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Preface

“To know how to grow old is the master-work of wisdom, and one of the most diffi-
cult chapters in the great art of living” wrote Henri-Frédéric Amiel. Therefore, it is
necessary to know how to do it by helping us with a multidisciplinary approach that
embraces the principles of human-centred design (HCD), technology and Internet
of Things (IoT). These aspects that are seen sometimes as separate aspects are inter-
twined in this book creating new possibilities for the development of niche solutions
for older users who are beginning to experience physical and cognitive decline but
are still autonomous and need to preserve their autonomy for as long as possible.

IoT encompasses the use of novel systems that include new generation sensors
andmicrocontrollers connected to the Internet. These systems can be used for several
applications of ambient-assisted living (AAL), which is a critical topic concerning
the world’s population ageing. The combination between the needs expressed by
older users and the opportunities offered by recent innovative technologies allows
research institutions, stakeholders and academia to target and design new solutions
for older users, safeguarding their well-being, health, and care and improving their
quality of life. AAL architectures are created to meet the needs of older adults, with
the aim ofmaintaining them autonomous for as long as possible. Thework conducted
by numerous researchers worldwide makes it possible to create novel architectures,
algorithms and systems to improve older adults’ life quality and well-being.

The book presents the state of the art of the IoT, applied to human-centred design
(HCD) projects addressed to ageing users, from the perspective of health, care, and
well-being. The current focus on the ageing population is creating new possibilities
for the development of niche solutions for older userswhoare beginning to experience
physical and cognitive decline but are still autonomous and need to preserve their
autonomy for as long as possible.Moreover, it discusses and analyses themost recent
services, products, systems and environments specifically conceived for older users,
to enhance health, care, well-being and improve their quality of life. This approach
is coherent with the percept of AAL or enhanced living environment, looking to the
users’ comfort, autonomy, engagement and health care.

This volume consists of eighteen chapters, divided into four sessions analysing
aspects ofHCDwith older users looking at emerging technologies, products, services
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vi Preface

and environments in their actual application in different areas, always concerning
the design for the elderly related to the IoT, such as the development of biomoni-
toring devices, tools for activity recognition and simulation, creation of smart living
environments, solutions for their autonomy, assistance and engagement enhancing
health, care and well-being.

The project touches the five continents involving different countries as Australia,
Belgium, India, Italy, Malaysia, Mexico, Nigeria, Pakistan, Portugal, Sri Lanka,
Sweden, UK, and USA.

To these authors, reviewers and book’s managers, we would like to express our
gratitude for their enthusiasm and professionalism to participate in a timely and
favourable manner in this challenge.

We truly hope that the chapters in this book will contribute to fostering education,
research and innovation among academics, stakeholders and research organisations.

Antwerp, Belgium
Ferrara, Italy
Coimbra, Portugal

Sofia Scataglini
Silvia Imbesi

Gonçalo Marques



About This Book

Thebookpresents the state of the art of the Internet of Things (IoT), applied to human-
centred design (HCD) projects addressed to ageing users, from the perspective of
health, care and well-being. The current focus on the ageing population is opening up
new opportunities for the development of niche solutions aimed at the niche category
of older users who are beginning to experience physical and cognitive decline but
are still independent and need to maintain their autonomy for as long as possible.
The combination between the needs expressed by older users and the opportuni-
ties offered by the recent innovative technologies related to the Internet of Things
allows research institutions, stakeholders and academia to target and design new
solutions for older users, safeguarding their well-being, health and care, improving
their quality of life. This book discusses and analyses the most recent services, prod-
ucts, systems and environments specifically conceived for older users, in order to
enhance health, care, well-being and improve their quality of life. This approach
is coherent with the percept of AAL or enhanced living environment, looking to
the users’ comfort, autonomy, engagement and health care. The book describes and
analyses aspects of HCD with older users looking to the emerging technologies,
products, services and environments analysed in their actual application in different
areas, always concerning the design for the elderly related to the IoT, just as the
development of biomonitoring devices, tools for activity recognition and simula-
tion, creation of smart living environments, solutions for their autonomy, assistance
and engagement enhancing health, care and well-being. The book is intended for
researchers, designers, engineers andpractitioners in health care to connect academia,
stakeholders and research institutions to foster education, research and innovation.
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Inclusive Innovation Through Design
for Services: A Service Ergonomics
Perspective

Daniele Busciantella-Ricci, Carlos Aceves-Gonzalez, and Sofia Scataglini

Abstract This chapter focuses on the relationships betweenErgonomics and innova-
tion through design from a service perspective. The aim is to underline howdesign for
elderly users can be a resource for finding inclusive innovations that can be exploited
for all the service users. This work underlines how Design for Inclusion represents a
design resource for designing inclusive services for all—elderly users included. We
outline the value of the Design for Inclusion approach in Service Design as a catalyst
for finding inclusive innovations. From this perspective, knowledge fields such as
Ergonomics, fields of design knowledge such as Inclusive Design, Design for All,
Universal Design and design disciplines such as design for services play a crucial
role. Therefore, the first part will offer theoretical discussions on the relationships
between Service Design and Design for Inclusion. The second part will discuss
the Inclusive Service Design approach by reporting studies and research experi-
ences for designing services that mainly consider the elderly user’s perspective. The
third part frames the Service Ergonomics concept. Finally, we discuss how Design
for Inclusion, the Inclusive Service Design approaches and the Service Ergonomics
concept can contribute to the aim of this book from a holistic, inclusive and disruptive
perspective.
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4 D. Busciantella-Ricci et al.

1 Introduction

Design for innovation is a mantra and a buzzword of the last decades in the design
thinking culture (e.g. [1–7]). Less attention has been given on the ‘design for inclusive
innovations’ that should be one of the focus to reach social issues and facing systemic
changes. Therefore, before entering the core of this work, it would be necessary to
provide the assumptions that guided the development of this chapter. Indeed, the
main contents and what we argue is described through in the following assumptions
related to the Internet of Things (IoT) for human-centred design (HCD) and their
applications to elderly healthcare. We argue:

(i) IoTs are essentially services [8–11] applied through products and systems
according to flows and experiences that require design processes where users
should be involved in every phase andwhere creativity and the design thinking
should find applications and solutions; Service Design (SD) may help in
understanding this perspective;

(ii) creating human-centred applications for elderly is more fruitful if inclusive
approaches for designing are applied [12]; Inclusive Design (ID), Design
for All (DfA), Universal Design (UD)—or in general terms ‘Design for
Inclusion’—may help on understanding this perspective;

(iii) designing for elderly in complex systems such as healthcare requires design
disciplines that can consider levels of design related to services and systems
[13–15]with design principles that emphasise at least contextual observations,
collaborative design practices among the stakeholders (elderly included), and
inclusive approaches in terms of emphasising the diversities; new approaches
such as the Inclusive Service Design (ISD) approach [16, 17] may help on
understanding this perspective.

Finally, this chapter proposes to take advantage of all these fields of studies both
from the design culture and the Ergonomics culture by considering some kind of
changes of the traditional perspectives such as:

• from an approach that focuses on elderly users to an approach that considers
innovations for all;

• from an ‘Ergonomics and/in/for design’ approach to an ‘innovation through
Ergonomics design’ approach;

• from a product-oriented approach to a service-system-oriented approach;
• from a human-centred approach to a truly inclusive and participative approach.

In general terms, the main goal of this chapter is to focus on how Ergonomics
and design can create favourable conditions to foster inclusive innovations. SD is
here underlined as a design discipline [18–21] to reach the goal of using Ergonomics
for innovations through design. We argue that this can be useful for practitioners,
researchers, designers and ergonomists thatwant to use these perspectives in applying
human factors and Ergonomics with the aim to design products, services, systems
and policies for all with a real HCD approach, comprised applications in the field of
IoTs for elderly.
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This chapter focuses on approaches and design disciplines that we suggest for
designing IoT—in terms of products, services and systems—for elderly users through
inclusive perspectives.We argue taking into consideration ‘IoT forHCD’ by focusing
on ‘application to elderly healthcare’ calls into question fields of studies and practices
of the design thinking culture (cf. [22–24]) as well as the Ergonomics field of knowl-
edge. Designing for elderly users can be a resource for finding inclusive innovations
that can be exploited for all the service users. Therefore, this chapter underlines how
Design for Inclusion represents a design resource for designing inclusive services
for all [12, 25]—elderly users included. The first part of the chapter will introduce
basics of SD and create a link with the inclusive perspective in designing for inclu-
sive services. A second part of the chapter will introduce the ISD approach and some
practical implications in designing services for elderly through the Inclusive Service
Blueprint tool. The last part of the chapter frames the ‘Service Ergonomics’ concept
and underlines some implications of the perspective that we propose for the aim of
this book.

2 Design for Inclusion and Service Design

According to the premises above, in this paragraph, we discuss the reasons we are
introducing SD,Design for Inclusion and some perspectives thatmay help inmerging
these two domains of the design culture for the purpose of this book. It is well known
that SD can frame its implications in services, policies and systems (cf. [26]). In
addition, Design for Inclusion may create inclusive contexts for innovations [25, 27].
However, a better understanding on the relationships between SD and the Design for
Inclusion is needed [12]. This is because the call of institutions and international
organisations such as the European Commission (EC) through the Horizon Europe
programme [28], the United Nations (UN) through the 2030 Agenda for Sustainable
Development [29], or theOrganisation for Economic Co-operation andDevelopment
(OECD) through specific initiatives (e.g. [30]), just to name a few, widely underlined
the interest in supporting social cohesion, inclusive growths, inclusive societies and
facing big challenges such as the climate change that requires inclusive and sustain-
able approaches for ideating, designing and developing projects (see [31–33]). We
argue that a holistic perspective and a participatory and inclusive approach is required
to address big global challenges for aiming inclusive innovations—also through IoT
for human-centred applications that focus on elderly users in the healthcare system.
Design for Inclusion and SDmay simplify these needs and create fruitful connections
for using multiple knowledge domains such as Ergonomics.
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2.1 SD in Design for Inclusion and Design for Inclusion
in SD

From a certain perspective, Design for Inclusion can work as an umbrella term
to comprise approaches in designing for inclusive purposes (cf. [25, 34–38]). In
the last decades, well-known approaches such as ID, UD and DfA are going to
replace terms such as barrier free design, design for accessibility, or approaches
that tend to stigmatise or focus on specific target groups of people; e.g. design for
elderly, design for disability (cf. [39–45]). Also, this reinforced the main common
principles of these three approaches (ID, UD and DfA) in using design strategies
for contrasting stigmatisations, social exclusions, promoting social inclusion and
adequately exploitingpeople diversity as a design resource (cf. [46]). These principles
combine the three approaches under the common concept of ‘Design for Inclusion’.
In addition, about the ID, DfA and UD approaches, wider attention has been given to
the design of physical and digital products, interfaces, spaces and build environment
(cf. [40, 41, 44, 47, 48]), while, from an inclusive perspective, less attention has been
given in those aspects characterise intangible things such as services, policies and
systems.1

The application of Design for Inclusion approaches in designing services can
be partially tracked down in making interfaces, Web applications or ICT systems
more usable, comfortable, pleasurable and accessible for the wider range of people’s
needs (cf. [12, 49–53]). On one hand, the design of this kind of digital and physical
products or integrated system is not always recognised as a part of the SD process. On
the other hand, the design at this level of design contents is not fully representative
of the whole complexity of the SD process. According to an inclusive approach,
designing these types of design contents is not enough for facing an adequate design
complexity and considering the whole inclusion aspects in front of the experiences,
activities, infrastructures, products and policies of the entire service system.We argue
designing inclusive services—also in IoT for elderly—requires basic knowledge on
what a service and SD is and at least what kind of principles this design discipline
should follow.

Therefore, before entering the core aspects of this chapter, an overview on the
service term, SD definitions and principles are needed.

About the service term, multiple definitions are offered from several authors with
different backgrounds. Indeed, Edvardsson, et al. [54] suggested that ‘on a general
level the service definition is a perspective’. For instance, a general perspective is
offered by resources such as theCambridgeDictionary [55] that associates the service
meaning with the ‘public need’ domain and this noun is described as ‘the fact that a
system is working’; in alternative, it is described as a noun that indicates ‘the act of
dealing with customers in a shop, restaurant or hotel by taking their orders, showing
or selling them goods, etc.’ Also, according to the synthesis offered by Downe [56], a

1 For instance, if one compares the results in searching “inclusive design”, “design for all”, “universal
design” combined with “product design” on academic search engines, a greater amount of results
can be actually found with respect to the same set of keywords combined with “service design”.
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service ‘is simply something that helps someone to do something’ and the challenge
in designing a service resides in these relationships among the ‘something’, among
the ‘someone’, and between the ‘someone’ and the ‘something’. This is not so far
from the definition that describes the service as ‘an interaction between entities that
co-create value, where the entities involved may be persons or nonpersons, such as
government offices, educational institutions and possibly some form of automation’
[57]. From a service system perspective, ‘service is the application of resources
(including competences, skills and knowledge) to make changes that have value for
another (system)’ [58].

Basically, it is also possible to see a service as a process [59]. According to
Katzan [57], a service ‘is a socially constructed temporal event that possesses a life
cycle comprised of design, development, analysis and implementation, as with most
technological innovations’.

According toMorelli et al. [26], the different definitions of the term ‘service’ refer
to different interpretations of this term, i.e. (i) ‘service as interaction between two or
more people, characterised by unbalanced roles between server(s) and served’ […];
(ii) ‘service as an infrastructure that supports a certain kind of (service) activities’
[…]; (iii) ‘service as a systemic institution […] that organises the activities and
processes’.

One can also retrace a service definition on the assumption proposed by Kim [60]
that assumed service as ‘a system of collective action of parts connected to the whole
for the purpose of achieving a shared goal’; therefore, service can be also interpreted
as a system of participation [61]. In fact, with a broad perspective, ‘services are
systems that involve many different influential factors’ [62]; and ‘service design
takes a holistic approach in order to get an understanding of the system and the
different actors within the system’ [62].

Therefore, after this brief introduction on the service term, what is SD?
By referring to the framework proposed by Kimbell [63], Morelli et al. [26]

argue that the SD definition ‘derived from such tensions define design, either from
an engineering perspective—keeping the distinction between products and services,
and interpreting design as a problem-solving activity—or from a design for services
perspective, which looks at services as a value creation activity in an open-ended
problem exploration involving different actors’. However, after several years from
the first origin of the term from the marketing literature (see Shostack [59]), it is
actually possible to identify several definitions of SD such as (here a non-exhaustive
overview of the SD definitions):

• ‘It aims to ensure that service interfaces are useful, usable and desirable from the
client’s point of view and effective, efficient and distinctive from the supplier’s
point of view’ [64];

• ‘Service design aims at designing services that are useful, usable and desirable
from the user perspective, and efficient, effective and different from the provider
perspective. It is a strategic approach that helps providers to develop a clear
strategic positioning for their service offerings’ [62];
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• It is ‘design for experiences that happenover time and across different touchpoints’
(see servicedesign.org in [65]);

• ‘Service design is the activity of organising and planning people, infrastruc-
ture, communication and material components of a service in order to improve
its quality and the interaction between service providers and customers. It is a
creative, viable and user-centred design process that is used by organisations to
create value for their customers or users and serves as a competitive advantage
for the service provider’ [3];

• ‘The systematic application of design methods and principles to the creation of
service concepts for new or improved services’ ([66] by also following [18]);

• ‘Service design is a transdisciplinary design practice: it deals with complex
systems that require different skills and capabilities across various forms of media
and spheres of human interaction. Service design also requires a capability for crit-
ically analysing situated problems and formulating strategies for change. Several
disciplines converge in the designing of services, including the arts, economics,
the humanities and technology’ [67];

• According to Stickdorn et al. [68], SD can be explained in many ways such as
a mindset—therefore, as ‘a collection of attitudes that determine our responses
to various situations’—or, as a process that is driven by the design mindset, or
as a toolset that lose much of their impact and may even make no sense without
a process, mindset, and even common languages; or SD can be explained as a
cross-disciplinary language—therefore as a common language among different
disciplines—or as a management approach to both the incremental and radical
innovations;

• ‘Service design is the activity of working out which of these pieces need to fit
together, asking how well they meet user needs, and rebuilding them from the
ground up so that they do’ [69];

• SD can be also described as ‘a multidisciplinary field with a wide range of tools
and methods for creating and improving service systems’ [70].

About the principles of SD, we briefly provide an overview about some perspec-
tive from the literature generally service designers refer to. Among the authors that
explicitly have taken positions on SD principles, we mention the followings:

• Mager [64] described SD as a work with a holistic approach; an interdisciplinary,
co-creative practice that has a radical approach, and it is based on visual thinking;

• Stickdorn et al. [71] proposed theServiceDesignThinkingwithfiveprinciples that
describe SD as a user-centred, co-creative, sequencing, evidencing and holistic
practice;

• Stickdorn et al. [68] by proposing a revision presented six principles highlighting
that SD is a human-centred, collaborative, iterative, sequential, real and holistic
practice;

• Downe [56] described fifteen principles of good services by emphasising what are
those principles that make a service ‘good’; so (i) a good service is easy to find; (ii)
it explains its purpose; (iii) it sets the expectations a user has of it; (iv) it enables a
user to complete the outcome they set out to; (v) it works in a familiar way; (vi) it
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requires no prior knowledge; (vii) it is agnostic to organisational structures; (viii)
it requires few steps; (ix) it is consistent throughout; (x) it should have no dead
ends; (xi) it is usable by everyone, equally; (xii) it encourages the right behaviours
from users and staff; (xiii) it should respond to change quickly; (xiv) it explains
why a decision has been made; (xv) it makes easy to get human assistance.

Even if both Mager [64] and Stickdorn et al. [68, 71] introduce, respectively, the
collaborative aspects and Stickdorn et al. [68] the HCD principles, none of them
explicitly mention principles related to inclusive approaches in designing services.
‘Human-centred’ does not necessarily mean ‘inclusive’. In contrast, Downe [56]
explicitly mentions inclusive principles in designing services. Indeed, according to
the eleventh principle, as Downe wrote, good services are usable by everyone regard-
less of their circumstances or abilities and in this case inclusion is a necessity, not an
enhancement.

The need for inclusion in services is also declared byFisk et al. [70] that introduced
the ‘service inclusion’ paradigm and proposed the ‘design for service inclusion’ to
move to socially inclusive service systems that require tools andmethods for fostering
service inclusion. Formally, ‘service inclusion’ is ‘defined as an egalitarian system
that provides customers with fair access to a service, fair treatment during a service
and fair opportunity to exit a service’ [70]. Also, according to Fisk et al. [70], service
inclusion ‘should be amoral imperative for service organisations, systems and nation-
states’. We argue that design for service inclusion means creating the condition to
design a service in an inclusive way about the whole complexity and in all the
dimensions of a service system. It means considering that inclusion in good services
‘is about more than just accessibility’ [56]. Therefore, to design an inclusive service,
we need to ‘start to think in terms of “inclusion” of a full spectrum of needs instead’
by considering ‘how all these needs will affect each user across each channel, rather
than just looking at the experience of a digital service’ [56]. Addressing inclusion in
SD for creating inclusive service systems also means innovating through diversity,
personalisation, collaboration and ethics. Therefore, it also means to address SD
with an Inclusive Design 3.02 level that focuses on service experience and user
diversity, and moving forward to the Inclusive Design 4.0 that focuses on system and
personalisation features.

However, taking a truly inclusive approach in designing services is not easy and
should not be confused with approaches that address specific target users only. Even-
tually, like in the spirit of the Inclusive Design 4.0, finding inclusive solutions with
specific target users should be useful for finding creative solutions for everybody.

2 Hua Dong and Sharon Cook proposed the Evolving Inclusive Design model [72] to summarize
the Inclusive Design research over the years. In this model, Inclusive Design 1.0 (1994) focuses
on user capabilities; Inclusive Design 2.0 (2004) focuses on interfaces, interactions and processes;
Inclusive Design 3.0 (2014) focuses on services and user diversity; Inclusive Design 4.0 (2024)
focuses on systems and personalization features.

For the aim of this book, we argue this model may help to understand the level of complexity
in designing inclusive services and we suggest using it to map your own approach in designing
services through inclusive approaches.
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2.2 Understanding Design for Inclusion and SD
Relationships: A Proposal

According to the perspectives described in the previous paragraph, for understanding
the relationship between SD and Design for Inclusion, we propose to consider four
categories that can describe how these two fields can be interrelated. Therefore, the
following categories are based on research works [12, 25] that proposed a framework
based on the assumptions that consider a reasonable relationship between ID and SD.

The first of the four categories is named ‘Inclusive Service Design’. This cate-
gory is based on the ISD approach [16, 17] where principles and methods of ID,
Ergonomics and SD are used for designing services.

The second category is named ‘Design for Inclusive Services’. It is the design for
an inclusive design result that in this case is an inclusive service rather than focusing
on the methods and the theoretical framework of the design process.

The third category is named ‘Service Design for Inclusion’—or we also named
this category ‘Service Design for All’. This means that SD is used for democratising
design or at least democratising SD as a strategic tool for inclusion.

The fourth and last category is named ‘Inclusive Design for Service Design’. In
this category, an inclusive process is used to design services through the ID field
of knowledge. In other words, about the fourth category, the ID attitude, praxis,
approaches and methods are used to design services.

