality and the Virtual Wall system to manage agitation in Dementia patients. Precisely, 
it is planned to subject the older adults with Dementia to a cycle of twice-weekly sessions of semi-
immersive virtual therapy for two months. The overview of the technological infrastructure deployed is 
outlined in the following section. The main primary and secondary objectives of the study are as follows.

• To assess the feasibility of a non-pharmacological intervention using Virtual Reality in the elderly 
patient with moderate-to-severe major neurocognitive disorder and agitation.

• To rate the enjoyment of different types of virtual environments.
• To evaluate the effects on agitation in the short and long term.
• To consider the effects on a patient’s quality of life.
• To value the impact on the caregiver’s perception of the care load.

It is expected to enroll fifty people referred to the outpatient of the S.C.U. Geriatrics department, 
who are 75 years of age or older and have been diagnosed with moderate-severe major neuro-cognitive 

Figure 6. Virtual Wall Virtual Reality technology



disorder according to the diagnostic criteria of the DSM-V (American Psychiatric Association, 2013). 
The level of cognitive impairment is assessed through the Mini-Mental State Examination (MMSE) 
test (Folstein et al., 1975) and Clinical Dementia Rating (CDR) parameter (Morris, 1997). Irritability, 
aggressiveness, aberrant motor activity and sleep disturbances are some of the behavioral impairments 
considered. They are primarily concerned with the agitation cluster. The place of experimentation is the 
hospital. Depending on the requirements for using the Virtual Wall mentioned before, a suitable room 
was selected at the hospital ward of Servizio di Ospedalizzazione A Domicilio della S.C. Geriatria e 
Malattie Metaboliche dell’Osso – PO Molinette of the Azienda Ospedaliero Universitaria Città della 
Salute e della Scienza di Torino and the set-up and configuration was carried out. The trail was then 
carefully engineered to make the individual guided virtual experience replicable and comparable in its 
modalities for all participating subjects. The study protocol comprises five main phases in which dif-
ferent professionals are involved depending on the actions to be carried out. At least two operators and 
one doctor participate in the study in addition to the patient.

Phase One: Pre-screening and enrolment
The first step to starting the programme is knowledge-based. It involves the assessment of the pa-

tient’s initial clinical conditions and the determination of eligibility for inclusion in the study. Mainly 
the drug therapy and the care load are considered. Information on the patient’s biography and the level 
of digital competence is also essential to evaluate the user feedback during the therapy session. This 
activity consists of an interview of the patient and his/her caregiver with the doctor.

Phase Two: Semi-immersive therapy sessions
Each patient undergoes a program of sixteen sessions, two per week for eight consecutive weeks. 

Each session lasts 15 minutes, and two experimenters and a doctor are present in addition to the partici-
pant. The caregiver can attend the session but should not speak or have eye contact with the patient. It 
is believed that communicating with a familiar person can distract the patient and affect the session, the 
enjoyment and the possible outcome of the experience. The subject is welcomed into the experimental 
environment and made to feel comfortable, allowing him/her to adapt to the situation. He/she is seated 
in the centre of the room in front of the Virtual Wall screen and is asked to wear an accelerometric sen-
sor placed on the patient’s wrist to monitor vital parameters and 3D glasses with markers. To make the 
session as experiential as possible, the operator positions himself immediately behind the patient and 
leads him through the virtual walk by moving with the controls of the Xbox joypad. The doctor sits next 
to the patient and observes his reaction. A second operator also observes the session from the back of 
the room. The environment is darkened, and the feeling for the patient is that of being alone. The same 
application is provided to the user for all 16 sessions. Although this may sound repetitive, it is essential 
for the validation of the study. Moreover, the state of confusion caused by the disease makes the patient 
forget the contents of the treatment from one session to the next, thus making the experience as attractive 
and stimulating as the first time. As an experimenter leads the session, it was possible to define precisely 
all aspects characterising the virtual walk-in terms of actions to be performed and timing and overall 
duration. The start of the route with the linear exploration of the hospital ward corridor (entrance and 
exit) is used as an acclimatisation time. It, therefore, has a short duration of 1 minute. The multisensory 
room is assigned a total of 11 minutes. The gradual discovery of the different elements is 4 minutes long 
and ends with the user observing the aquarium. The visual stimuli proposed in the Memory Train activity 
take up to 3 minutes. In comparison, the sound stimuli with listening to the instruments and a famous 
song of the user’s choice are set aside for 4 minutes. In the natural landscape, 3 minutes are spent. The 
experience ends with returning to the hospital corridor, where everything started.



Phase Three: Significant session data recording
At the same time as the virtual therapy session takes place, the patient’s reactions are recorded, and 

observation sheets are filled in by the doctor and the second operator together. At the beginning and 
immediately at the end of the session, the patient will be measured for blood pressure, heart rate, and 
respiratory rate. Accelerometric measurements, which are significant for the quantity of movement 
the subject makes during the session, and heart rate are recorded to check the state of relaxation of the 
subject. These parameters are measured via the smartwatch-type accelerometer sensor worn on the 
patient’s wrist. The collected data are downloaded using dedicated applications as Comma-Separated 
Values (CSV) files and made available for analysis. Then these values are correlated with the sequence 
of the different virtual environments and the visual and sound inputs proposed in the virtual walk. In 
addition to the trend, the standard deviation, median, mode, maximum, minimum and mean values are 
also calculated for each dataset. The experimenter also notes aspects of non-verbal communication and 
body movements: open/closed eyes, the posture assumed in the chair, e.g., whether the back is against 
the backrest, whether the legs are crossed. These elements help to understand the patient’s state of re-
laxation, whether at ease or in a state of agitation and restlessness. The patient can also be filmed during 
the session to observe better these elements such as facial expressions, gestures, and behaviour. The 
patient’s reaction to the visual and auditory stimuli is scored, in particular, if the attitude is passive and 
no interaction is established or if the patient asks questions or comments, telling about their personal 
experience and verbalising their state of mind. Another significant element is the active listening during 
the music part, where it is observed whether the patient keeps the rhythm, whistles or sings. At the end 
of the intervention, the doctor conducts an informal interview with the patient to assess satisfaction. In 
particular, the presence of emotions such as confusion, fear, sadness, and the appearance of any side 
effects like discomfort, vertigo, dizziness, and headache due to the use of the technology are checked. 
The level of gradability of the non-immersive virtual reality tool is assessed by constructing a Likert 
scale (Joshi et al., 2015). A PDF summary monitoring report is generated using the data storage system 
discussed in Phase Five based on information collected during each session. The computer language 
used is Javascript. The experimenter manually loads the punctual information into the system, while the 
heart rate and accelerometer data are processed from the external datasets recorded by the smartwatch. 
An example is given in Figure 7. The first part of the report presents a graphical representation of the 
patient’s heart rate and accelerometer fluctuations. Both graphs show on the x-axis the time values, i.e. 
the time instants in which the recordings are made, while the y-axis shows the values of the monitored 
data expressed in their unit of measurement. In the graphic restitution of the diagram, vertical reference 
lines are implemented at specific time instants. These identify the transition between one virtual set-
ting and another, considering the different inputs proposed. They, therefore, correspond to the timing 
described in Phase Two, i.e. minutes 0, 1, 5, 8, 12, and 15. The second part of the report contains a 
radar chart indicating: enjoyment, relaxation, level of personal involvement and outcome of interaction 
with sound and visual input. The two datasets refer to the multisensory and natural rooms. This type of 
graph is used to quickly visualise the effect and compare the results for the two different environments. 
It is not possible to establish a priori which of the two virtual environments can return more satisfying 
sensations. The report’s last section is dedicated to collecting a short descriptive text representative of 
the individual experience. It includes any aspects not considered and evaluated utilising appropriate 
scales that may prove helpful in understanding the phenomena.