These categories can describe a theoretical framework for understanding how
to design services by taking advantage of possible relationships between SD and
the Design for Inclusion approaches. They can also frame some basic knowledge
for SD approaches with a holistic and widely inclusive perspective. According to
the results of the previous work, the first category can be fully described with the
ISD approach as defined by Aceves-Gonzalez [16, 17] or with design approaches
that address the need for SD to provide a more inclusive approach for including
potentially excluded users and taking into consideration the diversity as a value in
the design process. About the second category, not sufficient literature has been
found for supporting the hypothesis behind this category. About the third category,
‘Service Design for Inclusion’ finds tangibility in those works that consider the
contemporary SD discipline as a collaborative and inclusive practice; and from those
perspectives that consider services and SD as a tool to alleviate social issues. About
the ‘Inclusive Design for Service Design’—the fourth category—it is represented by
those works where a Design for Inclusion attitude is adopted to contemplate more
inclusive services. It is the case where known approaches such as ID, DfA, UD are
applied for designing services with inclusive features and values.

Although these four categories are still the subject of several discussions in our
work, they offer a perspective to understand possibilities for framing strategies and
approaches in designing for consciously orienting the design of services toward
inclusive paradigms. If we also consider what we introduced in the previous para-
graph through the four categories, it is possible to identify approaches for designing
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services with a Design for Inclusion perspective. And they can also support or inte-
grate the design for ‘service inclusion’ paradigm from a design perspective. However,
we argue the categories presented in this chapter offer an overview on the different
possibilities a practitioner may use to find its own approach for designing inclu-
sive services. And this is particularly useful for those practitioners, researchers and
designers that are engaged in designing products-services based on the IoT systems
for elderly.

Therefore, to also offer a tangible perspective in what designing for inclusive
servicesmeans–especiallywith experimentation on the ageing population contexts—
a focus on the ISD approach is offered by the following paragraphs.

3 Inclusive Service Design

ISD emerged from a research project [16] in the aging population context, where
it had been recognised by the World Health Organization (WHO) [73] that in both
developed and developing countries, people claimed that their city was not designed
for older people and the provision of commercial and public services showed prob-
lems in meeting older people’s needs. Data from the WHO report suggested that
along with the need for an accessible built environment, there is a compelling need
for inclusive services that can be used by a broader range of users. Services in which
providers are able to understand how they can better respond to users irrespective
of their age or capabilities. Inclusive services, as defined at the British Standard BS
18477 [74], are those which are available, usable and accessible to all customers
equally, regardless of their personal circumstances.

As the population ages the need for inclusive services increases, representing a
challenge for the design disciplines in terms of providing knowledge and tools for
the evaluation, design and improvement of such types of services. With this in mind,
the integration of ISD was the main contribution from Aceves-González’s research
project [16]. ISD is an approach that integrates theory, principles and methods from
Ergonomics, ID and SD for evaluating and designing better (more inclusive and
effective) services. Providing knowledge and tools for the evaluation, design and
improvement of inclusive services is the primary goal of the ISD approach. ID and
SD are intimately connected to the idea of developing better services. It has been
highlighted the potential that these two approaches have to individually transform
services intomore functional, usable, desirable and viable ones [62, 75], but explicitly
considering their integration as a facilitator of designing better services is a novel way
to see that potential. In addition, ISD suggests Ergonomics (or human factors), the
scientific discipline concerned with the understanding of interactions among humans
and other elements of a system [76] as the underpinning discipline of the approach.

Initially, the ISD framework was used to evaluate bus service use by younger
and older people in a city in Mexico [77, 78], which allowed identifying the gaps
between what older passengers want and expect and what service operators do. It
was possible to contrast how using the service imposes greater difficulties to older



12 D. Busciantella-Ricci et al.

people given their capabilities reduction. The research then focussed on visualising
and communicating the findings to stakeholders. An Inclusive Service Blueprint was
developed to graphically represent the level of difficulty in using the service by
younger and older people across the door-to-door journey and to highlight areas for
service improvements [16].

Although the research was undertaken in the context of the bus service inMexico,
the approach and outcomes from ISD may be applicable for designing inclusive
services in other contexts around the world.

3.1 An Inclusive Service Blueprint

Within SD there is a broad range of visualisation tools, one of the most valuable
for representing service research is service blueprinting. Service blueprinting is a
method introduced by Shostack [59, 79] and developed by Kingman-Brundage to
visualise service processes [80]. As defined by the Design Council [81] ‘a Service
Blueprint is a detailed visual representation of the total service over time—showing
the user’s journey, all the different touchpoints and channels, as well as the behind
the scenes parts of a service that make it work.

A Service Blueprint is an extremely useful tool for SD [82] because it is more
precise than verbal definitions and less subject tomisinterpretation [79]. Furthermore,
this tool is relatively simple. Its graphical representations are easy to understand
by all stakeholders involved—customers, managers and frontline employees—to
assimilate, utilise and even adapt to meet different necessities according to each
service.

However, an important point of note is that one of the core issues for Service
Blueprints is to put users in the centre of design activities [82, 83].

A typical blueprint seems to under-emphasise that users are diverse and possess
various capabilities, needs anddesires,which present specific challenges to the design
of services. This potential gap in service blueprinting encouraged the development
of an Inclusive Service Blueprint [16] that considered the needs of a broader range
of users and provided a sense of inclusiveness to this tool.

According to [16] developing, an Inclusive Service Blueprint aims to accomplish
the following objectives:

• To visualise and communicate the differences in using a service for different group
of users, for instance, younger and older people,

• To help in demonstrating visually how the gap between personal abilities and
environmental demands become wider for older people.

• To provide a means for contrasting the ideal service and the younger and older
user experience within the existing service.

• To detect and visualise the points of interaction associated with higher level of
difficulty, particularly for older users; and therefore to provide a set of priorities
for designing a more inclusive bus service,
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• To visually represent that by addressing older people’s needs in improving the
service, the needs of younger people might be considered as well.

The Inclusive Service Blueprint was devised considering the typical format of a
blueprint, including the onstage and backstage divided by the visibility line. It can
be seen from Fig. 1 that backstage retained exactly the same components of a typical
blueprint: invisible contact, employee actions, line of internal interaction and support
processes (Fig. 2).

However, two adaptationswere applied to the onstage. First, the section of physical
evidence was removed from the top and integrated in the same section of touchpoints
and staff activities. Second and more significant, the line of interaction was used to
represent the level of difficulty in using the service by younger and older people, and
the gap between what users need and what service organisations do (Fig. 3).

It is essential to mention that while this Inclusive Service Blueprint represents
a bus service in Mexico, it can be applied to analyse and design inclusive services
in many other contexts such as healthcare, tourism, finance, and of course, digital
services.

4 The Service Ergonomics Concept

In this chapter, we argue about how SD applied to health and addressed to a popu-
lation—or to a specific population such as the elderly users—bring an innovative
paradigm in design creating a societal inclusive change.

In this context, the Inclusive Service Blueprint can be used to analyse the implica-
tions that older users may have in different contexts and environments such as taking
a bus. These relations are not always taking into considerations as people are working
as researchers in a mechanism to look in a specific detail such as a design output, a
chair (e.g. of the bus), or the IoT connection to pay the ticket in the bus (e.g. contact-
less service), without thinking the entire system behind and the critical constraints
that can interact with this system. As a consequence, people are not working in a
multidisciplinary context with a multidisciplinary team. But they are looking to a
specific micro-area without wondering if this is a subsystem of a system such as, for
instance, the entire actions flow for the elderly users in taking the bus. They are not
even wondering if the entire mechanism of the system is working. And this creates
consequences for the users that are part of this system.

The Service Design Blueprint can solve this issue creating a better understanding
of the criticalities that older users can have during a task such as taking a bus.
However, sometimes, it is considered just as a SD tool, and it is not seen as a ‘service
system’ tool addressed by SD researchers. In this chapter, we aim to describe how
SD can be used by a multidisciplinary team with different backgrounds to foster
innovation in research that, even if applied to older users, can be extended to the
entire population of a service system.
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Fig. 2 Inclusive service blueprint: a portion above the visibility line

We argue that SD can be seen as an ‘ergonomic system’ that is already part of a
research project, which, however, is not always being considered or is latent. This
system can sustain the entire system of the research work that can involve different
actors. Therefore, we can say that this system is a sustainable system that creates
sustainability in every design process also addressed to a technology, an action or a
task using a service.

As we asserted at the beginning of this chapter, IoTs are services that for instance
can be used to connect smart devices with users such as the elderly (e.g. smart
clothing) [84]. But, this can be considered a limited way to see SD in older users’
context. SD as an ‘ergonomic system’ is able to create sustainable systems that can
study the relationship between the human needs and other systems or subsystems. In
some way, it is considered as an ergonomic system that can understand, visualise and
interpret the human needs and their relationship with system and subsystem. This can
be translated in a new way to foster innovation in design for/in Ergonomics where
we frame the concept of ‘Service Ergonomics’ as an Ergonomics domain engaged
in studying the relationship between the service system and the human needs. This
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Fig. 3 Inclusive service blueprint: a portion below the visibility line

should be a field of studywhere design is considered as a strategic driver for inclusive
innovations.

In other words, Service Ergonomics:

• uses HCD as a strategy (cf. [85–88]);
• concerns a service system perspective [89–91];
• refers to Ergonomics 4.0 [92, 93];
• adopts the ISD approach.
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5 Discussion

Through this chapter, we proposed to use SD as a strategy to reach inclusive innova-
tions. SD was presented as a discipline to be also applied with inclusive approaches
such as the four categories that describe the relationships between Design for Inclu-
sion and SD. Also, the ISD approach has been presented as particularly useful to
find inclusive solutions by taking advantages from Ergonomics, ID and SD through
a holistic approach. In this context, the Inclusive Service Blueprint tool has been
presented through applications in the bus transportation systems with a study that
focused on elderly users. Finally, we presented the Service Ergonomics concept with
the aim to frame all those reflections under a common domain driven by a holistic,
systemic and inclusive approach.

Firstly, the design of IoT services and systems for HCD applied to elderly health-
care can take advantage of the SDdiscipline and theDesign for Inclusion approach by
considering at least one of the categories that we presented in paragraph 2. According
to this perspective, designing services for elderly users mean considering the users’
diversities and needs as creative instruments to find solutions for as many users as
possible like in the Design for Inclusion philosophy. In this perspective, the ISD
approach is an innovative and consolidated approach that can be useful to apply
this philosophy for designing services for all. The ISD approach highlights how
inclusive innovations can be reached through the design of services. ISD may help
designers, researchers and ergonomists in addressing challenges in the healthcare
system through both a SD and an inclusive perspective. Therefore, it is useful for
applicationswith elderly users in the healthcare systemby considering IoT as services
to be designed with a truly inclusive human-centred approach. At the same time,
within the ISD domain, the Inclusive Service Blueprint is a tool that can be used
in every stage of the design process to understand, define, improve and deliver a
service where the elderly journey is the focus of the service experience. The Inclu-
sive Service Blueprint may also help to find inclusive solutions from the analysis
of these experiences. IoTs designed with the help of the Inclusive Service Blueprint
can facilitate the identification of inclusive solutions that are exploitable for as many
users as possible—elderly included. About the application of this tool in the health-
care system, even if service blueprinting shares some similarities with tools that
generally consider the user journey—such as the patient journey map [94–100]—the
Inclusive Service Blueprint allows creating a detailed visual representation of the
service over time from a holistic/systemic perspective. Furthermore, the Inclusive
Service Blueprint focuses on the diversity of characteristics and abilities of all those
who participate in the service—patients and staff—and therefore on their inclusion.
From a design perspective, it also complements well with other SD tools such as
the stakeholder map [68, 101] to ensure the participation of all stakeholders, and it
might be more comprehensive than a care pathway to get stakeholders’ feedback.

In this perspective, the needs of the elderly, the patients, and the staff, as users that
participate in the whole service may be used as creative drivers to identify inclusive
service experiences and support the creation of inclusive service systems. Also, this
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is how the healthcare service system can take advantage of a design for service
inclusion paradigm.

Finally, the Service Ergonomics concept has been introduced for the first time as a
domain where HCD as a strategy, the service system perspective, the Ergonomics 4.0
and the ISD approach converge under a unique domain. Service Ergonomics fosters
inclusive innovations by studying the relationship between the service system and the
human needs and by adopting Ergonomics and design in the field of the services as
systems to be designed. Service Ergonomics describes the complexity of the service
system through the service experience of the users. This new Ergonomics domain
encourages inclusive innovations throughdesign. If applied to the healthcare systems,
it can potentially transform the practices of designing for specific users—such as the
elderly—to the design of a healthcare system where elderly is an active part of the
whole population of the service system. At the same time, Service Ergonomics is
the field of study that allows to consider the design of IoT products in terms of
services and systems where elderly, patients (such as in the case of the healthcare
system), staff and families of the patients may interact in the whole service system
and participate to the design (or redesign) of the service by giving inputs and feedback
and by co-creating opportunities like in a real human-centred and open system.

Regarding the Service Ergonomics concept and the ISD approach, the increase
of the applications and further research and development experiences represent both
the limits and future works in this field of study. The ISD approach is a promising
approach that will be also useful to consider the renewed global interests on big
challenges such as social inequalities, climate changes and healthcare conditions.
Even if this approach is finding quite new experimentations, further occasions to
research and develop related tools such as the Inclusive Service Blueprint are needed.

The Service Ergonomics concept has been coined here for the first time as a new
Ergonomics domain. Therefore, the search for theoretical frameworks, cases, and
empirical research activities is required.

6 Conclusion

In conclusion, Service Ergonomics serves as an orientation perspective to find ways
to exploit the design thinking culture in order to design inclusive innovations. This is
evenmore crucialwhere complexities come fromelderly needs and the design context
is the healthcare system. If IoTs are recognised as services, Service Ergonomics can
be adopted as a perspective to understand what are those new services to address
elderly needs in the healthcare system by IoT solutions. Also, adopting a Service
Ergonomics perspective increases the chances to find inclusive innovations from the
elderly to the whole population needs. It means exploiting the focus on the elderly
needs as a creative stimulus to find service solutions for all. Practically, in designing
IoTs for elderly in the healthcare system, the Service Ergonomics perspective can
favour the use of approaches such as the ISD and tools such as the Inclusive Service
Blueprint. Therefore, through this chapter, we emphasised:
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• the relationship between SD and Design for Inclusion;
• the relevance on using the ISD approach;
• the Service Ergonomics perspective.

These three macro-contents should be considered by designers and researchers
engaged in designing IoTs for elderly in the healthcare system. If not, IoTswill remain
products that only will focus on specific users (such as a sample of elderly users with
very specific needs) by creating stigmatisation, losing the chance to address system
complexity and decreasing the possibility to create solutions that work for several
needs and markets. By coining the term ‘Service Ergonomics’, we also followed
the idea that an IoT solution studied around the elderly people’s needs can ethically
and sustainably work in complex systems such as the healthcare system. And this
is why we considered the need to describe the Service Ergonomics concept in the
fourth paragraph. However, we also consider that the limits of this work should
be also addressed for comprehensively understanding and describing the Service
Ergonomics perspective as a way that ensures inclusive innovations through design
for services.
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Human-Centered Design for Older
Users: A Design Methodology
for the Development of Smart Devices
and Systems Related to Health Care

Silvia Imbesi

Abstract Considering the current aging society and innovation brought by the
Internet of Things, it is important to design and develop new innovative smart solu-
tions using available technologies and design research knowledge, in order to allow
older people to be as autonomous as possible, improving their quality of life. The
design of smart devices and systems, following a human-centered approach and
addressed to older users with particular needs, can be developed following an inno-
vative re-designedmethodological process aiming to reduce the project’s complexity
and maximize its level of usability. The suggested methodological strategy divides
the iterative design process in several design cycles, where every cycle is composed
of the stages of planning, analyzing, creating, and verifying. The PASSO project is
reported as practical example of the experimented methodological strategy.

Keywords Human-Centered Design · Design methodologies · Older users · Smart
Systems · Smart Devices · Internet of Things · PASSO project

1 Introduction

The aging trend affecting populations of most of developed countries all over the
world has consolidated in recent years, creating a growing attention to the conse-
quences and implications of this demographic trend.Although the problems afflicting
an aging population have been studied for a long time [1], it is in the last few years that
international entities or institutions such as the World Health Organization (WHO)
have asked for attention to this change taking place. Particularly, WHO published
in 2015 the “World Report on Aging and Health” introducing the concept of “active
aging” and emphasizing the importance of health promotion and diseases prevention
throughout life, especially in old age, as effective strategies to face the aging trend
[2].
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One of the obvious negative consequences pending on public systems is the fore-
seeable increase in public spending in the fields of welfare and health care, due to the
increase of older people no longer self-sufficient and in need of medical assistance.

To mitigate these effects, health promotion and primary prevention measures are
needed to maintain and increase abilities of the elderly in daily activities. Constancy
in physical exercise and the presence of stimuli that provide emotional andmotivation
are the prerequisites for healthy aging, as well as a social involvement of the person
[3].

2 Older Users and the Internet of Things

Typically, aging is associated with a physical and cognitive decline, bringing changes
that would require some adaptations to the person’s daily habits and environment in
order to facilitate everyday life. Critical events that could incur or the slow loss of
personal abilities may lead to a significant loss of autonomy and to the necessity of
satisfying new growing needs regarding both the emotional and functional fields.

In light of previous considerations, it is important to design and develop new
innovative solutions using available technologies and design research knowledge,
in order to ensure elderly people an adequate health care allowing them to be as
autonomous as possible and involved in social life [4].

The Internet of Things (IoT) is a novel paradigm consisting in the pervasive
presence around us of a variety of “things” as objects and devices, able to interact
and cooperate with each other andwith the user, to improve her/his daily life’s quality
[5].

In the context of aging populations, domotics, assisted living, e-health, and tele-
medicine are just some possible applications of the pervasive role that IoT is actually
gaining in our lives.

The connection between common objects linked to a system and the ability to
read and interpret the user’s behaviors allows the intelligent system to collect data
and to exchange information with the person. These elements can improve the level
of comfort, security, care, and usability of objects and environments related to the
elderly [6].

In detail, some possible applications of the Iot in the healthcare sector that could
bring advantage to older people are related to technologies for tracking, for identifica-
tion and authentication, for data collection, and for sensing [7]. Tracking technologies
aim to identify the person inmotion; this can be done in real-time positioning tracking
or in correspondence of important locations in the environment. Identification and
authentication is usually related to the satisfaction of requirements of security proce-
dures and safety issues. Automatic data collection and transfer is often used to reduce
processing time and increase data accuracy, integrating data from different sources
and creating network possibilities. Sensing enables the possibility of collection of
real-time information on the user’s health parameters, with the consequent possibility
of monitoring at distance for medical purposes [6].
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IoT seems to be crucial in healthcare applications addressed to aging users, with
great potentialities to have an impact even on other categories of people directly or
indirectly related to them.

Currently, computing is related to computer-based systems which are usually
embedded in the person’s daily environment and can be accessed everywhere (ubiq-
uitous); information and communication technology is a great part of ubiquitous
computing [8]. These instruments seem to be very effective in developing services
for older people, because of their ability of providing accessibility to healthcare
providers, e.g., to check some aspects of the person’s health status.

Developing smart systems addressed to older people facilitates them in daily
activities maintaining autonomy and avoiding risks. Ubiquitous computing allows
the automation of performeddaily activities due to the removal ofmotor and cognitive
barriers and the addition of facilities provided by innovative technologies related to
the IoT [9].

One of the main issues in the design of IoT to products, services, and processes is
the development of communication instruments able to facilitate the interaction by
using a natural language and natural shapes. An easy interaction is strictly related to
the usability and accessibility of every project: Specifically, in the design of smart
systems, a good interaction design allows users to take advantage from new technolo-
gies related to the IoT, even if they are affected from limitations related to disabilities,
social status, or ignorance [10].

3 Human-Centered Design and Usability

In light of the previous considerations, one of the key aspects in designing for aging
people is the attention to project aspects related to usability where the user’s point
of view plays a determinant role [11].

For a large amount of older users, technology is perceived as difficult and chal-
lenging when not specifically conceived for them as final users of the developed
devices or systems. Usually, problems are related to a project’s lack of usability
that implies difficulties for the elderly in learning and operating, making the person
frustrated in using the developed design solutions [12].

Hence, in addition to functional aspects, it is fundamental to conceive systems
able to adapt themselves to people’s needs, requirements, and expectations. Thus,
designing smart devices and systems considering primarily technological aspects
and functional requirements, as the traditional machine-centered approach suggests,
is no longer effective when the design is addressed to the elderly [13].

In the described perspective, it becomes necessary to shift from a machine-
centered to a human-centered approach, giving a special focus to issues concerning
the user’s abilities and capabilities and preferences related to the specific context.
Generally, devices and environments are conceived for users without disabilities
and impairments, but there are some niche categories of people who have to face
physical or cognitive limitations and to ask for personal assistance to support their
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daily routines. Older people are a growing group of users belonging to this category,
presenting special requirements related to the decline of some physical functions and
mental abilities.

Limitations coming through aging can be partially offset by the use of human-
centered technologies able to improve people’s quality of life by establishing a
correspondence between users’ needs and project’s requirements [14].

According to international standards [15], human-centereddesign (HCD) suggests
a design process that considers and involves users since the early stages of the
research, investigating their psychophysical characteristics andbehaviors during their
daily routine in the primary environment, in order to define main needs and diffi-
culties in achieving several goals [16]. In this perspective, multidisciplinary project
teams are expected to plan processes including older users’ voices in order to improve
projects usability through the application of inclusive design methodologies.

4 PASSO Project’s Methodology

This paper describes a human-centered process applied by the author to the ongoing
design research project called Parkinson’s Smart Sensory-cues for Older-users
(PASSO). This project develops a system providing sensory cues to train the walk
of older people affected by Parkinson’s disease (PD) [17], a disease causing impair-
ments that often impact on functional independence, well-being, and health-related
quality of life [18].

The aim of this design research project is to create a wearable gait rehabilitation
solution by integrating smart glasses and earphones into a smartphone-based gait
monitoring system. That should allow health professionals to elaborate personally
tailored rehabilitation programs adaptable on individual patients’ sensory prefer-
ences, cognitive aspects, and medical knowledge. Specifically, the system provides
visual and vibratory cues by smart glasses and auditory cues by earphones [19].

The PASSOproject, as said before, followed aHCDapproach. The author, starting
from existing models [20], elaborated an improved HCD design methodology which
shown to be very effective in complex design processes keeping in consideration both
qualitative factors related to people and quantitative factors related to technologies.

The process has been divided in several iterative design cycles, each one composed
of four stages [21]. In the PASSO project, the traditional stages have been renamed
as plan, analyze, verify, and create (Fig. 1).

In the following part of the chapter, the author will explain the applied method-
ology without being too specific on the current project, but keeping it as general
guidelines, adaptable to other design research projects.
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Fig. 1 Schematization of thePASSOproject. Smart devices submit smart cues for gait rehabilitation
to older users affected by Parkinson’s disease

4.1 Stage 1: Planning

The first stage of each cycle was the planning one: in this first part of the project are
taken important decisions about strategies to be used in the whole design process.

4.1.1 Multidisciplinary Team Composition

It is fundamental to define which abilities should be included in the team in order to
gain the project success. The right mix of competences allows the research project
to be effective and usable, giving a valid answer to specific needs addressed to aging
people, usually related to the improvement of autonomy in daily activities.

In this project, as in most ones regarding the design of smart devices and systems,
three main groups of professionals were recognized as fundamental in relation to set
objectives and process development.

• Designers (user research, usability, HCD methodology, interaction design,
product design, visual design, etc.);

• Technical operators (biomedical engineering, computer science and technology,
informatics, etc.);

• Medical operators (neurology, physiatry, physiotherapy, geriatrics, etc.).

Depending on the project resources, it is possible to enlarge the team including
specialists on specific fields. These professionals can workwith themultidisciplinary
team for the whole process or be consulted for specific technical parts of the project.
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4.1.2 Project Plan Development

The project plan reflects the approach chosen for the whole project, in this case
the HCD one. It helps defining strategies and objectives for the work development,
setting deliverables and communication between the team and stakeholders and,
finally, helps in the evaluation of human and non-human resources.

The main aim of the project plan is the definition of the project to be developed
and the choice of activities to be included in the design process due to their usefulness
in the satisfaction of older users’ needs. In this phase, it starts even the setting of the
project goals, defined as measurable objectives [22].

Besides, it is important to set project invariants related to available technologies,
budget, professionals’ skills, etc.

Every time an aim has been set, it is important to specify how the team will
unambiguously verify the achievement of this objective.

4.1.3 Choice of Users

The users that need to be chosen belong to three categories: primary users, secondary
users, and stakeholders [23].

Primary users are a niche category of elderly (usually affected by a specific
problem in carrying out a specific activity) that are going to personally use the smart
devices and/or the system app. They must be considered as final users, and their lack
of satisfaction can invalidate the project’s results.

Secondary users are people who will take advantage from the project even if
it is not addressed to them. Some typical examples are the person’s relatives and
caregivers helped by a system improving the final user’s independence or doctors and
healthcare professionals taking care of him/her that can obtain much more feedback
on daily routine and health status.

Stakeholders are not strictly related to the use of the device but have interest in its
success for other reasons. Someexamples are decisionmakers of the public healthcare
system that could obtain a decrease of public expenses improving autonomy and
quality of life of aging people; companies realizing the developed smart devices that
need to have feasible products accepted by costumers; research institutions using
this research project’s results for other aims, etc. [24].

4.2 Stage 2: Analyzing

In this second phase, the multidisciplinary team analyzes users and technologies in
order to set objectives and constraints regarding qualitative and quantitative project
aspects.
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4.2.1 Users Analysis

The multidisciplinary team needs to know more about primary users, secondary
users, and stakeholders.

Primary users could havedifficulties in being concentrated on this kindof activities
for a long amount of time, so it would be desirable not to bother them with boring
texts and difficult tasks, but to elaborate flexible activities that can be modify and
adapted to the specific older person basing on his/her reactions.

Some of the HCD tools can be suitable for the applications in the field of aging
people. Individual general interviews and contextual interviews demonstrated to be
one of themost efficient tools for the users’ analysis of a project for aging people [25].
General interviews allow to build the project scenario, describing the person’s habits,
environment, predisposition to use innovative technologies, etc., while contextual
interviews are related to the smart device, or service, or system, that is going to be
designed in the research project, and aim to get feedback on existing technologies, or
to evaluate the development of new ones [26]. Focus groups are recommended only
if involving few people and for a short time. Activities like card sorting, heuristic
evaluation, and usability tests should be submitted only to users able to face these
activities in a serene way.

The final output of the users’ analysis is the elaboration of the list of needs
expressed by the different users considered within the project process [11].

4.2.2 Technologies Analysis

Considering the design of a device belonging to an existing typology of products, it
is useful to make a benchmarking analysis to evaluate positive and negative aspects
of similar devices developed with available technologies, possibly matching them
with the list of users’ needs, in order to evaluate which requirements is able to satisfy
each design aspect [27]. At this stage, it is important to evaluate also which are
innovative technologies that can be used in the project, considering the amount of
human, economical, and technological effort they request.

The analysis of technologies aims to set the project’s invariants that will
considerably influence the process development.

4.3 Stage 3: Creating

Starting from information collected from the previous stages, in this phase are
developed design and technological solutions to be tested in the next step of the
process.
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4.3.1 Design Solutions

Developed design solutions aim to satisfy most significant users’ needs, which have
been selected and hierarchized by the whole multidisciplinary team and some users,
in order to include different points of view and interests in the choice of the project
requirements.

Co-design is successfully used in HCD design processes, because it allows
designers to work with users, having a contribution in making prototypes of possible
simple solutions that will be the starting point of a more complex project [28].

Every designer and each design process need to have a specific creating strategy
correlated to the ongoing research project. Available HCD design tools are a huge
number, but they must be selected considering the team abilities, the project’s
resources, the potential involvement of older users, the research project’s output
(device, service, system, etc.).

4.3.2 Technological Solutions

The development of feasible technological solutions is fundamental for the project’s
success. Technological innovation is strongly related to design opportunities and
can determinate design choices’ value. Technology determinates design boundaries
giving project invariants and available resources, but at the same time, choices
related to design can suggest new ways of developing innovation, creating, e.g.,
new typologies of products [10].

At this step of the process, it can also be useful to set a list ofmeasurable parameters
connected to possible technological solutions, in order to evaluate in a secondmoment
how effective and functional are the elaborated ideas, making a scientific comparison
possible by evaluating significant measurable parameters.

4.3.3 Prototyping

The prototyping phase finalized the creating phase, matching design and technical
solutions for the development of a device, a service or a system. Prototypes are
not only a tool to make the project accessible for the multidisciplinary team and
users, but are a real tool to work on possible different solutions and to compare their
effectiveness [29].

It is also possible to prototype only some parts of the projects, just to deepen a
specific aspect or to find solution to a critical issue.

Co-design workshops can be very useful at this stage to make prototypes a tool
of work for users and team.
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4.4 Stage 4: Verifying

In the last part of the HCD process, developed solutions are evaluated both from a
qualitative and from a quantitative point of view. This final step will be the starting
point for the following design cycle.

4.4.1 Testing with Users

The multidisciplinary team needs to set protocols in order to verify if the project
satisfies selected human and technological requirements. This phase aims to collect
data on older users’ performance and personal feedback.

The testing protocols need to set a path, context conditions, parameters that need
to be collected and how to collect them, how to prepare the user and what to commu-
nicate him/her on the incoming tests, what to ask him/her in order to get his/her
feedback, etc. [30].

Particular attention should be given to the choice of participants to the set experi-
mentation: In order not to bother people with physical and cognitive impairments, it
should be evaluated a short and flexible protocol that can be modified at the moment
maintaining coherence with other patients’ trials.

4.4.2 Quantitative and Qualitative Evaluations

Quantitative and qualitative collected data are analyzed in order to evaluate if the
submitted tests gave a satisfactory functional and human feedback.

There are actually many HCD tools that can be useful to represent and compare
the previous stage’s outputs, and for a correct choice of them, it is fundamental to
evaluate previously which are the performing areas the team wants to focus on.

An instrument that was considered very useful in the hierarchization of different
aspects is quality function deployment (QFD), a tool that collects in a matrix users’
needs and device/system’s measurable characteristics, in order to express a degree
of correlation between them [31]. The QFD results help the multidisciplinary team
to understand which are needs whose satisfaction will particularly boost the whole
project and which characteristics implementations can lead to needs satisfaction [32]

4.4.3 Plan Implementation

Quantitative and qualitative evaluations are compared and discussed by the multidis-
ciplinary team to decide which considerations will be the starting point of next HCD
cycle. In this phase, it is important to remember the general project’s objectives and
chose a low number of statements and considerations as results of the current cycle.



34 S. Imbesi

This choice will make it easier, in a second moment, to merge outputs deriving from
the different HCD cycles.

4.5 Iterative Process

The cited fourHCDstages can be iteratively repeated several times, due to complexity
of the project and to the design elements of the whole design project.

The HCD cycles can be in linear relationship, that is when every cycle is conse-
quent to a previous one, using its only output as input; otherwise, cycle can have
multiple correlations, that is, when a cycle is consequent to several previous ones,
needing the output of several cycles as input.

In the PASSO project were identified four HCD design cycles: it was decided
to start with the design of sensory cues, than the results of this cycle were used as
starting point for two of the following the cycles that are the one for the design of
smart devices for the submission of sensory cues and the one defining rehabilitation
elements and protocols. Finally, the last cycle, dedicated to the development of the
whole rehabilitation system, used as inputs both the results of the two previous ones
(Fig. 2).

Making this kind of methodological abstraction is useful in order to have a large
vision of the process, to understand which are the most important information we

Fig. 2 Schematization of the four stages identified as HCD iterative process components. The
stages that will be analyzed in the following paragraphs are plan, analyze, verify, and create. These
steps can be repeated in the design process multiple times, as the project development suggests
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Fig. 3 Schematization of the four cycles used for the development of the PASSO project: design
of sensory cues, devices, rehabilitation protocols, and rehabilitation system

need to have to continue the project, and to be consistent and coherent with the
established project goals (Fig. 3).

5 Conclusions

The PASSO project has been used as an example to show themethodological strategy
of a design research project developing a smart system for the implementation of
older users’ autonomy by rehabilitating their gait. Its design process was divided
into four HCD cycles, each one developing an element of the project: sensory cues,
smart devices, rehabilitation protocols, and rehabilitation system. Every cycle was
organized into four stages: plan, analyze, create, and verify.

The experimented HCD methodology has proven to be effective in reducing the
complexity of this multidisciplinary design process involving both human aspects
related to quality and technological aspects related to quantity that are usually difficult
to compare. It also optimized the interrelation between constraints deriving from
technological characteristics and requirements resulting from the users’ analysis.

The contribution given by the design discipline in this kind of applied research
projects aims to increase the accessibility to technology, but also the level of
autonomy that every older user can achieve.

This approach seems to be applicable in other different kinds of design research
projects addressed to elderly with particular needs, giving an innovative contribution
to HCD methodologies as a managing tool to collect and combine data to evaluate
and choose design solutions.
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Aging and Interaction: Designing
for Active Living Experiences

Alessandro Pollini, Gian Andrea Giacobone, and Michele Zannoni

Abstract Over the last century, the life expectancy of the worldwide population
has been increasing due to significant improvements in housing and healthcare. As a
result, the number of older people in the worldwide population will continue to grow
rapidly. Considering this, the concept of active living is an important strategy that
can enhance healthy lifestyles by staying mentally, socially and physically active
during aging. In this concept, digital technology can be a great tool that can help
people to pursue those benefits. However, it seems that older people are particularly
susceptible to the negative effects of technology directly caused by poorly designed
products and user interfaces. For these reasons, this paper wants to discuss age-
related changes and characteristics that usually impact the user experience, in order
to delineate background information of those problems and then propose design
methods and practices that can help designers to develop accessible and age-friendly
products and interfaces. We use the concept of active living to verify if and how
the existing products on the market are fostering the values of an active lifestyle,
promoting independence, empowerment, self-esteem and self-efficacy. We conclude
by exploring newconceptual andmethodological design guidelines through scenario-
based design for inspiring future research in this field.
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1 Introduction

Population is gradually agingwith a global life expectancy that has increased bymore
than 6 years between 2000 and2019, from66.8 years in 2000 to 73.4 years in 2019 [1].
This phenomenon is coupled with a dramatic gap involving low-income countries,
where life expectancy is 16 years lower than for people in high-income countries.
Life expectancy, quality of life, and equitable access to information technologies do
represent in our perspective intertwining assets of healthy aging and active living.

As the population ages, important questions are coming into view [2]:How might
we better support seniors to lead active and independent lives in their homes, commu-
nities, and neighborhoods? Can we make services and products for seniors easy to
use and navigate?

Ergonomics and interaction design for elderly people has been widely addressed
at the theoretical andmethodological level [3–5]; at the cognitive level, with an exten-
sive production of reviews of the changes that agingmakes to the human factors [6–9]
and at the exploratory and research level dealing with projects on novel interaction
paradigms and multiple devices [10]. The benefits of staying mentally, socially, and
physically active as we age are well known [11]. Digital technology can help with
that. But everything changes when products and services thought for the elderly are
poorly designed, especially since interacting with a computer is no longer about
sitting in front of a desktop. Computers have become deeply engrained in nearly
every activity of everyday life: “We carry them, wear them, and may even have them
implanted within us” [12]. And it seems paradoxical how older adults can be partic-
ularly susceptible to the ill effects of unusable digital devices and user interfaces.
While older people have not grown up with technology in the way that today’s chil-
dren have, most have had significant experience with it in their working lives and,
later, in their personal lives [13].

Much of the research on age and technology use has been conducted from the
perspective of usability, user experience, accessibility, and adoption. Such research
projects are concerned with measures like frequency of use, performance, efficiency,
and accuracy [14–18]. In particular, several researches suggest that many older adults
have difficulty using contemporary consumer products due to their complexity both
in terms of functionality and interface design [19].

This chapter focuses on the experiential nature of the interaction with digital
technology for aging population. As other interaction design and human factors’
specialists [2], we would like to continue to explore what are the characteristics of
product design for the elderly and to understand how to enhance user experience for
older adults. In particular the authors will focus on a purposeful and well thought-
through design approach, shaped by participatory, user-centered, and critical design
traditions.

Even though the authors refer to designing interactions for elderly people, this
should not be taken as implying a uniform “elderly people” group [20]. Because of
the great heterogeneity of individual traits and diversity of life experiences according
to the onset and progression of aging, the “older” group is the least uniform of the
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developmental stages. Age-related declines in cognitive and sensory-motor function
occur slowly and at varying intensities from individual to individual. In other words,
compared to the younger population, variability in older adults is significantly larger
[21–23].

The definition of older people is now replaced by more articulated concepts,
such as primary aging (the changes due to aging, without becoming ill), secondary
aging (characterized by the onset of chronic diseases, which affect the individual’s
adaptation to the environment), and tertiary aging (the period immediately preceding
the term of existence, characterized by a rapid decline of the skills of the individual)
[11]. From the point of view of an interaction designer, it is not age itself that is the
issue but some of the effects of aging such as reduced vision, reduced manipulative
ability, decreased autonomy, and cognitive effects that lead to declines in memory,
reasoning ability, and speed of learning as well as the psychological correlates, like
loss of self-efficacy.

Thus, in order to design for older people, it became relevant that designers
empathize and sensitize themselves to the realities of elderly people [24], especially
regarding what does “active living” mean for them and how they could establish and
maintain “active living.” This involves studying the literature on aging and active
living; developing a vision on what is the main design scope; and understanding the
rationale behind successful products and their design for older users. The objective
of the chapter is to define a critical work on the domain and to propose a possible
theoretical and methodological framework to support design studies and practices
for the benefit of older people.

We will at first investigate active living as a concept with its own peculiar psycho-
logical aspects. Those factors will be then adopted as evaluation criteria to review the
design of current products for older people. Last section of the chapter will provide
support for an holistic approach to active living that would encompass the purely
functional approach to design.Active livingwill be in fact validated through scenario-
based design [25, 26] and will allow us to identify conceptual and methodological
design guidelines for inspiring future research in this field.

2 Active Living Concept

2.1 Active Living in the Literature

The World Health Organization defines active aging [27] as “the process of opti-
mizing opportunities for health, participation, and security in order to enhance quality
of life as people age including those who are frail, disabled, and in need of care.” As
a policy framework, active aging allows people to realize their potential for physical,
social, and mental well-being throughout the life course and to participate in society.
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The state of well-being is amultifaceted phenomenon that refers to an individual’s
subjective feelings, and exploring perspectives of older adults on aging well is devel-
oping to be an important area of research [28]. Even though “active aging,” “suc-
cessful aging,” “healthy aging,” “positive aging,” “productive aging,” and—in rela-
tion to technology—“silver surfing,” are just a few of the terms in use for naming
this field [29]. Aging well is conceptualized using different contemporary theoretical
frameworks in the last decades, including healthy aging, positive aging, productive
aging, active aging, and successful aging [30].

This chapterwill focus on themultidimensional approach and subjective definition
to active living. In the last 50 years, the importance of understanding the needs and
wishes of older people has been extensively treated [31]. In considering planning
for quality long-term care for older persons, Lawton defined the concept of quality
of life (QoL) as “the multidimensional evaluation, by both intrapersonal and social-
normative criteria, of the person-environment system of the individual” [32, 33]
aiming at the improvement of older people in daily life activities and individual well-
being [33–35]. Among QoL indicators, there are autonomy, comfort, relationship,
and security.

The state of well-being is a multifaceted phenomenon in the older population
which generally involves happiness, self-contentment, satisfying social relationships,
and autonomy [36]. The sense of well-being refers to an individual’s feelings, in
this case, based on how older persons perceive the concept of well-being. The term
“subjectivewell-being” is frequently used and strongly characterized by the interplay
between individual characteristics and qualities of people’s social environment [37].

We are proposing, in line with the “good aging” definition, a multidimensional
concept, which is based on the meaningful integration of five main elements: (a)
healthy nutrition, (b) daily physical exercise, (c) regular cognitive and mental activ-
ities, (d) maintaining social contacts inside and outside the family, and (e) keeping
an active interest in society.

Such elements are tightly interwoven since maintaining good physical health and
functioning plays an important role in facilitating mobility and enables older adults
to perform more integrated functional tasks which include activities of daily living,
fulfilment of social roles, and recreational activities. Furthermore good cognitive
health is linked to social connectedness, independence, and life activities, and itmight
be preserved and enhanced by maintaining an intellectually engaged and physically
active lifestyle [28, 38].

2.2 The Active Living Concept

The active living concept, which we propose, has been investigated from both a
scientific literature and a user research perspective in the international research
project RESILIEN-T, Technology driven self-management for building resilience
among people with early stage cognitive impairment, funded under AAL2018 that
is currently being carried out in Italy, The Netherlands, Switzerland, and Canada
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(RESILIEN-T) on aging and resilience. We hypothesize that crucial psychological
aspects need to be taken into account to shape a meaningfully rich active living
definition that does integrate factors such as cognition, functioning, and physical
action.

In particular, we want to highlight the need for older people to dynamically re-
frame their condition and capabilities over time: they need to be aware of, and also
to accept, the personal conditions that they are making experience of, in terms of
autonomy, use of tools, personal care, and self-management.

For people, active living may be defined as living an active and meaningful life,
in order to be able to maintain independence and self-efficacy in daily activities. By
optimizing opportunities for participation in paths of health, safety, and socialization,
which improves the quality of life and implements the potentials for physical and
mental well-being [11]. Functional and objective conditions of people need to be
considered in combination with their intimate and subjective experience, since the
ability to act into the world is equally important to trust and self-esteem, acceptance,
and wish to share personal needs, limits, and abilities. Therefore, as designers, rather
than aiming to develop “innovative technologies that serve well-defined purposes”
such as “optimal health and independence” [39], the approach that we will take is in
line with the “resourceful aging” framework [10, 40] which focuses on empowering
older people to age resourcefully.

We identified the following factors asmain dimensions of older people experience:
(a) empowerment, (b) perceived self-efficacy, and (c) autonomy.