Phase Four: Baseline, conclusion, post-conclusion assessment

During the program, three moments of clinical evaluation are identified. They are conducted by the 
doctor through a structured interview individually with both the patient and the caregiver. Patients are 
evaluated at baseline (t0), at the end of 8 weeks of non-pharmacological treatment (t1), and one month 
after the conclusion of treatment (t2) in order to detect the feasibility of the intervention with Virtual 
Reality, the immediate and long-term effects of an innovative non-pharmacological approach on agitation. 
The data collection is done through structured interviews and the completion of validated scales. The 
evaluation includes cognitive and functional assessment of the patient, measurement of agitation, also 
considering indirect aspects such as the impact on quality of life and sleep characteristics of the patient, 
pharmacotherapy and caregiver burden. With regard to cognitive status, Mini-Mental State Examination 
(MMSE) test (Folstein et al., 1975) and Clinical Dementia Rating (CDR) parameter (Morris, 1997) are 
considered. The Cohen-Mansfield Agitation Inventory (CMAI) index (Cohen Mansfield, 1986) and the 
Pittsburgh Sleep Quality Index (PSQI) self-report questionnaire (Buysse et al., 1989) are assessed for 
the state of agitation, and the EQ-5D-5L for the patient’s quality of life (Herdman et al., 2011). Finally, 
the caregiver’s care burden is assessed through the Caregiver Burden Inventory (CBI) scale (Novak & 
Guest, 1989).

Phase Five: Reporting and data analytics

As anticipated in the previous steps, many parameters must be monitored to validate the effectiveness 
of the therapy. For this reason, a structured data collection system was deemed appropriate. The system-
atization of the dataset makes it possible to analyze the information of test subjects’ patients, compare 
results and perform statistical processing through a generalized linear model for repeated measurements. 
The logical architecture of the computer network is of the client-server type. The Google Chrome web 
browser is used with desktop visualisation via local address for the user interface. The entry, consulta-
tion and updating of the characteristic patient and related session data are managed through dedicated 
sections created through HyperText Markup Language (HTML) documents. A local server interprets 
client input requests and communicates with the database. The XAMPP control panel is used to acti-

Figure 7. Summary session monitoring report



vate the Apache and MySQL modules. Communication between the local server and the database takes 
place via a specific Personal Home Page Language (PHP). The user can display the output via client-
processed HTML pages. The process is schematised in Figure 8. When a new patient is registered, a 
unique identification code is assigned, which will represent the participant throughout the entire care 
process. A specific section is implemented in the client to visualise the database without the possibility 
of modification. It allows the doctor to use the system easily while preserving the integrity of the data.

The pilot study is supported by a system of technologies and platforms for testing non-pharmacological 
interventions using Virtual Reality to manage of cognitive disorders associated with Dementia. The ar-
chitecture includes several layers of technology, communication and data storage, as shown in Figure 9.

Figure 8. Logical client-server-database integration process



• Virtual Reality Application: designed with Unity software in C#. The application is launched via 
Unity software. The configuration and the operation require the use of the Virtual Wall system.

• Unity: software for creating and launching virtual scenes.
• Virtual Wall: a system for interactive Virtual Reality based on stereoscopic wall projection 

equipped with fixed components, transportable if necessary and complete with tools for tracking 
rigid bodies.

• Optitrack Motive: rigid body tracking software.
• MiddleVR: software for receiving and processing tracking signals by superimposing them on the 

virtual scene’s three-dimensional model.
• Wearable Xiaomi mi band 2: wearable system with accelerometer and heart rate sensors used to 

monitor movement and heart rate while performing activities non-invasively.
• App Android Mi Fit: Android application combined with Xiaomi mi band 2 Wearable device for 

activity recording.
• App Sleep As Android: Android application for sleep cycle monitoring used for recording accel-

erometer data detected by Wearable Xiaomi mi band 2.
• App Tools & Mi Band: Android application associated with Mi Fit used for continuous monitor-

ing of heart rate detected by Wearable Xiaomi mi band 2.
• Front-end: Unity code for the virtual scenes and user interface realized with HTML markup lan-

guage for the imputation of the characteristic data of the study and the integration of the data 
recorded by the Sleep As Android and Tools & Mi Band applications. The Visual Studio Code 
text editor is used.

• Back-end: Unity for the virtual scenes and HTML JavaScript platform that dialogues with the 
Front-end through PHP programming language calls to the MySQL database, hosted by the 
XAMPP virtual environment, for the consultation and storage of the characteristics in the MySQL 
database.

• XAMPP platform: high-level infrastructure used as an application server.
• MySQL: database management system for collecting the study data.
• Apeman A60 1080p HD Sports: Action Camera for image and video capture to assess patient 

enjoyment of the experience.