2.2.1 Empowerment

The notion of empowerment [41] is foundational in our approach since it does repre-
sent the overall scope of an intervention. The empowerment is a multidimensional
concept constituted by several components including supporting older people to keep
their current levels of mental functioning; by preventing possible decay in cognitive
and social skills; by coping with adverse events and negative experiences; and by
exploiting latent resources [11]. That is why, in order to empower older people to live
independently, designers should make sure that older people can adapt and configure
devices according to their personal circumstances in a way that their independence
can be supported and be constantly renegotiated [10, 42]. Renegotiation of self-image
may support the idea of iterative empowerment pathways as structured, organized,
and goal-oriented paths for a healthy population integrating multiple levels of skill
support.

2.2.2 Perceived Self-efficacy

Self-efficacy can be defined as a personal judgment of “how well one can execute
courses of action required to deal with prospective situations” [43] and of own capa-
bilities to produce designated level of performance. Perception of self-efficacy results
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froma reciprocal interaction between interpersonal factors, behavior, and the external
environment. Self-efficacy is considered both as a predictor and as an outcome of
social and physical interaction. Staying active is reportedly connected to self-efficacy
since it implies good physical functioning and the ability to autonomously reach a
goal. In general, individuals with high perceived self-efficacy are determined and
show more effort across a broader range of tasks than people with a lower level of
self-efficacy.

2.2.3 Autonomy

Staying independent was viewed as a major characteristic of aging well. Beyond the
participants’ living status (alone orwith family), the importance of being independent
was connected with the autonomous status of the older adults. A major concern
that was frequently mentioned in the RESILIEN-T user research was not being or
becoming a burden to others. In particular, along with the interactive discussions in
all groups, target users involved in the user research reflected on the necessity of
staying independent in performing their daily life activities including both personal
and instrumental activities.

We have used the active living dimensions to verify if and how the existing
products on the market are fostering the values of an active lifestyle, promoting
independence, empowerment, self-esteem, and self-efficacy.

3 Products for Elderly People: The-State-of-the-Art

On the basis of the above considerations, the phenomenon of the aging popula-
tion leads to many important social changes that are highlighting the necessity of
finding new design solutions to support older people in living longer and healthier in
their homes, communities, and neighborhoods. In this perspective, rapid advances in
technology are contributing to enhance the concept of active living since the devel-
opment of assistive environments have the opportunity to offer a series of benefits
that can increase the older people’s quality of life according to cognitive, physical,
and relational factors.

The Internet of Things and the development of recent technologies, such as
sensor networks,Artificial Intelligence, andMachineLearning algorithms, have great
chances to improve the self-independence, autonomy, and participation in social life
and skills of the elderly. In particular, these systems may be able to collect and
integrate qualitative and quantitative data frommultiple sources, and may extend the
interactionmodalities by utilizing tracking of daily routines and targeted suggestions,
reminders, or activities.

Unfortunately, nowadays, many products and services that are already available
on the market do not fully satisfy such requirements because they can only partially
cover the active living, or even demonstrate one single function. Moreover, these
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products often put end-users in a conditionwhere they have no option but to passively
undergo the operation of technology [42]. On the contrary, as examined before, the
concept of active living lays on the multidimensionality of different human necessi-
ties, which, if well supported, are able to increase the quality of the elderly’s health
and independence.

For this reason, this section focuses on seven specific case studies because they
share common characteristics—for instance all of them are screen-based multifunc-
tional systems for senior care—that are capable of empowering older people under
the concept of active living, specifically investigating particular interactions that can
match with their main necessities and capabilities. The analyzed products are Pillo
Health, ElliQ, Lumin, Compaan, GrandCare, Claris Continuum, and Cutii.1

The main products’ characteristics are focused on health monitoring, telepresence,
physical and cognitive training, and many other services that enable older people to
keep themselves autonomous, active, healthy, and socially connected.

We might state that the projects that have been analysed in this research, even
though not providing comprehensive and rich Active Living scenarios, do implement
some of the concept components, by focusing on empowerment, perceived self-
efficacy or autonomy. The four factors that help to understand each project are: how
the product take care of their users beyond the mere functional aspect of health
monitoring; how they help users to stay connected with their relatives or friends;
how the system is proactive in stimulating the users to stay healthy and active during
the day; how the system is able to friendly dialog with their user and create a social
bond with them through its natural interactions (Table 1).

3.1 Characteristics of the Products

All products are characterized by a tablet-based digital application, but only Lumin,
Compaan, GrandCare, and Claris Continuum specifically refer their morpho-
logical aspects to the size of that device, while Pillo Health, ElliQ, and Cutii are
interactive objects that integrate the tablet in their physical products. Referring to the
form of those products, Pillo Health has the peculiarity to incorporate in its morpho-
logical aspect a medical dispenser that can be activated with its digital service. The
peculiarity of ElliQ is a physical element incorporated in the tabletop product that
abstractly simulates a human bust, to which the system uses to dynamically interact
with the elderly as an artificial companion. Cutii, instead, acts as a companion robot
that has the ability to navigate autonomously around the older people’s domestic
environment.

1 For more information see: Pillo Health https://pillohealth.com/; ElliQ https://elliq.com/;
Lumin https://mylumin.org; Compaan https://www.uwcompaan.nl/; GrandCare https://www.gra
ndcare.com/; Claris Continuum https://www.clarishealthcare.com/; Cutii https://www.cutii.io/en/
(accessed August 3th 2021).

https://pillohealth.com/
https://elliq.com/
https://mylumin.org
https://www.uwcompaan.nl/
https://www.grandcare.com/
https://www.clarishealthcare.com/
https://www.cutii.io/en/
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While Lumin, ElliQ, and Cutti are intended for recreational and social uses,
Pillo Heath, Compaan, GrandCare, and Claris Continuum are devices designed
for medical purposes as well. In fact, those products are able to monitor some vital
signs and biometric parameters, such as blood pressure, heart rate, glucose, weight,
or breath, that can be useful for the older people, and also for formal or informal
caregiving, to control chronic diseases or prevent future health issues. In particular,
those products can increase their functionalities by allowing other external medical
devices to be connected with their digital services in order to increase the elderly’s
monitoring of health conditions. All products enable visual interactions, but ElliQ,
Pillo Heath, and Cutti are the only artifacts that make the dialog with their users
more natural by using voice interaction. Again, to empathize with that interaction
model and mimic human behaviors, these products utilize anthropomorphic aspects
as well, which express nonverbal signals. In fact, to communicate with older people,
ElliQ simulates human body language through the motion of its artificial human bust
while Pillo Health and Cutti use facial expressions.

3.2 Analysis of the Products

The methodology used to analyze the products avoids to creating detailed bench-
marking by only examining the mere functional features of the case studies. Rather,
it focuses on many interaction aspects that, when harmonized in a consistent and
goal-oriented design, may increase the active living’s user experience and allow the
older users empowerment, the perceived self-efficacy, and the autonomy. Recurring
interaction patterns among the case studies allowed the analysis to identify four
design themes that trace new reflections to enrich studies and practices in this field.
The four design themes are: (1) personal care, (2) social interaction, (3) coaching,
and (4) identity and role.

• Personal Care

Personal care helps the elderly to live healthier and longer becausemonitoring a series
of health parameters or performing activities that maintain an active lifestyle permit
them to prolong their physical, social, and mental well-being over time. Consid-
ering this, all examined products, especially Compaan, GrandCare, and Claris
Continuum, have high monitoring accuracy. However, the technical and analytical
data representation refers only to a passive and quantitative analysis of the elderly’s
health conditionswithout offering additional advice from a qualitative perspective. In
that case, product perception decreases the feeling of autonomy because the service
may run the risk of considering the elderly as patients rather than independent people
giving full control of the system to technology. This is because the products force
their users to follow their pre-setting options based on reminders or alert messages
that omit any willingness of choice. For this reason, the result is a passive scenario
in which the elderly are perceived as passive entities who are constantly at risk and,
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thus, continuously in need of help. Indeed, older people’s independence becomes
affected by the decisions of their informal or formal caregivers who are in charge
of control of their health condition through a dedicated dashboard as available on
Compaan,GrandCare, and Claris Continuum. That consequence may be stressed
by GrandCare because it offers activity monitoring features that could make users
feel constantly under surveillance.

The same issue on passive interaction appears on the elderly self-management.
All artifacts provide a calendar for scheduling their own activities, though they focus
mostly on managing health or medical reminders, which, in turn, transform the
service into amedical experiencewhere users are perceived as passive entities.More-
over, this condition is empathized by the absence of engaging recreational activities
or social activities. In fact, all products provide only default applications already
installed on the system, which offer information and service provision without a
proper interactivity, i.e., reading a weather forecast, reading a journal newspaper, or
listening to radio music.

Again, all the products encourage personal care by providing mnemonic games or
physical exercises for supporting older people to keep their current levels of mental
and physical functioning. However, the activities present poor engagement because
they are delivered through basic video tutorials or virtual games embedded in the
tablet application.

Although it does not provide any monitoring service, Cutii is the only system
that offers human interaction by allowing older people to perform physical or cogni-
tive exercises with some animators who propose to them ludic, cultural, or fitness
activities in real time via video call. None of the products considers nutrition as a
qualitative value for caregiving as reported in the definition of good aging.

Finally, although the products can manage monitoring of a single person—
or multiple users such as Pillo Health, Compaan, GrandCare, and Claris
Continuum—they provide a single caregiving experience. Therefore, none of these
projects incentive a participatory and shared use of the service as could happen for
an elderly couple, for example.

Social Connection

Social connection is an important value of active living because it permits older
people to be socially included by enabling them to sustain relationships with their
family or friends over time. The quality of social connection depends on the way an
individual remains connected to the others [44]. For this reason, the analysis reports
that all products give attention to social connection by giving people the ability to
connect themselves with relatives or friends through their digital interfaces.

However, althoughmaintaining people socially active is satisfied froma functional
perspective, delivering qualitatively social interactions is always limited to video
calls, text messages, emails, or sharing multimedia files. Moreover, Pillo Health,
GrandCare, and Claris Continuum overshadow social connection because it is
perceived as an additional functionality of the caregiving service. Considering this,
none of the products suggest a level of interactivity able to stimulate meaningful
rich social interactions, inside or outside of the domestic environment, or cultivate



50 A. Pollini et al.

contextual, endure relationships with their family or friends. In addition, all prod-
ucts tend to provide remote communication rather than creating an experience that
stimulates relationships in presence.

Coaching

Coaching is a powerful element to empower people in increasing their health and
well-being by periodically stimulating them with new challenging goals to accom-
plish or particular suggestions that encourage interests toward new other recreational
activities. This theme can be supported by giving the products a proactive approach
that is able to engage the elderly in personalized activities, encourage good behaviors
or interests in new hobbies, limiting, at the same time, sedentary lifestyle, or poor
care of one’s own health or well-being.

However, only ElliQ and Cutii provide such technology. Apart from those prod-
ucts, none of the other services takes advantage of that technology because they only
collect data to set up notifications only for medical reminders or health issues based
on a statistical prediction on the elderly’s health conditions. In addition, those prod-
ucts encourage physical activity only by providing health exercise plans, without the
intent proactively motivating users with personalized tips or suggestions. Moreover,
GrandCare does not offer a proper quality of coaching as the motivations it sends
to the users are perceived as assignments instead of recommended activities. In that
way, the product may affect the elderly’s self-independence because the motivational
advice may be perceived as an obligation rather than an invitation.

The most advanced level of proactivity is provided by ElliQ, which is the only
product that encourages physical and cognitive activities based not only on moni-
toring the elderly’s vital signs but also on their daily behaviors or routines. In addition,
compared to the others that focus only on health and fitness, ElliQ is the only system
that promotes recreational and ludic activities. However, proactivity currently refers
only to passive actions such as listening to music based on the elderly’s perceived
mood (it uses facial recognition). The same happens to Cutii, which uses its proac-
tivity only to change facial expression according to the elderly facial recognition.
Considering this, none of the products offers active support in cultivating interests
in recreational activities, such as a personal hobby or passion. Again, all products
do not provide proactive interactions that promote recreational activities outside the
domestic environment.

Identity and Role

As reported in the literature [45], designing, not only usable and intuitive functions,
but also morphological and interactive elements that stimulate human emotions, are
key tenets to successful product development. Using human morphology can help
products to increase the level of acceptance of new technologies or trust and reliability
in particular interactive systems. Moreover, those elements confer to the artifact an
identity and a precise role—for our case as a caregiver assistant or companion—
within the elderly’s everyday life.

However, Lumin, Compaan, GrandCare, and Claris Continuum do not offer
any meaningful element of interaction that emotionally engages with users. On the
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contrary, they show an aseptic user experience since the interactions with the system
are mediated by a visual interface on a tablet screen that acts as a mere commu-
nication bridge between the users and those who take care of them. Instead, Pillo
Health, ElliQ, and Cutii are able to play on the elderly’s emotional aspects because
they try acting as a digital companion during the caregiving experience. In fact, the
ability of the products transforms the products into actor agents [46] that actively
respond to human behaviors. This consequently generates a sense of animism [47]
that confers to the artifact a particular personality and identity. This type of agency
is also supported by the introduction of anthropomorphic elements, such as verbal
dialog and voice control to interact with the elderly. These elements, indeed, can
provide additional benefits to the elderly because they can increase their perceived
sense of self-efficacy since the natural feedback of language helps them to easily
understand the accomplishment of their tasks.

3.3 Discussion of Results Toward Active Living

Most of the examined products support the concept of active living mostly from a
gerontology perspective since the products have great capabilities in health moni-
toring, but they present operational lacks in the social, ludic, and emotional dimen-
sions. In fact, the products offer good qualities of empowerment, but they are focused
mostly on compensating the capabilities of older people rather than creating a system
that really enhances their autonomy, self-independence and self-esteem. Considering
this, coaching is a good opportunity to foster resourceful aging, but, apart fromElliQ,
all the products focusmainlyon taking care of the elderly’s health parameters,missing
the chance of stimulating qualitative aspects of their lives such as promoting new
hobbies, social activities, or cultivating their own passions.

From the user experience perspective, the products delimitate the interaction with
the elderly to a tablet touch screen. Only Pillo Health, ElliQ, and Cutii assume
a physical identity that imitates human behaviors to elicit emotional interaction.
Due to the use of voice control, they increase the elderly’s sense of autonomy and
self-efficacy as the natural interaction of verbal dialog makes communication more
intuitive.

Finally, all the products relegate their functionalities only to the domestic envi-
ronment, consequently limiting the chance to enrich the quality of the active living
experience in a wider space of social interaction. However, all products offer good
functionalities to support the elderly in aging well, which in turn can be consid-
ered a scaffold for developing future generations of interactive systems based on the
concept of active living.

The state-of-the-art analysis allows us to focus on the development of a conceptual
and methodological framework to design for older people. There might be several
approaches to ideate services and interactions for elderly people. The majority of
the existing products follow a proper functional approach, where the design defines
features and functions, such as the calendar, the video call, and the cognitive exercises.
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On the contrary, we would promote the centrality of the design of the human expe-
rience, by means of scenario-based design describing motivations, attitudes, sense
making, and individual and social activities for supporting goal-directed action.

Furthermore,most products in the present analysis foster the capability of reading,
understanding, and interpreting quantitative data as key to human activity. In fact a
common strategy of the analyzed products is to enhance motivation through data,
trends and statistics provision, as well as medical reminders, and assignments and
exercises’ plans. According to this perspective, motivation is thought to have arisen
on the basis of stimuli coming from quantitative measures, such as frequency or data
logging. Also we are interested in exploring how to support people in creating their
own meaning from information, how motivation can be fostered even on the basis
of subjective variability and how it can be possible to promote human contact and
social exchange.

4 Rethinking Active Living: An Holistic Approach
to the Elderly Experience

For a better understanding of the active living concept and a contribution at the
methodological level, the envisioning scenarios and the user personaswhich stemmed
out from the RESILIEN-T user research have been presented in the following
paragraph.

During the early stages of the design process, the scenarios are used to understand
how personas will take advantage of the designed solution to carry out their tasks.
One of the most important conditions when we design is to start from real users, and
personas and scenarios represent useful tools to build models of their experience. In
particular, the personas consist in a detailed description of a potential user. It allows
us to clarify needs, objectives, characteristics, context of use, and so on. Moreover
personas are useful to describe subjective variables such as skills, typical activities,
concrete motivations, and objective aspects including why an action is done.

“Scenarios use storytelling to explore design ideas by grounding them in a real
context. Their focus is on the relationship between people and the designed product
or service, their objectives, the context, and potential social implications.” [48]. In
other words, scenarios refer to interaction stories used as representative cases of
real situations. The purpose of a scenario is to express in detail a situation and to
document the actions performed by users point by point. We propose the envisioning
scenarios to imagine the characteristics of the future experience of the users, as it
will be transformed by the adoption of a novel interactive system.

In the envisioning scenarios, the only interactive and functional features of the
systemmay be caught.We propose the user personas and the envisioning scenarios to
describe the active living experience as might be supported by the interactive system
that is currently under ideation in the RESILIEN-T.
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4.1 Active Living Scenarios and Personas

Persona 1: Elizabeth—The autonomous patient
“What I enjoy the most is being with others, it’s just wonderful!”

Themes: Memory, Mobility, Social Relations.

User Profile: Elizabeth is 74 years old and lives alone since her husband passed
away a few years ago. Nevertheless Beth is a determined and dynamic woman. She
is constantly on the move. Beth handles all her daily activities, such as grocery
shopping and housework. She is also very active in the social field. She likes to do
things for others, like getting groceries for her neighbors. When she gets out, she
prefers towalk, but in case of necessity she uses a bus, which is another opportunity to
socialize! She has no relevant age-related physical problem but she recently noticed
that her memory is getting worse. She loves meeting up with her friends, especially
to play bridge. Once a month, she goes to the theater. Elizabeth is quite capable with
technology. She uses a tablet to search for online recipes and to consult the theater’s
program. She also uses a smartphone to communicate with her family.

Envisioning Scenario: Beth does not want to give up, she wants to maintain her
independence, so she starts using the RESILIEN-T system. Beth has filled in her full
profile into the system, including her interests, contacts, and recurring meetings.

Beth heard that tomorrowevening therewill be a performance and sets the appoint-
ment on the calendar. The system checks the events organized in town and compares
the collected data with those recorded by Elizabeth. The system detects a gap among
data: a similar event will take place in two days. So it offers further information on
the theater program and asks her: “Are you sure your event is correct? Do you want to
check?”. The RESILIEN-T also suggests to book the ticket and to invite her friends,
so she calls Adele and Grace, and then, she buys tickets for everyone. On the day of
the performance, the system asks questions related to mobility in order to stimulate
Beth to plan the activity: “How will you reach the theater?” “Do you want to take
pictures during the show to create a memento of this evening?”.

When she gets home, the system asks how the soiree went and it proposes to Eliz-
abeth to create a “memento” of the evening by adding photos, videos, and personal
notes, in order to populate her own digital album of memories.

Persona 2: James and Margaret—The affectionate couple

“Travelling keeps us young and alive!”

Themes: Self-esteem, Support, Technology.

Users’ Profile: James andMargaretMurphy are a very close couple. James is 68 years
old andMargaret is 65. They love to travel and have visited many places, particularly
SouthAmerica. They are planning a trip toVietnamnext summer. James andMargaret
have been married for 30 years and they have two grown-up children, Robert and
Melanie, who do not live close to them. Despite the distance, they use Skype and
other social networks to communicate with each other.
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Margaret is starting to have some memory problems. For example, she started
forgetting to bring the keys,when leaving home. James tries to support and to reassure
his wife. James and Margaret are familiar with technology: they use smartphones
and tablets to plan their trips and to keep updated. They say that they learn something
new every day! They are very grateful for what life has given them and love their
home, family, and friends. James and Margaret want to spend the rest of their lives
together.

Envisioning Scenario: Margaret and James continue to divide the household
tasks. Today, they have decided to split the responsibilities: Margaret will get
groceries. The system helps Margaret to plan her activity and at the same time stim-
ulating her cognitive activity. “Which of these foods do you have to buy?” “Where
do you prefer to buy these foods?” showing the nearby shops on the map. Once
the shopping list is completed and she has decided the itinerary, Margaret goes out.
James continues to propose new activities to Margaret. In the afternoon they will go
for a walk in the park. Since Margaret wears RESILIEN-T’s smartwatch, the system
monitors and collects data about her physical activity.

Persona 3: Giorgio—The proud patient

“I like to spend time on my own!”

Themes: Nutrition, Autonomy, Physical Activity.

User Profile: Giorgio is 78 years old and used to live alone after getting divorced in
2001. Until his retirement 5 years ago, he was an important lawyer. He has always
been proud and charismaticman, and he rejects the idea of getting old. Giorgio appre-
ciates loneliness, and he prefers to spend his days painting, reading, and listening to
music. He has a few friends who visit him occasionally. Giorgio has one daughter,
Sarah, who lives a few kilometers away from him. He usually goes out close to home
or when his daughter Sarah picks him up by car to take a ride.

Giorgio is not interested in technology. His daughter gave him a mobile phone
that he uses to communicate with his family. He has been living with diabetes since
2016. He is overweight, and he leads a sedentary life. Moreover, he does not follow a
healthy diet, and this would also increase his risk of vascular problems. And as if that
was not enough, he has had problems with his memory. Despite these challenges,
Giorgio wants to maintain his independence and he is convinced he does not need
help.

Envisioning Scenario: Giorgio starts to use the RESILIEN-T system to try to
keep himself active and allow his daughter to get reassured when he is alone at
home.