Figure 9. Technological system architecture



The Cognitive Virtual Stimulation application and the prototype configuration of the system have been 
fully realized and are available for a clinical study. However, the trial has been temporarily suspended due 
to the COVID-19 epidemiological emergency. In this situation, it was impossible to access the geriatrics 
department’s areas and recruit patients from the target group in question, as it was considered unsafe to 
have them come to the hospital twice a week. However, a limited test sample is available thanks to some 
preliminary sessions conducted in concomitance with the installation of the Virtual Wall technology at 
the Molinette Hospital in Turin. Fifteen patients underwent the first session of the trial on a voluntary 
basis. No critical issues or adverse reactions emerged at this stage that hindered the session’s running. 
Despite the age target considered, around 80 years of age, the subjects involved were willing to carry out 
the virtual session. Some did not quite understand why they had to undergo this experience; on the other 
hand, no one shied away from doing it. They readily agreed to wear the 3D goggles for body tracking and 
the smartwatch to monitor heart rate and movement. Nobody decided to interrupt the session before the 
15-minute time limit. The three-dimensional settings enriched with sound and interactive elements were 
generally assessed as pleasant. All participants recognized the correspondence of the virtual corridor 
with the real one of the hospitals they had just walked through to reach the test site, even though it had 
been decorated with greenery and paintings that were not there. Viewing the aquarium definitely aroused 
strong interest and entertainment in the multisensory room. Observing the movement of the water and 
the fishes caught their attention. At the same time, the sequence of pictures proposed in the Memory 
Train stimulated the patient’s openness and willingness to recall moments of lived life. In some cases, 
the participant reported personal events more or less related to the presented photographs. It was noted 
that the content of the input was not necessarily related to the patient’s stories. Almost no one recognised 
the Mole and Superga outside the windows present in the room. However, the images were associated 
with monuments of collective interest familiar to the participant’s life. Almost all participants generally 
achieved a beginning feeling of relaxation in correspondence with the delivery of the sound stimuli. As 
anticipated, music therapy is widely affirmed in this field. So, it proved to be even when the delivery 
took place in a virtual setting. It can be noted that all participants showed a more laid-back attitude while 
listening to the music. The position in the chair is less rigid and more comfortable; the legs are crossed, 
and the hands and feet keep the rhythm. The patient started to sing in limited cases, more frequently 
moving his lips or whistling. It was not possible to clearly identify the patients’ preferences concerning 
virtual settings. Thanks to the natural elements, the outdoor setting is indeed rated positively by many 
users. However, it has been found that being in an environment with a vast horizon can make it difficult 
for patients, who may even feel disoriented. In contrast, the indoor environment provides a protected 
environment as it is closed and well-defined, so the user does not feel discomfort. Also, patients with 
hallucination disorders experienced the presence of shadows often associated with people in the natural 
environment. For this reason, demented patients with these alterations were excluded from the study. 
On the other hand, however, the user detected a complete feeling of immersion in the natural environ-
ment. This aspect may be due to the gradual patient acclimatisation to the virtual context. For example, 
some subjects shifted their heads, intending to dodge tree branches during their walk. The observation 
of the non-verbal language expressed by the patient is fundamental to verifying the performance of the 
experience both in terms of the quality of the graphic representation and possible calming effects. Only 
in the case of a drug-sedated patient the session was not very useful as the subject’s attention span was 
minimal, and he tended to fall asleep. Notably, one patient, who was not very communicative during 



the session, manifested a condition of total relaxation by whistling a song while virtually walking in 
the natural landscape setting guided by the operator, as shown in the video shown in Figure 10. This 
episode in which the most significant involvement was found encourages further feasibility studies and 
experiments related to the use of virtual technologies.

The experimentation mentioned above constitutes the first methodological step in a broader research 
project introducing the use of Virtual Reality for the treatment of cognitive-behavioural disorders. In 
the event of positive, or at any rate not negative, results from the clinical trial carried out in the hospital 
setting, new paths of investigation would open up. On the one hand, it is possible to evaluate the cus-
tomisation of the application to provide an experience characterised by the most significant elements 
of each participant’s life and respond to specific needs. Starting from the Cognitive Virtual Stimulation 
application, for instance, it is possible to replace the images proposed in the Memory Train activity with 
photographs from the patient’s private sphere so that they can recognise themselves in different situations 
at different times in their lifetime. On the other hand, it is planned to set up an actual cognitive rehabilita-
tion programme with the gradual enrichment of the proposed sensory activities and the introduction of 
a section dedicated to the performance of some basic and more advanced memory exercises (De Luca 
& Ugliotti, 2020; Carvajal Talero, 2019). For example, the caregiver can ask the patient to remember 
a meaningful date for him/her or the current date and compose it virtually using a slider. Alternatively, 
patients can exercise their minds by recomposing the order of a sequence of colours or a jigsaw puzzle. 
The use of representation, shapes and colours becomes essential to make the experience enjoyable. The 
patient can also become autonomous in exploring space and performing cognitive exercises. After an 
initial period of using cybertherapy in a hospital setting, it is expected that the application can be extended 
to nursing homes and home settings. It is essential to remodel the experience using less expensive and 
less complex technologies in this latter case. Dementia appears to be just one of the possible pathologies 
for these studies and activities.

Figure 10. Feeling of total relaxation achieved in the natural environment



This chapter presents the most exciting results of cyberspace exploitation obtained within the CANP 
research project framework. The therapy is evaluated for the non-pharmacological treatment of Dementia-
related cognitive disorders. The Cognitive Virtual Stimulation application proposes a multi-sensory indoor 
scenario and a natural outdoor setting to evaluate the effectiveness of Virtual Reality for the relaxation 
of the elderly patient with moderate-to-severe major neurocognitive disorder and agitation. Solutions 
involving serious games are currently evaluated to improve patients’ quality of life through innovative, 
captivating experiences. The implementation as a diagnostic and therapeutic tool offers innovative pos-
sibilities for the understanding, evaluation and rehabilitation of numerous cognitive, psychiatric and mo-
tor disorders. The study examines Dementia and considers a target group of senior users. However, this 
experiential approach is considered extraordinarily versatile and can embrace a broad spectrum of case 
histories and pathologies. From the elderly to children, from care to entertainment. Creating a specialized 
virtual technology center would undoubtedly enrich the hospital’s range of services and be of interest to 
multiple hospital departments. It is also essential to assess the impact of research on the ability to design 
actions for the future, considering the development and maturation time of studies and prototypes and 
the characteristics of possible users. In particular, the target audience is not the patient and older adult 
of today but the one who will be able to take up interactivity and deal more naturally with technological 
devices in the medium to long term. The multidisciplinary approach applied to the healthcare context 
can contribute to the patient’s well-being from the perspective of the Society 5.0 and foster new market 
and research fronts. In this scenario, the role of representation is put at the service of the Smart Hospital 
to extend and enrich the processes of participatory design and user experience activities.
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Cave Automatic Virtual Environment (CAVE): Surround-screen projection-based virtual reality. 
Theater immersive visualization system was invented at the University of Illinois in 1992, consisting of 
a cube-shaped VR room in which the walls, floors and ceilings are projection screens.

Cognitive Stimulation Therapy: Treatment which aims to improve cognitive skills and quality of 
life of people through activities such as categorisation, word association, discussion of current affairs 
and executive functions.

Cyberspace: Digital space navigable in virtual mode by people from different realities communicat-
ing with each other within a computerised world of digital networks.

Cybertherapy: Different forms of clinical assessment and treatment that use new experiential tech-
nologies as their primary intervention tool.

Dementia: Global deterioration of the cognitive state, often in a progressive manner that impairs 
various brain functions, such as memory, language, reasoning, orientation, and the ability to perform 
complex problems. These cognitive dysfunctions are associated with personality and behavioural changes, 
including irritability, anxiety, depression, insomnia, and apathy.

Digital Twin: Virtual representation of an object or system that spans its lifecycle, is updated from 
real-time data, and uses simulation, machine learning and reasoning to help decision-making.



Multi-Sensory Environment: Dedicated space or room where sensory stimulation can be controlled 
(intensified or reduced), presented in isolation or combination, packaged for active or passive interaction, 
and matched to fit the perceived motivation, interests, leisure, relaxation, therapeutic and educational 
needs of the user.

Serious Game: Games designed for educational purposes.
Smart Hospital: Hospital building with a digital brain and systems that can connect with users’ needs.
Virtual Wall: Screen projection-based virtual reality part of the CAVE visualisation system. It 

involves only one screen for a semi-immersive experience and the use of peripherals equipped with 
markers such as 3D glasses and a joypad.