Sarah synchronized the blood glucosemeasuring systemwith the system. It shows
in real time the data just measured relating to Giorgio’s blood glucose, so that it can
keep a report. In addition, the system supports Giorgio with food recommendations.
The system also tries to encourage Giorgio toward social interactions and to keep
on moving, proposing to him to join the local association of passionate for painting.
“Next Friday there will be an art class, near your home. Are you interested in it?” “On
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21st June will open the exhibition “Edgar Degas: A Strange New Beauty. I thought
you might be interested!”.

Giorgio becomes curious and decides to visit the exhibition. Since we believe that
the active living concept is subjective, in the following paragraph, we will provide a
comprehensive active living validation activity description that has been carried out
in a dedicated research involving the Italian, Swiss, Canadian, and Dutch panels.

4.2 Active Living Scenarios Validation

The user experience validation has allowed us to enter into the details of how to design
for older people and how people would interact with services in order to accomplish
their personal objectives. Eight sessions have been carried out in the RESILIEN-
T project: two sessions for each of the pilot countries of the project, Italy, Canada,
Switzerland, and Netherlands. The research and design methodology proposed in the
project integrates methods and techniques from a broad range of disciplines, from
ethnography and psychology, to user-centered and participatory design.

4.2.1 Validation Methodology

The validation has been made through the validation sessions aiming at active living
concept exploration and finalization by presenting the envisioning scenarios to the
participants in order to start focusing on both older people and formal/ informal
caregivers’ daily life experience and situations. This activity was inspired by story-
telling methodologies and allowed the participants to share personal opinions and
perspectives.

The validation sessions were organized by a storytelling and UX statement
method. The envisioning scenarios have been shown and the stories have been told
to participants in order for them to reflect on their own personal experiences. Each
story has been also disentangled in order to define a UX statement to be used in the
discussion with participants.

The statement cards are an efficient tool to start discussions around experiential
topics. By using scenario-inspired statements, the participants freely discuss the
statement. It aims to trigger participants to react, whether they agree or disagree,
without being the “owner” of the statement. The discussion is meant to lead to the
placing of the statement card as “true” or “false,” and to foster validation of statements
as acceptable and feasible.

As example you have the Elizabeth envision scenario with the statements defined
for Module 1 below:

1. Beth does not want to give up, she wants to maintain her independence, so she
starts using the RESILIEN-T system. Beth has filled in her full profile into the
system, including her interests, contacts, and recurring meetings.
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Statement 1: I think I can also enter the description of my interests and
preferences in the tool and manage a new appointment on the digital calendar.

2. Beth heard that tomorrow evening there will be a performance and sets the
appointment on the calendar. The system checks the events organized in the
town and compares the collected data with those recorded by Elizabeth. The
system detects a gap among data: a similar event will take place in two days.
So it offers further information on the theater program and asks her: “Are you
sure your event is correct? Do you want to check?”.

Statement 2: I believe that a tool for checking my calendar and confirming the
scheduled event, could be useful.

3. The RESILIEN-T also suggests to book the ticket and to invite her friends, so
she calls Adele and Grace and then she buys tickets for everyone. On the day
of the performance, the system asks questions related to mobility in order to
stimulate Beth to plan the activity: “How will you reach the theater?” “Do you
want to take pictures during the show to create a memento of this evening?”.
When she gets home, the system asks how the soiree went and it proposes to
Elizabeth to create a “memento” of the evening by adding photographs, videos,
and personal notes, in order to populate her own digital album of memories.

Statement 3: I believe that a reminder tool for planning my appointments and
sharing my photographs would be valuable and stimulating.

Statement 4: I would like to have a tool that encourages me to relate to others
and cultivate my friendships.

4.2.2 Validation Results

This paragraph describes the validation session results as lived by participants. They
have generally shown interest in RESILIEN-T scenarios and upcoming development
from the project, and all the participants were extremely collaborative, engaged, and
easy going.

Participants have been engaged and stimulated to take part with questions and
proposals and for validating the interactions strategies. The users participated in
a proactive way, proposing interesting ideas on how to improve the service. The
workshopswere useful to understand the real needs of users, theirmotivations, habits,
but above all their concerns and frustrations. Users have positively participated at
the validation of the scenarios, emphasizing the aspects of the project that are most
relevant and useful to them.

The subjective nature of the exploration confirmed some of the assumptions the
researchers had in mind:

• Older people’s attitude toward technology needs to be investigated and verified
through research: they are not necessarily interested in technology and personal
attitude is based on prior experience with technology as well as anxiety or
enthusiasm with digital services and tools;
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• participants to the research largely appreciated to have useful, efficient, and
efficacious aids, in particular for self-management, memory, and planning;

By elaborating the results obtained from the UX Statement, we may re-defined
the active living concept as an experiential notion described as follows:

Active Living Re-defined As An Iterative, Continuous and Empirical Process

Active living is a healthy life to stay fit and cultivate personal hobbies and inter-
ests, like for example cooking, driving, painting, and reading. Active living is also
connectedwith sharing personal interests and personal experiences. Action and inter-
ests go together withmaintaining social relationships and social contacts: negotiating
ideas and values, discussing personal opinions with other people on different topics
is considered essential for a healthy life. Active living does also refer to living in a
couple since older people living with husband or wife quite frequently tighten their
lives together, by helping each other, sharing duties, and taking specific responsibili-
ties over each other. Use of personal and social spaces, proximity and presence of the
others, and overall lifestyle should be also taken into account as part of the concept.

5 Conclusion

There is an existing gapbetween the original visionbehind the products that havebeen
analyzed (see Par. 4) and the reality of how they have been designed or implemented at
service level. And this gap is also reflected in the fact that even though older people
are now surrounded by “beneficial, empowering, and magical new technologies”
[49], many found little everyday advantage or pleasure in using them; they were
ambivalent about ICT, citing it as irrelevant to their everyday.

Sackmann and Winkler make a further distinction between the ‘first-level’ and
‘second-level’ digital divide. The “first-level” divide is the difference in possession
or access, and the “second-level” divide refers to different operational knowledge or
modes of use [50]. The concern is that with such rapid advances in technology, this
divide could result in disadvantage.

Due to the subjective nature of the experience, the diversity of the target, and the
ambivalent approach to technology, an integrated, iterative, participatory, and user-
centered approach is required to fill the gap among ideation and implementation of
solutions. In fact, the design for intuitive use by older people involves understanding
domain-specific prior experience and competence of the user; actual motivation,
values, and scopes, and to design interfaces that project prior and current experience
into a sustainable aging perspective, within the context of the active living.

The methodological proposal explained in Par. 4 follows a user-centered interac-
tion design approach, aiming at properly addressing real target users’ needs, ethical
and cross-cultural dimensions, and at monitoring and validating the psycho-social
impact of the proposed solution. All the involved target groups (elderly people and
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caregivers) are considered to be part of a continuous, iterative, consultative design
process. A participatory design approach ought to be applied aiming at fostering:

• Diverse participation, perspective taking, and inclusive decision-making,
• Mutual learning, discussion of assumptions, and generation of new concepts,
• Iterative actions to achieve a final design of an artifact that answers to the

participants’ requirements and ideas.

For this reason, validation sessions are foundational: in fact “validation aids to
create a common knowledge base among designers, users, and other stakeholders”
about elderly people goals, needs, weaknesses, and expectations. Furthermore, the
validation process could also nurture a positive impact on older people because it
“fosters social interaction and enhances empathic connections between participants”
[51]. In this regard, the suggested design process has a recursive nature and iteratively
embraces these fundamental phases:

• User research and analysis, meaning identifying users’ daily habits, their lifestyle
(nutrition, physical activity, and social relationships),

• Generative and explorative phase, meaning collecting ideas and merge them into
few scenarios and design concept,

• Experimental phase—prototyping and refining concrete mockups of product,
• Evaluation and assessment in validation session: the results are submitted,

discussed, and improved together with the users.
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How to Enhance Elderly Care Products,
Services, and Systems by Means of IoT
Technology and Human-Centered Design
Approach

Filippo Petrocchi

Abstract Nowadays world is characterized by two significant factors: a progres-
sively ageing society and the digitalization process. While the first phenomenon is
mainly due to the ageing of the Baby Boomer generation (those born between 1946
and 1964), as well as to increased longevity and the decrease of birth rate (Aguiar and
Macário in Transp Res Proced 25:4355–4369, 2017 [1]; WHO, 2014 [2]), the digi-
talization process is spreading all over the world thanks to the enormous evolution
of the Internet and Information Communication Technology (Gartner Information
Technology Glossary: Definition of Digitalization, 2021 [3]). The related changes
of these factors can be considered from two perspectives. On the one hand, they
are a harbinger of possibilities and opportunities, but on the other hand, they also
involve a high potential of exclusion, especially for fragile categories, such as elderly
people. In this situation, the role of Human-centered design (HCD) is not only to
design products and services that meet the needs of the elderly, but also to support
an inclusive society where the elderly can actively age and continue their economic,
social, and cultural routines. In particular, this contribution investigates the role of
HCD in leveraging IoT technologies to enhance the elderly care scenario on three
different levels: products, services, and systems. Finally, based on these three levels,
the role of HCD methodology is discussed in relation to the context of elderly care
and IoT technology.

Keywords Human-centered design · Design research · Design methodology ·
IoT · Elderly care

1 Introduction

Nowadays world is characterized by a progressively ageing society. For the first time
in human history, most people can easily reach their sixties and beyond. By 2050,
the world’s population aged 60 years and older will nearly double, from 900 million
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in 2015 (12% of the world population) to an expected total of 2 billion (22% of the
world population). This is also confirmed by the pace of ageing population, which is
mainly due to the ageing of the Baby Boomer generation (those born between 1946
and 1964), as well as to increased longevity and the decline of birth rates [1]. The
situation is worsened by the fact that ageing is not equally widespread. For example,
the percentage of French elderly people has doubled from 7 to 14% in more than
100 years, while in Brazil and China the same growth is expected to be reached in
less than 25 years [2].

In addition to this ageing population process, another factor to consider is the digi-
talization process, which, according to Gartner Information Technology Glossary, is
the use of digital technologies to change a business model and provide new revenue
and value-producing opportunities [3]. This disruptive phenomenon permeates at all
levels of society, and elderly care is certainly not an exception. Thanks to the recent
development of Information and Communication Technology (ICT) and the Internet
of Things (IoT), there are new possibilities to face and solve elderly issues.

The combination of ageing society, digitalization, and IoT technology can be seen
all over the world, and it comes with challenges and opportunities.

For instance, a challenge might be the fact that, in the future, the potential number
of people needing hospital services will raise, resulting in overcrowded hospital
facilities [4].

Furthermore, by 2030, more than 60% of the Baby Boomer generation will likely
face at least one chronic condition.Consequently,managing these chronic conditions,
alongwith a patient’s level of disability, will increase the financial demands on health
care systems [5].

Together with challenges, there are also new opportunities of business for those
companies that can understand this large-scale demographic shift and embrace
emerging opportunities in advance [6].

Possible strategies to address elderly care issues have already been proposed
by several international authorities. The World Health Organization has promoted
the Global strategy and action plan on ageing and health [7], aiming collecting
evidence-based actions, maximizing functionality and, by 2020, establishing the
evidence and partnerships required to support the Decade of Healthy ageing from
2020 to 2030. Specifically, the strategy focuses on five key objectives: commitment
to action on healthy ageing in every country; developing age-friendly environments;
aligning health systems to the needs of older populations; developing sustainable
and equitable systems for providing long-term care and improving healthy ageing
measurement, monitoring, and research.

On a similar direction, the European Commission has co-financed the Active and
Assisted living programme [8], which has the purpose to create a better quality of
life for older people in the digital world and to strengthen industrial opportunities in
the field of healthy ageing technology and innovation.

In line with the WHO and the European Commission’s actions, technology can
be considered as a lever to enhance every health service guiding the transition from
the current health care system to a digital health care, which is also referred to as
e-health [9].
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Nevertheless, while Information technology seems to be the ideal tool to guide
the transition to e-health, there are still too many elderly people who can’t use it,
causing a significant underutilization. As a result, many seniors miss the opportunity
to enhance their quality of life by means of Internet-based service delivery [10].

Furthermore, even though the IoT field is characterized by great innovation and
development, the adoption of elderly care services is quite limited. This low adop-
tion rate is mainly related to a design which is too much focused on technological
development and lacks social and human comprehension. Hence, there is a mismatch
between users’ expectations and available services [11].

To recap, if we consider ageing society, digitalization, related challenges and
opportunities, international policies and technology acceptance of elderly people in
ICT, we can assume that HCD is a promising field to facilitate the users’ comprehen-
sion and effectively foster the transition from current society to a more ageing and
inclusive one. The aim of this contribution is to analyze several cases on different
levels of design, highlighting and discussing the impact that HCD approach can have
in the elderly care scenario.

2 Human-Centered Design

Created as an alternative to purely technology-driven innovation, Human-centered
design is a multidisciplinary innovation process, based on user involvement at all
stages of the process.

In contrast with the technological approach, the HCD considers the user not only
as a passive consumer that buys products, but also as an active participant whose
behaviours, goals, and needs are implemented at all phases of the process [12].

Focussing on elderly care, Design research has largely accepted the challenge of
products and services for older people. In the last decade, the number of research
and projects focussing on seniors and their assistance and monitoring has constantly
increased [13].

Furthermore, according to Donald Norman, one of the most important experts of
Human-centered design, design for elderly people is not only an interesting sector
for research but also a promising sector for designers for three reasons: it is a growing
market, due to demographic transition; it is populated by wealthy people; these users
are willing to invest money in products and services that can enhance their quality
of life [14].

3 Case Studies

Given the constant growth of HCD applications in the field of elderly care, this article
underlines the validity of HCDmethodology and its scalability. Therefore, the author
has conducted in-depth research focussing on HCD projects specifically designed
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Fig. 1 Sketch of BUDDY,
one of the two assistive
robots for elderly, developed
for ACCRA project

for elderly care and with the implementation of IoT technology. For each project,
benefits and methodologies are analyzed and presented based on three different
levels: products, services, and systems.

3.1 Product Level—ACCRA

On the product level, one interesting project is ACCRA.1 ACCRA, an acronym
which stands for Agile Co-creation of Robots for Ageing, is a project funded by
program Horizon H2020_EU.3.1.4, with an overall budget of 1 999 711,25e within
a timeframe from 1st December 2016 to 31st March 2020.

Contextualized between Europe and Japan, the project is an advanced ICT robot
specifically designed to enhance elderly daily routines and to extend autonomous
ageing in a safe and healthy way.

Both in Europe and in Japan, seniors prefer to age at home rather than moving
to specialized facilities. However, while their stay at home can be seen as a positive
factor, because it means that they are autonomous, on the other hand it represents
a risky situation for several reasons. One of the most important is that poor health,
cognitive impairment, fragility, and social exclusion lead to negative consequences
not only for seniors’ independence and quality of life, but also for their caregivers,
as well as for the sustainability of health care systems.

This is the reason why ACCRA is a promising solution: it focuses on building
solutions to support older people in their ordinary daily life. In particular, the project
led to the creation of two robots, ASTRO and BUDDY (Fig. 1). While ASTRO
was an assistive smart robotic platform dedicated to movement at home and within
the residential environment, BUDDY was a small-size robot designed as a home
companion.

1 More information at https://www.accra-project.org/en/sample-page/.

https://www.accra-project.org/en/sample-page/
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Fig. 2 Graphic representation of LIFE methodology in four steps: listen, innovate, field-test, and
evaluate

For both robots, an innovative methodology was adopted. The name of the
approach is LIFE (Fig. 2), an acronym that stands for the four phases represented in
the picture below: Listen, Innovate, Field-test, and Evaluate.

Listen identifies needs and robotic capabilities through in-depth interviews with
older adults and with formal and informal caregivers. Innovate is characterized by an
agile co-creative circle made of co-design, testing, development, and quality check.
Agile Pre-experiment tests the robotic solutions in a real-life context with a larger
group of end users and gathers data to further develop the AI algorithms in the robot.
The final phase, Evaluate, is characterized by several sub-steps: an assessment of
the robot value both in real-life and in an experimental setup; an investigation of its
potential market through amarket survey; a sustainable assessment of what is needed
for sustainable entry market implementation on multiple domains.

According to Antonio Kung, CEO of Trialog and coordinator of ACCRA project,
the basic operations and capabilities are easy to be provided, but the robot’s cost
remains high for a standard consumer. The project highlighted the need to further
develop the range of capabilities of the product and it will pave theway to the creation
of future robots for an ageing population. Furthermore, another important outcome
of LIFE methodology is that it will enhance the creation of robots not only in the
field of ageing population, but also in any kind of future robots with an integrated
human factor.

3.2 Service Level—Carr(e)ers Rally Case Study (Autonom’
Lab)

“Carr(e)ers” Rally2 is a project that aims to improve the quality of home services
delivered to elderly or disabled people. The overall objective of Carr(e)ers is an
experimental service-event to allow people interested in elderly care professions
to discover them through role-playing workshops and discussion with experienced

2 More info at https://87.rallyedelaidealapersonne.fr/accueil.html.

https://87.rallyedelaidealapersonne.fr/accueil.html
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Fig. 3 Graphic representation of living lab methodology phases

professionals. The innovative feature of this project was the use of IoT granted by
partners who were involved in the planning of online and offline workshops and
presentations about home-help sector.

For the creation of this project, a Human-centered design, FORM IT method-
ology, was used [15]. This methodology consists of three main phases: Exploration,
Experimentation, and Evaluation (Fig. 3).

Exploration analyzes the current context andhypothesizes possible “future states”.
Experimentation involves the decision of a scenario and the development of a testing
phase in real-life cases. Finally, Evaluation is characterized by the assessment of
experiments’ impact, with particular focus on the “current state” and “future states”.

Several methodologies were integrated into this scheme, such as: Design thinking,
Interviews, Visual interviews (Collage), observation/shadowing, Photo journal, User
persona, Brainstorming, Usability workshop.

The results of this project were really encouraging because the participation was
significant. In total, 220 people took part in the project, with the mobilization of 44
partners, 27 of whom proposed a total of 42 actions all over the month of the rally.

The results were mainly positive, with some margin for improvement. In fact,
while participants were really satisfied with the event, employers were not totally
satisfied, because of the low quality of the application received.

3.3 System Level—HABITAT

HABITAT3 is a project financed by Italian region Emilia Romagna PORFESR2014–
2020, aiming to develop an IoT ecosystem to help elderly people who prefer ageing
in their own place. The primary goal is to ensure seniors home assistance in their
routines to prevent possible issues caused by their frail status (Fig. 4).

Another goal is to transform existing elements of the house (radio furniture, alarm)
to keep the house environment safe, help elderly manage their natural cognitive,
physical, and social decline, encourage them to take actions and enrich their daily

3 More info at http://www.eng.habitatproject.info/home.

http://www.eng.habitatproject.info/home
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Fig. 4 The System Layout of HABITAT PROJECT

life with all the possibilities offered by cloud computing. To ensure a high level
of usability, accessibility, and inclusiveness [16], a User-centered Design (UCD)
approach was applied, as shown in the picture below (Fig. 5).

The project consists of five main phases: Research, Definition, Ideation, Design,
and Testing. It started with Research, that is the analysis of users’ goals, needs, and
product features. Afterwards, Definition was implemented to define users’ needs and
their technical correlation (Quality FunctionDeployment, QFD), Technical attributes
and User satisfaction. Ideation was then accomplished by means of a brief, a co-
design workshop, and a concept validation. Finally, a prototype was made in the
Design phase and usability and functional tests were conducted in the final Testing
phase.

The project had several positive results. One of the most important accomplish-
ments is the realization of a family product that ensures a Technology readiness level
(TRL) of 5. A TRL level 5 means that a product should be able to be used and work
properly in a controlled real-life environment and not only in laboratory.

Together with the creation of these products, HABITAT also offered several bene-
fits to Emilia Romagna region, such as: the spread of effective knowledge about
purposes, activities, and final results; the enhancement of the collaboration between
high-technology net laboratories in similar sectors; the improvement of competitive
placements with result sharing.



70 F. Petrocchi

Fig. 5 The HABITAT PROJECT methodology
(image from https://www.researchgate.net/publication/331714340_HABITAT_An_IoT_Solution_
for_Independent_Elderly)

4 Discussion

Due to constant increase of ageing society, a consequent raise of interest has spread
all over the scientific community, also in Design research. Nevertheless, while the
number of projects regarding elderly and elderly care is quite significant, it is not
possible to notice the same situation for methodology description. Even in European
projects, the methodology is rarely described and only in a few cases it is well
presented and described.

Another interesting point to highlight is that only public and European projects
present awell-definedmethodology,while private projects only show thefinal results.
However, it would be beneficial to have some references from the private sector in
the analysis, not only to enhance the discussion, but also to provide a more in-depth
view of the current practice of elderly care IoT projects.

Finally, while the digitalization process is a great harbinger of new opportunities,
it also comes with high possibilities to exclude fragile people that are not particularly
good at technology and changes. This is particularly true in the case of elderly people
that suffer, albeit with some exceptions, from a progressive slowing down of mental,
physical, hearing, and movement abilities. Human-centered design has proven to be
effective to ensure the goals, needs, and behaviors of these fragile people, but in

https://www.researchgate.net/publication/331714340_HABITAT_An_IoT_Solution_for_Independent_Elderly
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many cases the technological approach is still dominant. A possible future point of
investigation could be how to make more feasible HCD projects to promote a more
inclusive and senior-friendly society.

5 Conclusions

With the analysis of the current context, a progressively ageing society, digitaliza-
tion, and the consequent actions by national and international organizations, this
contribution has highlighted the possibilities that Human-centered design can offer
to facilitate innovation in elderly care sector thanks to IoT technology and based
on three levels of implementation. Considering the context and the three cases here
presented, it is possible to highlight the following conclusions:

• The case studies above have shown that Human-centered design approach seems
to be a promising tool to facilitate the integration of elderly needs into the product,
service, and IoT ecosystem.

• HCD is an approach that has the flexibility to be used at all levels: product,
service, and system. At all levels, user needs are taken into account, and they are
implemented through several techniques, such as co-workshops, usability tests,
observations.

• CO-design is a versatile tool that can be effective at all levels: product, service,
system. It is widely used in HCD projects, and this is mainly due to the fact
that it guarantees the integration of users’ feedback at every stage of the project:
from the initial research phase to the concept phase (workshop). Furthermore,
CO-design fosters an emotional and effective connection between the user and
the stakeholder, enhancing the acceptance of the final product.

• All the projects presented aim at leveraging IoT technology to improve elderly
care services and, consequently, elderly life routines.

• IoT Technology is mature enough to be effectively applied to products, services,
and systems that focus on an elderly care scenario.

• IoT solutions are a promising technology to foster the transition from current
elderly care scenario to e-health elderly care, characterized by remote monitoring,
prevention, and digital assistance.

In conclusion, HCD can contribute at multiple levels to foster a transition from
current health care to remote and digital elderly care. In this shift, HCDcan contribute
not only to improve current products, services, and IoT systems, but it can also
enhance, especially throughCo-design, an increased entanglement between users and
the services used. Consequently, a win–win situation is generated for stakeholders
and users: on the one hand, users and others feel more included into the process, on
the other hand, stakeholders are able to reduce the probability of failure. Furthermore,
the openness toward new forms of collaboration between stakeholders, companies,
and users can be used not only as a significant network to acquire knowledge and
test ideas, but also as a form of marketing and advertising.
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Digital Human Modelling: Inclusive
Design and the Ageing Population
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Abstract Digital human modelling (DHM) is a tool that allows humans to be
modelled in three-dimensional CAD. An almost infinite variety of humans can be
modelled and families of so-called manikins can be created to act as virtual user
groups, evaluating the interactions between humans and products, workplaces and
environments. This chapter introduces the concept of DHM, its use of, and reliance
on, anthropometric data from national populations and showcases two exemplar tools
in SAMMIE and IPS IMMA. Case studies are presented that highlight the advan-
tages DHM can bring to understanding the requirements of designing for the ageing
population; covering designing for the ageing workforce, the exploration of transport
accessibility and how users can generate representative manikin families to properly
represent the diversity of people. DHM is demonstrated to be a powerful tool for
practitioners aiming to understand and design for people, including older people
within society.
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1 Introduction

It is widely acknowledged that the global population is ageing. According to the
World Health Organization (WHO), the proportion of the global population over
60 years old will increase from 12 to 22% between 2015 and 2050 [1]. Once, this
was a phenomenon most readily observed in high income countries such as Japan,
who’s population is the oldest in the world and where nearly 30% of their population
is over 65 years old [2]. However, population ageing is now a significant factor
amongst the developing countries [3].

The ageing population is widely reported as a concern for various global socio-
economic factors. Amongst those concerns are the impact of the increase in average
age on the working population, with the expectation that an ageing population results
in many more people working into older age. This will be partly driven by a greater
number of people who are older seeking to remain active, and indeed countries
such as the UK have made it a legal right to keep working beyond state pension
age [4], with similar legislation in the US prohibiting employment discrimination
against those over 40 years [5], and elsewhere. In addition, many companies wish to
retain the skills and experience of older workers [6], this is also combined with the
economic factors of governments raising retirement ages [7] and pension schemes
struggling to fund the number of those retired with a shift in the demographic from
being weighted from those paying into schemes to those drawing upon them. In the
US is it reported that between 2000 and 2016, the number of Americans aged 65 or
over in part or full time employment has increased from 4 million (12.8% of those
aged 65 or over) to 9 million (18.8%) people.

With an ageing population comes the expectation that older people still have
equal access to and ability to use, benefit from and enjoy, products, facilities and
services. One of the ongoing challenges, with this, is that many of these products
and services are designed by younger people for younger people. It is all too common
for those who are older, or who have particular needs or capabilities outside of those
considered to be the norm, to not be considered during the design process. The ageing
population spotlights this fallacy as increasingly older people become the norm in
society. Thankfully, the need to adopt a more holistic approach to the understanding
of user capabilities, behaviours, needs and desires is increasinglywell recognized and
inclusive design, universal design, design for all are now core design approaches. BS
7000–6, (2005) designmanagement systems, the guide tomanaging inclusive design,
define inclusive design as [the] design of mainstream products and/or services that
are accessible to and usable by, people with the widest range of abilities and the
widest range of situations without the need for special adaptation or design [8].
Whilst inclusive design and associated approaches have been inspired by the need
to accommodate people with disabilities, it is important to recognize that human
diversity is much more complex than a binary definition of those who are disabled
and those who are not. Human capability is a spectrum with almost infinite variety
across populations in physical and cognitive abilities. Thus, it can be beneficial to
not focus on the specifics of an individuals’ capabilities but rather to understand
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the barriers faced and the severity of those barriers in accessing a given design. In
research commissioned by Microsoft to explore the impact of accessible computer
technology, the population was defined by the prevalence of difficulties with daily
tasks that may impact on computer use [9]. Their findings identified that 37% of
the population were not likely to encounter difficulties (split between no difficulties
and minimal difficulties), 37% were likely to encounter difficulties (mild) and 25%
were very likely to encounter difficulties (severe). Within this, it was also clearly
identified that ageing plays a significant factor with both the prevalence and severity
of difficulties increasing as people get older.

Ageing is not a disability, however, it is well recognized that as people age,
they typically develop progressive multiple impairments and a decrease in mobility
[10]. Whilst these impairments are often relatively minor, affecting, physical and
cognitive capabilities, when combined can become a disabling factor. In addition,
it should be recognized that poor design can itself be a disabling factor, if it does
not take into account sufficient understanding of human variability in cognitive and
physical performance.

Due to the complexity of understanding and designing for this richness of human
variability, computer-based tools can play a role in supporting the design process.One
particular family of tools has a significant part to play in addressing the challenges
in this area. These tools, known broadly as digital human models (DHMs), are now
typically three-dimensional (3D) computer simulations of humans that can be placed
alongside 3D computer representations of products, workplaces and environments
and the interaction between the two explored [11]. These DHM systems offer the
ability to explore human variability, to gain some understanding of potential barriers,
all whilst a product or environment is in its development phase, where changes can
be rapidly iterated and a more accessible solution found prior to implementation.

The aimof this chapter is to introduceDHMtechnology, outlining howDHMtech-
nologies can aid in addressing the needs of the whole population in particular those
who are older. To achieve this aim, this chapter has the following objectives: to show-
case two exemplar DHM tools; to explore the challenges of modelling humans; to
present different approaches to representing representative users in DHM; to present
three case studies of the use of DHM in areas relevant to the ageing population and
to explore the potential future for this technology.

2 Digital Human Modelling

Digital human modelling and Digital human models, both are abbreviated inter-
changeably to DHM, typically refers to a specific type of 3D computer aided design
(CAD) software [12]. Whilst specific capability of these tools can vary significantly,
they all share the common ability to model humans (Fig. 1). These humans are
typically able to be varied across various factors to replicate the size, shape and
capability of national populations [13]. The human models are highly data driven
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Fig. 1 Examples of DHM

and rely on databases of human characteristics to be able to represent these char-
acteristics, observable in real people, in the digital simulation, in a valid manner.
DHM has increasingly become more sophisticated and widespread in its use since
its inception in the 1960s [14]. Over these decades, there have been many DHM tools
[15], currently, there are a number of popular and more specialized tools available
such as Jack, Safework, Ramsis, Santos, SAMMIE, IPS IMMA,Anybody, CASIMIR
amongst others [16]. Some of these tools are stand alone, able to import data from
other 3D CAD tools, and others are integrated into CAD suites allowing seamless
integration with the design of products and workstations. Whilst the use of DHM
remains relatively niche in comparison with standard 3D CAD, it still sees signifi-
cant levels of use in applications such as the automotive and aerospace industries,
both related to product design and production. Transport is one area of application
where the requirements for a human operator are such that designers are faced with
a complex set of requirements, all of which vary across populations of typical users.
The challenge for the designer is to ensure that as many people as possible are
accommodated across all of this variability. This is what is referred to as multivariate
accommodation and often optimizing one variable compromises another [17]. Seated
operating conditions, where users need to interact with various aspects of a worksta-
tion, from a relatively fixed posture, form a uniquely wicked problem [18]. DHM is
ideally suited to exploring the implications of these types of situations on the human
operator and how the variability of the desired user population can be accommodated
as efficiently as possible.

In most applications, there is a clear focus on physical characteristics of the
human and their interactions: fit, posture, reach, vision, etc., are all common features
of DHM that can be evaluated. In addition, some tools offer biomechanics tools such
that muscle forces can be evaluated to consider whether tasks are possible by human
operators, whether there will be ergonomic issues, or possible risks of injury or long
term musculoskeletal problems [19, 20]. DHM tools can, therefore, be used both
reactively and proactively. Reactively to evaluate an existing design of a product
or workstation or proactively to define some of the key design variables to ensure
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a design is optimized for human use. A major strength of DHM tools is that they
enable, in a proactive manner, the evaluation of human-object interaction of designs
that only exist as CAD models. This is an essential strength due to the fact that
most products and workstations are designed by the use of CAD software. Hence,
DHM tools facilitate the integration of human factorsmatters in contemporary design
processes.

Where DHM is currently less well developed is in the non-physical aspects of
humans or in the ‘softer’ physical domain such as comfort and behaviour. These are
very desirable capabilities, and DHM researchers and developers are continuously
exploring ways in which these aspects can be quantified and simulated. However,
they typically pose even greater challenges than the physical variability in human
populations, so much so, that some of the characteristics do not even have clearly
agreed definitions. For example, comfort is a very desirable characteristic in many
designs, however, what might be comfortable for one person may not be for another,
in addition something may be comfortable for a finite period of time, after which
it becomes uncomfortable. For applications such as seating comfort and modelling
approaches have made significant headway but these remain a challenge [21]. This
highlights one of the benefits and sometimes limitations of DHM, in that its reliance
on data can provide fundamental insights into the needs of users, but equally without
the appropriate data, the tools can also become redundant or force the users of
DHM into using inappropriate data in lieu of anything more appropriate. One of the
main data sources required for DHM tools is body size data or anthropometry [22].
Anthropometric databases underpin the ability for DHM tools to accurately replicate
human body dimensions. However, anthropometric data also have their challenges, to
make it valid you often need very large samples, and these are typically expensive and
very time consuming to collect. As such, suitable anthropometric databases are often
not as available as may be desired. This poses specific challenges for the application
of DHM to older people and ageing populations where data on the characteristics of
older people are rare.

Arguably, all DHM tools exhibit limits to the insight and guidance that can be
provided and there is an expectation that the DHM tool user has some fundamental
knowledge of ergonomics and human factors. Users should always be familiar with
the tasks they are designing for or are evaluating, and preferably drive their modelling
from data obtained first-hand from actual users interacting with the same or similar
products or workstations and performing the same or similar tasks. These data and
associated knowledge should be used to inform posturing and human-object inter-
actions and be used to help interpret human factors results from the tool. It is impor-
tant to remember that DHM tools will generally only provide insights into what is
possible, and potentially, what is likely but will not generally provide insight into
what might be. As such, it is easy to construct evaluations that assume all people act
in a ‘correct’ manner, e.g., ergonomic, safe, etc., when in reality, many are driven by
other factors such as time, minimal energy expenditure and habit. However, when
used appropriately with an understanding of their strengths and weaknesses, DHM
tools can offer fundamental advantages over a purely real-world approach.
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3 Anthropometry and Anthropometric Data

Anthropometric data can usually be divided into either functional (dynamic) dimen-
sions or structural (static) dimensions. Functional dimensions are, for example,
measurements of reach range during an activity. These measurements are gener-
ally for special situations and can be difficult to measure but are often valuable
in the design of products and workplaces. Structural dimensions are measurements
between anatomical (body) landmarks defined for standardizedpostures at rest. These
measurements are relatively easy to measure, but may have limited value in a design
context since they can be too artificial to directly use as input in the design process
[23]. In large ethnic, age and gender separated populations most body measurements
can be considered normally distributed. However, bodyweight andmuscular strength
often show a positively skewed distribution curve [23]. An additional fact is that the
proportions of the human body vary from person to person, e.g., people of average
stature are unlikely to have an average value for all body measurements [23, 24].
The correlation coefficient between different anthropometric measurements can be
analyzed to see how strongly they are connected. Length measurements usually have
high mutual correlation and the same can be seen when analyzing weight, depth
and width measurements. However, in total, body measurements have low correla-
tion dependencies [25, 26]. This fact leads to a reduction in accommodation when
multiple measurements are affecting the design and only a few are incorporated in
the ergonomics evaluation and analysis [24, 27].

Utilizing anthropometric data are often a fundamental part of the process to
achieve good fit between capabilities of humans and design of products or work-
places. However, industry practice for consideration of anthropometric diversity has
shown to sometimes be based on the utilization of rough approaches, containing
misconceptions of average people and inadequate use of percentile based methods
[24, 28–30]. Because humans vary a lot in size and shape, there is a consider-
able uncertainty whether the expected proportion of the target population is actu-
ally covered by the utilization of such rough anthropometric approaches. Robinette
[30] gives examples of serious design flaws caused by improper use of anthropo-
metric data. Bertilsson et al. [31] found that DHM tool-based ergonomics evalua-
tions, and analyses are often done with only two or three manikins, because of the
time consuming process of creating and performing analyses for eachmanikin or due
to the lack of knowledge or availability of efficient and supportive tools and methods
for anthropometric diversity. Hence, it is important to support DHM tool users to
consider anthropometric diversity in an efficient and successful manner.

4 Modelling Representative Users

A central theme in DHM is the way the tool is designed to represent variation within
targeted user groups, e.g., assembly staff, vehicle drivers, etc. The basic argument is
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that humans are different, hence the digital manikins need to be able to represent this
variability. Most likely, there is a need to use more than two or three manikins in the
simulation to ensure good ergonomics and to represent the variety within the targeted
user group in a successful way, at least for most design situations. Guidelines for the
consideration of anthropometric diversity and for how to select relevant test cases,
e.g., manikins for virtual simulation and evaluation, has been presented by Dainoff
et al. [32], and Hanson and Högberg [33] in the form of flowcharts where the type of
cases depends on the design problem at hand. The objective of these guidelines is to
facilitate an appropriate process of handling issues related to anthropometric diver-
sity. In the simplest cases, it can be enough to just consider the smallest and largest
possible future users for one specific anthropometric measurement, utilizing what is
known as the percentile approach. However, in many cases, multiple measurements
are affecting the design and only incorporating a few in the ergonomics evaluation
and analysis can lead to a reduction in accommodation [24, 27].

4.1 Multidimensional Consideration of Anthropometric
Diversity

Several methods have been developed to facilitate much more sophisticated multi-
dimensional consideration of anthropometric diversity in a design process. Most of
these methods are based on one or both of the fundamental methods: boundary case
anddistributed casemethod [32]. These twomethods are inmanyways similar,which
makes it possible to use them simultaneously. The concept is that a confidence region
is defined that bounds an area of a scatter graph. Typically, these scatter graphs plot the
data from a range of users for two or more relevant characteristics (Fig. 2). Boundary
cases are data points located towards the edges of the region, and distributed cases are
points spread throughout the region randomly or by some systematic approach. This
confidence region is typically an ellipse, in two dimensions (i.e. for two measures),
but can become a hyper-ellipsoid when further key dimensions (measures) are added.
The hyper-ellipsoid is scaled based on a desired accommodation level, i.e. to cover
and encapsulate a certain amount of the population [34]. The same principles apply
regardless of the number of selected anthropometric key measurements. The use of
boundary cases is based on the same principle as the identification of extreme users
in the approach of inclusive design, i.e. that evaluations of boundary cases will be
sufficient to meet the demands of the whole population. However, this assumption
might be wrong in some cases and distributed cases can, therefore, also be used to
decrease the risk of missing key areas when using boundary cases [32].

The statistical treatment and mathematical modelling of confidence hyper-
ellipsoids are done under the assumption that the measurement distribution can be
approximated with a normal distribution. However, since this approximation is not
always completely successful in representing real measurement distributions, espe-
cially for certain body measurements in many of today’s populations, it is important,
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Fig. 2 Depiction of boundary cases and confidence ellipsoid enclosing 90% of the multivariate
normal distribution for body weight, stature and sitting height

this can be addressed when seeking to create digital manikins that will represent the
anthropometric diversity of the user population. Different types of transformations
can be applied when handling skewed data in order to make the data more normally
distributed. Transforming skewed distributions when generating confidence ellipses
and boundary cases are appropriate to more accurately consider this type of diver-
sity and correctly describe the shape of the actual skewed distribution (Fig. 3). This
process is further elaborated by Brolin [35].

4.2 Hadrian

Another approach to representing a diverse range of users is to echo real-world
approaches. Designers engaged in development projects often employ personas, to
guide the design direction [36]. These can be entirely fictional but often these are
data driven, representing typical characteristics observed in the user population. By
their definition, they are selective in the characteristics they represent but they are
powerful design tools to focus the activity of the design team. Virtual users within
DHM can be created to act as equivalents to these personas with characteristics that
are both representative but also useful drivers for design activity [37].

In physical data collection or user testing, design teams will sample users based
on representative characteristics. However, practical limitations will normally keep
the sample sizes to manageable numbers. In a similar way, these specific users,
who demonstrate a breadth of diversity on a relevant design characteristic, can be
represented in DHM. This may at first appear very similar to using extremes of the
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Fig. 3 Confidence ellipses and boundary cases for the original body weight data and for the three
transformationmethods, data fromNHANES [12]. Stature (mm) on x-axis andweight (kg) on y-axis

population or even boundary manikins. However, the fundamental difference is that
these are based upon real people who have not been specifically constructed for
the purposes of the modelling. This can be considered as something more than a
persona, each digital human is effectively a digital twin of their real counterpart.
Whilst this will typically mean the most extreme users are not represented, it does
provide a degree of authenticity and the users will be highly diverse as humans are
inherently variable as we have seen earlier. One of the significant advantages of this
approach is one of empathy. Even in a virtual world, designing for a real person is
much more engaging than designing for a statistically derived or by other means
fabricated human model.

An example of this digital twin approach is the HADRIAN database [38]. Human
anthropometric data requirements investigation and analysis (HADRIAN) was the
outcome of research into equality in design and resulted in a rich database of char-
acteristics for more than 100 people, the majority of whom were older or who had
some form of disability (see Table 1). These people collectively form a virtual user
group that can be used in DHM applications.
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Table 1 Data for each individual in the HADRIAN database

Anthropometry (mm) Stature
Weight
Arm length
Upper arm length
Elbow-to-shoulder (link)
Wrist-to-elbow (link)
Abdominal depth (standing)
Abdominal depth (sitting)
Thigh depth (standing)
Thigh depth (sitting)
Knee-to-hip (link)
Ankle-to-knee (link)
Ankle height
Foot length
Sitting height
Sitting shoulder height

Hip-to-shoulder (link)
Chest height
Chest depth
Head height
Eye-to-top-of-head
Buttock-knee length
Knee height
Shoulder breadth
Hip breadth
Hand length
Hand grip length
Wheelchair length
Wheelchair height
Wheelchair width
Wheelchair seat height

Joint constraints (deg) Shoulder extension/flexion
Shoulder abduction/adduction
Upper arm extension/flexion
Upper arm abduction/adduction
Upper arm medial/lateral rotation

Elbow extension/flexion
Elbow pronation/supination
Wrist extension/flexion
Wrist abduction/adduction

Reach range (~100
coordinates mm)

Functional reach volume generated by dominant arm/hand

Somatotype (three digit
number)

Somatotype code based on Sheldon [39]

Task capability (encoded
postures for each task plus
task videos)

Four pick and place tasks (high
shelf, worksurface, oven, low
shelf) with three load types (cup,
bag, tray) each set to maximum
comfortable weight, 1 or 2 hands
as appropriate

Seating: two designs - high and
hard, low and soft; restricted
access to single side (bus), both
sides (toilet cubicle), no
restriction
Ingress/egress: step up/step
down from maximum
comfortable step height, two
handle types, maximum of 4
handle locations

Additional capability Bending to touch toes
Getting up from lying down
Reaching to tie shoelaces
Twisting upper body to left and
right

Peg test (dexterity)
Grip strength
Vision

Transport questionnaire
(question and answer
transcripts and videos)

Transport use (frequency, etc.)
Issues with transport usage
(problems, assistance required,
etc.)
Issues with lifts, steps and
escalators

Issues with environment
(personal safety, etc.)
Issues with signage and
timetables
Local issues

(continued)
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Table 1 (continued)

Background Age
Nationality
Occupation/work history

Handedness
Disability
Front and side photographs

5 Materials and Method

This section presents two typical DHM tools: SAMMIE and IPS IMMA. The tools
are examples of DHM applications in use today, representing a range of capability.
As discussed previously, both tools share many similar characteristics but equally
they demonstrate very different approaches to many key DHM issues. Both tools are
introduced, along with their core capabilities.

5.1 System for Aiding Man–Machine Interaction (SAMMIE)

SAMMIE is aDHMsystemsoftware tool originally developed atNottinghamUniver-
sity, and later at Loughborough University in the UK. SAMMIE was the outcome
from PhD research initiated in 1968 and since that time has been extensively used in
research and consultancy at Loughborough University. In addition, as a commercial
tool [40], SAMMIE is widely used by universities and businesses around the world.
By modern standards, SAMMIE is a relatively simple human model, consisting of
an internal structure formed of 49 links representative of the human skeleton [41].
Each link (bone) has a representative joint constrained by joint movement limits
[42], and an external flesh form constrained by body shape data [39]. SAMMIE’s
form and core capabilities are driven by access to the data discussed earlier. A repre-
sentative human form can be generated based on an inbuilt or otherwise available
dataset of nationality and gender and up to eight anthropometric measurements. At
its simplest, a human model can be constructed as a proportional human from either
a stature measurement (in mm) or a percentile value. Alternatively, every limb can
be customized to create individuals using eight core measurements of stature, sitting
height, sitting shoulder height, buttock-knee length, knee height, arm length, hand
length and shoulder breadth. Thus, models can be created to represent exemplar
values within a national population or a collection of individuals measured for a
specific application.

SAMMIE provides facilities to manipulate the human model through gross
posture, or individual limb movements, constrained to prevent postures that are
not possible. When combined with the data in the HADRIAN database, these joint
constraints can be limited to represent the impact of ageing or specific disabilities.
Through manipulation of the human model and various inbuilt tools, analyses can
be performed of fit, posture, reach and vision.

SAMMIE is a standalone tool and is able to import data from the majority of 3D
CAD software using the common wavefront.obj file format. It also includes a basic
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Fig. 4 Different reach assessment tools in SAMMIE. Finger-tip reach assessment to a touch screen
(left). Reach volume assessment for identification of working envelopes (right)

built in modeller for the construction of simple geometry. Interactions can, thus,
be explored between humans and products or workplaces, largely independently of
whatever CAD tool the user has access to or a model has been constructed in. Up to
100 humans can be created within a singlemodel providing a large degree of freedom
to explore variation within the desired user population and to evaluate interactions
between humans in shared spaces or collaborative tasks.

Once a human model has been created, sized and postured in a representative or
possible posture for a task, a combination of direct reach, e.g., SAMMIE attempts to
reach a specific reach target using a representative grip type or reach areas/volumes
can be generated to understand potential working envelopes (Fig. 4). For visual tasks,
SAMMIE can provide a humans’ view representing what that human would be able
to see form their eye point(s) in a specific posture (Fig. 5 left). In addition, volumetric
projections can be produced either unconstrained as vision cones or constrained to

Fig. 5 Visual assessment tools in SAMMIE.Humans viewprovides a view from the humanmodel’s
eye (s) (left). Volumetric projections allow the volume of space visible through a window or via a
mirror to be visualized (right)
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represent the volume of space visible through a window or via a mirror (Fig. 5 right).
Through a combination visualization, qualitative and quantitative capabilities and
tools, insights can be gained as to the accommodation of a product or workplace.

5.2 Industrial Path Solutions—Intelligent Moving Manikins
(IPS IMMA)

IPS IMMA is a DHM tool developed in close cooperation between academia and
industry in Sweden. The development of IMMAwas initiated from the vehicle indus-
tries’ need of an effective, efficient, objective and user-friendly software programme
for verification of manufacturing ergonomics. Still, the objective is that the tool
should be applicable in a wide range of applications when designing and evaluating
human-object interactions, e.g., in the health care sector and the tool is continuously
developed towards realizing that objective. IPS IMMAwas commercialized in 2016,
seven years after commencing the first research and development project (Fig. 6).

A key feature of IPS IMMA is the possibility to simulate and evaluate human-
object interaction over time, i.e. representing likely motions of humans and objects
in the simulation, where these motions are predicted by the DHM tool itself through
advanced mathematics, i.e. requiring no collection of human data or need for
databases of human motions. Another key feature is that the tool is made to simulate
human-object interaction for a family of manikins, where it is enough to instruct
one manikin, and the other manikins will perform the same task, but use their own
unique motions. This makes it easier and more efficient for the DHM tool user to
consider diversity of the user group and to verify that the design is appropriate for a
range of users. Hence, aiming to support an inclusive design approach. The anthro-
pometrics module in IPS IMMA enables the definition of manikin families using a
range of different approaches, e.g., the boundary case method (see section modelling
representative users) (Fig. 7).

The biomechanical model of the IMMAmanikin has 82 segments and 162 joints.
The spinemodel consists of five joints (T1/T2, T6/T7, T12/L1, L3/L4, L5/S1), which

Fig. 6 A family of manikins to support consideration of human diversity in simulations
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Fig. 7 Skin mesh and appearance of the female manikin in IPS IMMA (left). Simulation of elderly
manikin performing work assisted by a collaborative robot (right)

is a compromise between correctness and simplicity, to achieve quick but appropriate
simulations and ergonomics assessments. The biomechanical model represents a
human adequate for the applications, the tool is mainly created for, i.e. simulation of
human-object interaction.

The skin mesh is bound to the biomechanical model. Figure 7 (left) illustrates
the skin mesh and the collider model, which are used to identify collisions, both
self-collisions and collisions with external objects. Figure 7 (right) shows snapshot
of a simulation of a manikin representing an elderly person performing work assisted
by a collaborative robot, where range of motion limitations of the human model is
considered in the simulation.

Manikin motions are defined as quasi-static, generated by inverse kinematics,
where a comfort function seeks to optimize comfort whilst fulfilling present
constrains, with the consideration of joint angles, high joint torques, high contact
forces and short distances to the vicinity [34]. The manikin avoids collision with
external objects and itself.

An alternative way to the mathematical approach for motion prediction, as
described above, is to use motions from real humans, either recorded in real time
or stored in databases. The first approach requires a motion capture system, and
several test persons in order to represent diversity, and likely also a physical mock-
up that represents the objects that the manikin interacts with. Drawbacks from such
approach are that it takes time and is costly. A challenge of utilizing pre-recorded
motions to steermanikins is that themotionsmay have low conformity for the present
simulation case, especially for all members of a manikin family. Hence, by steering
manikins by recorded motions, in real time or stored, several of the advantages with
virtual design and manufacturing disappear or are reduced. Hence, there are benefits
of having motion generators in DHM tools [43], i.e. as implemented in IMMA. Even
so, the IMMA manikin can be controlled by the motion capture system Xsens™,
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e.g., to represent motions that still are hard to predict successfully by the motion
generator algorithms.

In the development of IMMA, industry partners highlighted early the need to be
able to quickly and easily steer the manikin’s actions. The industry also wanted a
solution thatwould lead to good repeatability of simulations,where simulation results
would be the same or very similar, regardless of whom uses the DHM tool. This led
to the development of a high-level instruction language that allows the tool user to
instruct the manikin by the use of high-level commands such a ‘GRASP/HAMMER’
[44]. Based on the series of manikin instruction commands entered by the tool user,
IMMA automatically defines all the detailed manikin motions needed to fulfil the
instructions and for all members in themanikin family. Thismanner of working saves
a lot of time for the IMMA tool user. It also supports objectivity in that simulations
are easier to repeat and with less variation in simulation results between tool users.

A central part of DHM tools is the ability to perform ergonomics evaluations
of the product-object interaction being simulated. IPS IMMA contains common
evaluation methods such as rapid upper limb assessment (RULA) [45] but enables
also the addition of bespoke ergonomics evaluation methods, e.g., company specific
methods. IPS IMMA also allows measuring and analyzing data such as joint angles
and joint torque demands of the manikin.

6 DHM Case Studies

6.1 DHM and the Ageing Workforce

In a study conducted by researchers at Loughborough University in the UK, an eval-
uation was performed to explore inclusivity in a manufacturing environment [46].
The aim was to explore the implications of ageing on industrial activities such as
assembly, where the tasks are largely manual and the demands on physical effort,
repetitiveness, speed of work and overall quality are high. Observations at a furni-
ture manufacturing company were used to inform a DHM evaluation of the working
postures adopted. The observations captured specific key task related postures from
a variety of workers performing the same or similar tasks. These tasks and the rele-
vant postures were replicated in the SAMMIE DHM system. Using data from the
HADRIAN database, 31 digital twin manikins were created. The human models
created were based on data collected from people who were all older than 40 years
and replicated both their anthropometry and their joint range of motion (ROM).

Figure 8 shows three exemplar postures (task postures 1, 2 and 3) for the same task,
representing individual operator preference. The differences manifest in a number
of ways including tool handling and orientation, the orientation of the item being
assembled and their overall body posture. Whilst this exemplar data were collected
in the real world, DHM tools have an important role to play in exploring what if
scenarios and in exploring the issues for a wider demographic than may be found in
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Task posture 1 Task posture 2 Task posture 3
Tool held by both hands; both 
arms below shoulder level; no 
bend or twist in trunk and 
body is in line with object; 
neck is straight; interaction 
point is level with shoulders; 
interaction orientation is 
horizontal and in line with 
body

Tool held in one hand (other 
hand grips the object); both 
arms at shoulder level; trunk 
has little bend or twist but 
body is rotated with respect to 
the object; neck is twisted; 
interaction point is above 
shoulders; interaction 
orientation is horizontal and 
oblique to body

Tool held in one hand (other 
hand grips the object); one 
arm is above shoulder level; 
trunk bent/twisted; neck bent 
/twisted; interaction point is 
below shoulders; interaction 
orientation is vertical and in
line with body

Fig. 8 Three working postures observed for the same manual assembly task

the real-world application. In this case, the use of DHM allowed the researchers to
explore the potential implications of these tasks on workers who are older.

To perform the analysis, measurements were collected of the workplace and the
workpiece to allow them to be modelled in CAD. The 31 digital twins were created
with their representative size and joint ROM. To start, the postures were replicated
with normal joint ROM limits to understand where these postures sat within the
envelope of typical human capability. Then, for each digital twin, an attempt was
made to replicate the observed postures. In total, 93working postureswere evaluated.
Figure 9 shows resulting DHM postures for each of the three task example postures.

Fig. 9 HADRIAN database workers exploring task inclusion for assembly task postures: 1 (left),
2 (centre) and 3 (right)
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The results of the analysis were quite revealing. Task posture 1 proved to be
acceptable for 84% of the older workers, task posture 2 was acceptable for 48% and
task posture 3 was acceptable for only 19% of the older workers. This resulted in 5
out of 31 older workers being excluded for task posture 1, whereas 16 and 25 were
excluded for task postures 2 and 3, respectively. These results demonstrate one of
the benefits of using DHM in these types of analyses to inform the understanding of
professionalswhowork in these industries about the task demands of their operations,
but also to inform improvements to working practices that can make them more
inclusive. The results demonstrate that task posture 1 is the best of those observed
and to accommodate older workers can form the basis of task completion training
to ensure the task is as accessible and low risk as possible. In addition, DHM can
be used to explore whether there are even more inclusive task postures that can be
adopted to further improve practice in the real world.

6.2 DHM and Public Transport Safety

In a second study conducted by researchers at LoughboroughUniversity in theUK, an
evaluation was performed to explore inclusivity on public transport and specifically
buses. The evaluation was part of broader research into improving safety for older
public transport users [47]. Accident data analysis shows that injury rates for bus
passengers are typically low (~3%) but that older people are over represented and
that a common accident type is that of standing passengers being injured due to rapid
acceleration or deceleration of the vehicle [48].

To explore accident causation and potential design interventions, DHM was used
to investigate any challenges faced by passengers stood on a bus or traversing through
the bus [49]. A common bus type used in the UK was scanned using a 3D FARO
scene scanner and replicated in the DHM system, including seating positions, steps
and hand holds. Figure 10 shows the resulting bus model. The bus was populated
with passengers to represent any potential obstruction to the aisle or to hand holds
for the standing passenger.

A range of variables were explored in the digital environment including the impli-
cations for varying anthropometry andparticularly reach range, jointROM, the ability

Fig. 10 Bus model reproduced from 3D scanned data for accessibility analysis in DHM
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Fig. 11 Postures exploring a passenger traversing through a bus.Consistent handholds are available
up until the frontal area where holding on to brace against sudden movements is problematic

to always have at least one hand on a hand hold, whilst traversing the bus from front
to back, and the implications of carrying a bag or a walking stick/cane. DHM proved
useful in exploring the challenges potentially faced by passengers across a range
of passenger demographic. Figure 11 shows a small (10th percentile UK female)
passenger from the HADRIAN database who is 69 years old with a good range of
mobility and who lives independently. From the analysis, it became clear that for
the majority of the fully seated section of the bus hand holds were plentiful and
the passenger could take advantage of the support provided. However, at the more
open front section of the bus, near to the doors, hand holds became too infrequent to
maintain grip. As such, if the bus performs a sudden manoeuvre whilst the passenger
is in this section, they may not be able to sufficiently brace themselves. Furthermore,
the modelling showed that if the passenger is in any way encumbered, e.g., holding
a bag, using a walking stick/cane, carrying a young child, etc., that this effectively
makes them one handed, and only able to use hand holds with their free arm/hand.
In such cases, the passenger moving through the bus will have frequent instances
where they are not braced against sudden movements of the vehicle and more liable
to being involved in an accident. Given the likelihood of a passenger carrying an
item, this is a significant implication for safety. A further aspect revealed during the
evaluation was that hand hold type also played a role. The bus contains two main
types of handle, a vertical pole from the floor to ceiling and a grab handle on the
back rest of the seats. Due to potential obstruction from seated passengers, the back
rest hand holds were of little use to the standing passenger.

The findings of the analysis highlighted the risks with being stood or attempting
to move through the bus when not stationary. This can inform bus policy for standing
passengers. In addition, the design and placement of hand holds were able to be
explored and established the ground work for the investigation of design solutions
to improve passenger safety, particularly in the frontal area of the bus. DHM again
proved fundamental in enabling this type of evaluation where the logistical implica-
tions of obtaining a bus for a prolonged period of real-world evaluation combined
with the challenges of finding appropriate users would likely result in a much too
complex or costly exercise. However, in the digital environment, a broad range of
variables was able to be explored expediently and design solutions could be both
prototyped and tested without the need to create physical mockups.
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6.3 DHM with Diverse Anthropometric Data by Cluster
Analysis

In a study conducted by researchers at University of Skövde in Sweden, diverse
anthropometric data were included in the process of generating data for a group of
virtual test persons. The first version of the anthropometric module in the DHM
tool IPS IMMA focussed on representing size variability. However, human-system
interaction is not only affected by human size variability but also other kinds of
variability, e.g., muscle strength and joint ROM variability. Hence, work has been
carried out to enhance the functionality of the anthropometric module in IPS IMMA
so that more aspects of human variability can be considered in simulations. Due to
the low correlation between and in-between different groups of variables, especially
for ROM variables, the boundary case method has shown to have limited use when
applied on data of body size, strength and ROM [50]. Instead, cluster analysis has
shown to be an appropriate alternative as it enables the generation of distributed test
cases with different body size, strength and ROM, and indeed also other capability
measures when data are available [51]. Cluster analysis is done by grouping a set of
objects in subsets called clusters in such a way that objects in the same cluster are
similar to each other and objects in different clusters are as dissimilar as possible
[52].

Data on body size, strength and ROMwere either collected on an individual level
or predicted and synthesized which gave a dataset of 46 variables necessary for
generating digital manikins in IPS IMMA. The synthesized data, consisting of 266
women and 210 men, were used in cluster analysis where the clustering algorithm
was set to give six unique distributed cases, and each case was given by taking the
average value of all individuals belonging to a specific cluster. The gender of each
case was determined as either female or male, and the age of each case was rounded
to the nearest integer.

To evaluate the generated virtual test people, two of them were used as digital
manikins in a dynamic simulation in IPS IMMA. Case 4 was a 43 year old male,
1783 mm in stature and 84.6 kg in body weight. His strength was high and ROM
medium to low. Case 5 was a 67 year old female, 1535 mm in stature and 77.4 kg
in body weight. Her strength was low and ROM varied between high, medium and
low. These two virtual test persons were used to demonstrate the difference between
the cluster generated cases. In IPS IMMA, the manikins were visualized through
a biomechanical model consisting of rigid links and joint centres. Maximum joint
torques were calculated based on the joint strength and link length for each body
part. Maximum joint torques and angles were then adjusted for each manikin. The
simulation in IPS IMMAconsisted of a casewhere themanikinswere instructed to lift
down a 5 kg oil tray froma truck.During the simulation, extreme joint angles and high
joint torques were penalized and minimized through an ergonomic comfort function.
When used in simulations, the digital manikins showed differences in movements
(Fig. 12) and joint torque actuations (Fig. 13) where the shorter and not so strong
manikin was forced to use more of its strength and more extreme joint angles.
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Fig. 12 Visualization and simulation of two virtual test persons as manikins in IPS IMMA

Fig. 13 Visualization of joint torque actuations during the simulation in IPS IMMA

This case study shows that it is possible to achieve more realistic and accurate
simulations, as joint motors or musclemodels are included into themotion prediction
algorithms used to generate motions in IPS IMMA. More accurate simulations with
detailed data such as joint torque actuations enable more comprehensive evaluations
of the biomechanical load regarding muscle activity and possible fatigue in DHM
tools. In parallel to the development of DHM tools, able to produce more advanced
simulations and evaluations, systems and sensors for direct measurement of motions
and muscle activity have become better, cheaper and easier to use [53–55]. These
systems, with small sensors connected using the concept of IoT, give possibilities
of more advanced and detailed analysis on an individual level. Similar to DHM
tools, which can generate individual simulations and evaluations, easy to use direct
measurement systems can help identifying which type of persons that has problems
using a product or workplace and are thus excluded by the design solution. Using
advanced, DHM tools in parallel with direct measurement systems can enable an
improved process for inclusive design.
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7 Discussion

It is clear that the ageing population poses many societal challenges. This chapter has
made the case thatDHMis a tool that can aid in the understanding of human capability
as people age and to exploit this improved understanding in the development of more
inclusive products, workplaces and environments. However, there are a number of
challenges and opportunities for DHM to properly support this ambition.

As with all technologies, the capability of DHM tools continues to grow and
become more sophisticated, allowing broader and more in-depth analyses to be
performed. However, as discussed earlier, one of the main challenges to the use
of DHM is the availability of appropriate data. In the context of being able to appro-
priately represent the older people within our populations, this means the need for
access to high quality data on older people from nationalities across the globe. This
is not a new challenge for DHM, and data for users are typically limited, but for
underrepresented groups such as older people or people with disabilities, data are
very limited at present and the community will need to come together to look to
address these shortcomings.

As we start to improve our understanding of human capability, our need for more
representative data becomes even more critical. If we follow the understanding that
typically as we age, we become less capable, what we also start to observe is that
humans are very adaptable. This adaptabilitymanifests as coping strategies that allow
people to manage their limitations. To properly understand, model and design for
older people, we not only need data on their size, shape and capability but increas-
ingly we also need to understand behaviour. This is one area where DHM still has
significant opportunities for further development. In the main, users of DHM tools
will often explore interactions and resultant behaviours of humans and products or
environments typically informed by the task, the size of the human, the joint ROM
and so on. However, there is an opportunity to understand what is likely for a given
individual or range of people, not just what is possible. With an understanding of the
characteristics of the humans being modelled, DHM has the potential to move to a
position where it can offer insights into how people really behave in a given scenario
and for these insights to then allow practitioners and users of DHM tools to explore
innovative solutions towards a goal of much more inclusive and accommodating
products.

8 Conclusion

This chapter has highlighted the challenges of the ageing population, it has also
identified3Dmodelling software in the formofDHMthat canbeused to explore some
of these challenges. The value of DHM manifests in a number of key ways, the first
is in the ability to explore and understand the impact of ageing on users and workers,
such that the design of products, workstations and environments can take into account
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the full variety of human capability to develop truly inclusive solutions. Due to the
digital nature of the tools, they can be exploited early in a design or development
project to explore the implications of ideas on the intended users. Ideas can then be
rapidly iterated to optimize solutions and remove barriers. TwoDHM tools have been
presented to provide insight into the types of tools that currently exist and their range
of capability. In addition, a number of case studies have been presented showing
how DHM tools have been used to analyze typical situations covering the workplace
and manual assembly, and in the use of public transport, where the implications of
being older and having potentially reduced capability may require accommodations,
or design changes, to facilitate greater inclusivity. A third case study addresses the
accurate modelling of users with diverse characteristics, essential for the modelling
of older users. This chapter has also presented some of the challenges for DHM
technologies as they continue to develop and become increasingly sophisticated.
Whilst there are still many further aspects of development to pursue, DHM has many
advantages to offer and can be an asset to all those looking to understand and improve
the interactions between the things we make and the people that use, work and live
with them.
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Abstract Older people can be among the primary beneficiaries of Internet of things
(IoT) technologies: These are capable of adapting the living environment to indi-
vidual needs, enabling continuous remote monitoring, increasing social participa-
tion, improving the visual and acoustic quality of communication between people,
and helping them to conduct an active and independent lifestyle. In the healthcare
domain, intelligent environments empower implementation of continuous collection
of behavioral information, bio-signals, and other health-related data. They can allow
the development of person-centered healthcare systems, which would be capable
of reducing disease burden through improved diagnostics, prognostics, personal-
ized therapies, and follow-up solutions based on the smart interplay of long-term
continuous monitoring and traditional medical treatments. This chapter provides an
overview of various IoT technologies and their application in older persons’ health-
care in daily living environments. First, the chapter presents themajor building blocks
of IoT solutions: sensors, communication protocols and algorithms, and how this
technology can be beneficial for older adults. Second, the aspects of people-centered
and participatory design as well as confidentiality and user data management are
discussed. Lastly, an architecture of IoT-powered monitoring system is presented
and design requirements are discussed.
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1 Introduction

Technological innovation and achievements in medical science have significantly
improved life expectancy. According to the United Nations (UN), the percentage
of the world population aged 65 years and over will increase from approximately
9% in 2019 to about 16% in 2050. Even though the aging trend affects virtually all
countries, it has the highest impact on Europe and Northern America, where one out
four people are projected to be over 65 years of age by 2050 [1].With age, the number
of health problems tends to increase, thus osteoarthritis, diabetes, neck and back pain,
hearing loss, dementia, depression, and nervous system disorders are common in
older adults. In addition, older people typically experience geriatric syndromes such
as functional decline, pressure ulcers, falls, incontinence, and delirium. Inevitable
decline of functional ability with age calls for solutions capable of coping with the
reduction of physical and mental capabilities. A rapidly aging society needs effective
solutions for its healthy aging, which would help older adults to remain in good
health, maintain their independence, and improve their well-being. The age shift of
society is recognized as a global challenge, thus the UN launched an initiative called
“decade of healthy aging 2021–2030,” which helps the stakeholders to take actions
to guarantee that people are able to age well [2].

Increase in population age and the fact that the number of older adults is growing
faster compared to other age groups (Fig. 1) and also has implications for the
economic system and labor market. Older persons are the main users of the public
health system, and as their share grows, the economic pressure on employed indi-
viduals will increase. Assistive technologies and their integration with the Internet

Fig. 1 World total population by age group [1]
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of things (IoT) will be key factors in addressing the higher demand for healthcare
services and improve the quality of life of older adults.

The IoT is a concept that encompasses a number of objects, called “things,”
capable of collecting and sharing information over private or public networks. The
IoT includes a large range of devices: (i) ambient-based sensors that, for example,
can control lighting, detect the activity in the room, and signal an emergency; (ii)
wearable devices thatmeasure a person’s heart rate, skin conductance, bloodpressure,
etc.; (iii) smartphones, tablets, security cameras, and virtually any object connected
to the network and exchanging data. Now, IoT devices play a significant role in
everyday life and it will continue to grow with the evolution of technology. The
healthcare industry is one of the very promising domains for IoT solutions, but the
use of IoT for healthcare is still in its early developmental phase and mostly consists
of limited-scale studies.

IoT technology can enable a paradigm shift from a centralized healthcare system
to a pervasive model capable of being older person-centered, preventive, and person-
alized. Sensors integrated in the living environment and wearable sensors can make
health monitoring and healthcare support accessible anywhere, anytime, and by
anyone. In order to make such systems truly accepted by the user, the design should
focus on the needs and requirements of older adults and heavily involve them in the
design and developmental processes.

This chapter is organized as follows. Section 2 presents the available IoT technolo-
gies and their exemplary applications with special focus on monitoring functions.
Section 3 discusses the aspects of the older person-centered design and challenges of
privacy protection. It also presents the key design principles of an IoT-poweredmoni-
toring system and shows potential of IoT technology usage during the COVID-19
emergency. Section 4 concludes this chapter.

2 Technological Solutions

IoThas the potential to revolutionize the healthcare system inmultipleways, enabling
applications such as continuous monitoring, predictive analysis of disease, interac-
tion of patients with clinicians and relatives online, and early warnings of epidemics
and drug management. From a technological perspective, the design of IoT-powered
solutions can be based on various architectures and use different sensors, communi-
cation protocols, privacy protection mechanisms, and data processing algorithms. In
this section, we will discuss the technologies most commonly used in IoT healthcare
applications for older adults.
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2.1 IoT Technologies

IoT encompasses a multitude of protocols, formats, and standards. Due to its fast
development and heterogeneity, IoT technology still lacks unified standardization
and does not have a reference architecture [3]. Architecture layouts vary among
different industries and can differ from project to project [4]. Analysis of existing
IoT architectures is beyond the scope of this chapter; nevertheless, the general data
flow for every IoT architecture is roughly the same, and here, we will discuss the
four-layer architecture shown in Fig. 2. This architecture provides a good tradeoff
between security and simplicity and consists of the sensor layer, the network layer,
the processing layer, and the application layer.

2.1.1 Sensor Layer

The sensor layer is the closest tier to the person, and it is where actuators and
sensors come into play. It is responsible for gathering data from the environment
and people as well as for interaction with them. The portfolio of sensors that can
beneficially contribute to the wellness, and healthcare of older people is large and
varied. The sensors can be classified according to (a) their proximity to the body:
implantable [5, 6], wearable [7–17], and ambient sensors [18–32]; (b) type of sensed
data: physiological data [33–36] and behavioral data [37–43]. Figure 3 represents
the range of sensors used in IoT-based healthcare applications for older persons.

The implantable and wearable sensors measure a person’s state (e.g., accelerome-
ters, EMG, GPS) or their vital signs (e.g., thermometer, ECG, manometer). Ambient
sensors are often fixed and serve to sense environmental parameters, collect physi-
ological data, and information about the person’s activities. Some ambient sensors
are mobile (e.g., smartphone, RFID tag, barcode reader), though companion robots
can also fit in this category.

Fig. 2 IoT four-layer architecture made up of sensor layer, network layer, processing layer, and
application layer
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Fig. 3 Sensors used in IoT-powered elderly healthcare arranged according to the distance to the
person: in-body, close-to-body, and in-ambient sensors [the numbers in square brackets indicate the
reference citations]

2.1.2 Network Layer

The network layer is responsible for data collection from edge devices via wired or
wireless communication protocol and their reliable delivery to the processing layer
for future analysis. Due to their inherent diversity, IoT-based healthcare applica-
tions cannot adopt a single communication protocol for all possible implementations
(Fig. 4). Eachprotocol has its pros and cons and its use should be evaluated for specific
applications in terms of power efficiency, coverage, data rate, latency, cost, and secu-
rity. For networks in close proximity to the person, passive radio frequency identi-
fication (RFID) is commonly used for energy-autonomous sensing while Bluetooth
low-energy (BLE) is used in battery-powered applications. For home area networks
where sensors need to carry a small amount of data, the energy efficient protocols
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Fig. 4 Communication protocols commonly used in IoT-powered elderly healthcare, arranged
according to data rate (left-to-right color gradient axis) and communication distance (radial axis)
[the numbers in square brackets indicate the reference citations]

ZigBee, Z-Wave, and 6LoWPAN are most suitable. For sensors where higher trans-
mission rates are required (e.g., RGB and depth cameras), Wi-Fi and Ethernet are
good choices. The outdoor applications need long-range protocols: LoRaWAN can
be used for low-power applications and cellular networks when a higher bandwidth
is required.

2.1.3 Processing Layer

The processing layer is responsible for data analysis and extracting meaningful
information. Translation of the collected IoT data into knowledge creates unprece-
dented opportunities for effective and proactive support of older persons. The use and
integration of the complementary data collected by multiple heterogeneous sensors
allows for improving system accuracy and reliability by compensating for occasional
sensor failures, by improving spatial coverage and by reducing noise and ambiguities
[44]. When the sensors have sufficient computational power, part of the processing
can be done on the edge device, reducing the amount of data to be transmitted via
the network.

The IoT systems can produce large amounts of data from multiple sensors, chal-
lenging the human ability for their processing. To improve the ability of data inter-
pretation and decision-making, various artificial intelligence (AI) techniques can be
used. Sensor measurements are processed and transformed from raw data to compact
and informative features by either using hand-crafted or data-driven AI approaches.
Hand-crafted algorithms allow for explicit modeling of important features and are
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typically used when we want to include prior knowledge of the data structure in
the computational pipeline. However, these algorithms can be far from ideal, as they
require considerable human effort tomanually extract themost relevant features from
the raw sensor acquisitions. Data-driven techniques are preferred for features extrac-
tion in case of unstructured high-dimensional data, such as images or video streams,
but they can also be applied to other data types for reducing noise and redundancy.

In further processing stages, data patterns can be detected using either supervised
or unsupervised algorithms. Supervised approaches have provided excellent results in
data processing, even surpassing human skills, but their drawback is that large anno-
tated training datasets are typically required. For this reason, a recent trend is fostering
approaches that implement unsupervised and self-supervised training procedures that
are becoming more reliable without the strong need for data annotation [45].

The features generated from the heterogeneous sensor data can be fused into a
multisensory array and processed to extract useful knowledge related to the entire
sensor network. Once all processing steps have been computed, the results are passed
to the application layer.

2.1.4 Application Layer

The application layer is a top layer that provides interface and data control services
for medical personnel, older people, family members, technical support, and other
authorized stakeholders for interaction with and control of the IoT system. It
includes Website, mobile app, service management, sensor management, health
record management, and so on.

2.2 Representative Examples of IoT Applications

Telemedicine and remote monitoring have been used for home monitoring of older
adults with chronic conditions, demonstrating that they are capable of reducing
unnecessary hospitalizations, while ensuring urgent care when needed [46, 47].
Several studies showed positive effects on patients’ health conditions, including
increased improvement of quality of life [48], social functioning, general health,
improvements in depression, and decreasing the number of hospital re-admissions
and emergency room visits [49, 50].

Below are examples of some applications where technological solutions proved
to be beneficial for specific age-related conditions.

• Risk of falls has a high impact on the health status and self-confidence of older
adults [51]. Approximately, one out of three adults over 65 years old falls at least
once a year and about half of them are not able to stand up without assistance
[52]. Alert fall monitor [53] and video game-based trainings [54] are examples
which demonstrate how technology reduces fall risk in older adults.
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• Physical inactivity and social isolation are shown to be very widespread among
older persons [55, 56]. Several technologies, including well-established informa-
tion and communication technologies (ICTs), IoT, and robotic companion pets,
have been used to increase social interaction and physical activity, showing posi-
tive effects in patients such as stress reduction, improved well-being, and quality
of life [57–61].

• Dementia has a negative impact on older adult quality of life [62], safety, and
independence. Technological solutions, including basic sensors such as pressure
sensors, shake sensors, passive infrared sensors, and smartphones, help caregivers
to detect degradation of patient condition early [63], improving care for patients.

• Reduced independence affects older adults’well-being, but technology has proven
to be an effective tool for reducing falls, hospitalizations and emergency room
visits [64], increasing general independence [65], as in the case of a robotic stride
assistance system which improves walking performance, and in turn, decreases
dependency of older adults on assistance [66]. Independence is also increased by
helping older adults with medication management, which can be very demanding
and potentially dangerous, with risk of missed or wrong medical therapy. Smart
medication dispensers and mobile applications have been shown to effectively
help older people to adhere to their medical prescriptions [26, 27].

• Depression was shown to improve with both robotics, which include robotic
pet companions and IoT [67, 68], including social interaction through Internet
networking.

As several IoT technologies demonstrated efficacy in improving the health and
quality of life of older adults, an integrated system approach started to be devel-
oped and implemented [69]. However, most of the presented solutions have been
tested in small-scale pilot studies and the process of across-the-board adoption
of the technology is still challenging. Below, we will discuss two IoT healthcare
projects that have been demonstrated in real-world scenarios and aim for a large-scale
implementation.

2.2.1 Renewing Health

The renewing health project is an example of a partially integrated solution that aims
to use telemedicine systems for the remote monitoring of older adults discharged
after heart failure hospitalization. The primary outcome measured by the study was
the combined occurrence of 12-month all-cause mortality or at least one hospitaliza-
tion for heart failure, while secondary outcomes measured were 12-month all-cause
mortality, number of hospitalizations, time of hospitalizations, number of clinical
visits, and quality of life survey results [70].

Clinical data about the patients in the interventional group were collected using
a digital weight scale and a wearable wrist device, given to the patients after an
instruction on the appropriate use of the equipment. Data collected by the patients or
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with the help of a caregiver included: heart rate, blood pressure, 1-lead ECG, pulse-
oximetry, and body weight. On a daily basis, collected data were transmitted to the
eHealth center and automatically processed for alarm values identification. At the
end of the 12-month follow-up of 339 patients (229 remotely controlled, 110 usual
care), significant difference was not found regarding mortality and hospitalization
for heart failure between the two groups, while the remote monitoring significantly
improved patients’ quality of life, showing the usefulness of the approach [70].

2.2.2 City4age

City4age is a framework consisting of different IoT services and tools capable of
detecting age-related conditions and risks in the aged population. It aims to promote
healthy and positive living and to improve independence and quality of life.

City4age’s approach deals with the detection of older adults’ behavior during
everyday life in different environments such as the home (indoor and outdoor) and
at city level using non-invasive technologies. Data are collected and stored in a
central repository where they are processed with complex behavioral analysis and
risk detection algorithms to implement a customized response for each subject, which
can be delivered to the person directly or after an evaluation by a team comprising
different types of clinical expertise. Smartphones play a central role in the system
and are used to transmit data from the subject and to deliver services from the system
to the subject. In addition, the project aims to create a large database of older adults’
data, which can be used to understand possible risk factors and behavior changes,
improving the quality and the speed of the response to the onset of a certain older
adults’ condition [25].

A preliminary trial of this system was implemented in a longitudinal cohort study
performed in Madrid, where 45 older adult users were involved. Data were collected
when users were moving around the city, considering nine point of interest (POIs)
regions that represent places where participants usually do their activities. Collected
data include activity of the user (number of steps, distance covered, and average
walking speed), visiting pattern (type of POI, number of visits per POI, and visit
duration), and daily transport usage pattern (number of trips, bus lines used, distance,
and time per trip). The system uses a wide set of technologies, including smartphone-
embedded GPS and IMU sensors, smart wristband, Bluetooth beacons, public bus
networks providing information about bus trips, and the city open data service, to get
different environmental information including real-time traffic, pollution, planned
events, and weather conditions.

Feasibility of involving older adults in an IoT-based system for activity data collec-
tion, which could not be detected by usual assessment tools, was confirmed by this
study. Preliminary data also showed the possibility of early detection of activity
pattern variation, which may be related to initial functional decline; thus empow-
ering the healthcare system with a tool for effective and preventative intervention
[71].
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In summary, several IoT solutions targeting older adults have already demon-
strated effectiveness and usefulness in healthcare applications, improving quality of
life and healthcare services. They seem to be promising to satisfy societal healthcare
needs, however, more studies and large-scale implementation are needed to confirm
this.

3 IoT Design for Older People

In this section, we will present a set of user-centered design requirements for IoT-
powered healthcare systems for older people. The following in particular will be
discussed: (i) aspects of the technology acceptance and adaptation of the IoT-powered
solutions to specific needs of the user; (ii) issues of privacy violation and possible
approaches for privacy protection; (iii)main design principles of an IoT-based health-
care system.Finally,wewill discuss the potential of the IoT systemduring a pandemic
emergency.

3.1 User-Centered Perspectives

The pervasive characteristics of IoT systems raise issues that must be faced to appro-
priately design any technology-enhanced environment for older people. For instance,
the distrust of the users toward the sensor systems and the difficulties in usability
can severely affect acceptance of the technology and its adoption. In particular, older
users can be affected by age-related sensory, motor, or cognitive impairments, which
require specific interventions in terms of usability and accessibility in service design
[72]. For example, the user interfaces must be visually and acoustically appropriate
for reading and listening (considering the sensory senescence) [73] should have high
learnability and memorability (countering age-related cognitive decline) [74] and
should be controllable through voice-based/gesture-based/touch-based commands
(according tomotor impairments of the users) [75]. However, the technology’s accep-
tance is not only related to the usability in this domain: IoT solutions in intelligent
environments tend to adapt contextual items to the users’ conditions and needs even
without their explicit commands [76].

Examining the topic of technology acceptance more closely, Tural et al. [77]
discuss older people’s attitudes and intentions toward smart home systems. The
authors highlight that the perceived usefulness of the devices is a key aspect of
all technology acceptance models (TAMs) [78] and is critical in predicting if the
proposed solutions will be adopted by the users.

According to a set of real needs, the subjects involved in [77] marked the differ-
ence between products that can be (i) useful for themselves, (ii) useful for others,
and (iii) overall unnecessary. Furthermore, safety was a priority for all subjects for
accepting a novel solution that should increase personal security and independence.
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Perceived affordability was another critical predictor for system adoption, in partic-
ular, when evaluated in terms of “return-on-investment.” Privacy and security of
personal information were especially relevant because of a certain distrust of tech-
nology among older adults. Finally, the requirement of usability made the authors
suggest the importance of making the users try the proposed technologies.

The authors also highlighted demographic factors affecting the intention to use
home automation systems. For instance, certain factors decrease such an intention:
being male, getting older, or living with other people that can provide assistance. On
the other hand, homeownership increases the chance of using such systems. Further-
more, the ownership of technologies like smartphones improves the acceptance of
smart home systems; this observation suggests that the reluctance to accept new
devices will decrease for current and future cohorts of users.

This effort to collect users’ observations pragmatically constitutes a methodolog-
ical premise in all ambient intelligence studies and projects: Analyzing the older
user experience and preferences is definitely paramount, even when the main effort
seems limited to make the technology just unnoticeable yet all-encompassing. All
aspects of the older person’s life must be carefully considered, including their rights,
within the effort of co-designing technologies for older adults [79]—involving the
final users and the stakeholders within the iterative design process. Moreover, novel
tools and methodologies to identify user-related issues in IoT systems design must
be devised, especially considering the quality of experience and its relationship to
the quality of services provided [80]. This approach is quite beneficial to under-
stand the most common user experience issues, with benefits for both research and
industry. For instance, an innovative approach in co-design was offered by Ambe
et al. [81], who proposed the IoT Un-Kit Experience: An apparently uncompleted
and decontextualized set of sensors, actuators, and media components that engage
older people in exploring and creating personally meaningful IoT applications. This
kind of solution offers an original way to involve the final users and to collect unique
information about design issues that directly affect the person/user.

Considering the most common user-centered design issues, Meulendijk et al.
[82] discuss how technology acceptance in the home automation field is specifi-
cally tied to issues like obtrusiveness and intrusiveness that can derive from [83]:
(1) physical discomfort (noise, obstacles impeding perception and action, asthetic
incongruence); (2) usability and accessibility problems (lack of user-friendliness,
additional demand of time and effort); (3) privacy violations (invasion of personal
information and personal space); (4) system reliability and effectiveness (functional
issues, inaccurate monitoring and feedback, low perceived usefulness); (5) lack of
human interaction (detrimental effects on human relationships, absence of human
response in emergencies); (6) self-perception (stigma and signs of loss of indepen-
dence and related embarrassment); (7) interference with daily activities (issues with
their everyday routine); (8) sustainability (affordability, concerns for future changes
in abilities and needs). For example, technology acceptance can be affected by simple
changes in furniture and ambient design (e.g., redecorating the rooms to adapt the
spaces for the equipment) required to implement IoT solutions.
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In order tomitigate these issues,Meulendijk et al. present a set of cumulative layers
of technology implementation in users’ environments [82]. Within these layers [84],
appropriate design solutions can be exploited in each context of use.

For instance, physically embedding technologies in environments can make them
less visually obtrusive. Furthermore, building context-aware systems that detect and
classify the users’ characteristics and actions are necessary to implicitly personalize
their activity and adapt it to environmental and individual changes. This last feature
is especially useful to anticipate and prevent undesirable events from occurring,
completing the advantages of customization activities explicitly performed by the
user. Such solutions improve technology acceptance and offer design suggestions
that can be adopted in most cases.

However, these systems require an intensive and extensive level of data collection
that can create further issues related to privacy violation. Indeed, the pervasive and
almost invisible presence of environmental and wearable sensors in the daily life of
an individual must be appropriately analyzed. This would help to design solutions to
protect the users’ dignity and privacy, also overcoming their distrust toward useful
innovations, and consequently improving the quality of their life. A way to approach
such issues is value-sensitive design [85], which is based on conceptual investiga-
tions (defining ethical and legal notions and definitions related to values), empirical
investigations (studying what occurs in real contexts, primarily behaviors of users
and stakeholders), and technical investigations (establishing implementation require-
ments like user-friendly systems for informed consent collection or state-of-the-art
cybersecurity solutions). This kind of approach in user-centered design is becoming
a priority in many aspects of technology-based geriatric care, including robotics and
intelligent systems [86].

Considering the potential of value-sensitive design of intelligent environments
for older people [87], the issues related to privacy will be discussed from a prac-
tical perspective in the following sub-section in terms of exemplary implementation
approaches and solutions.

3.2 Privacy

According to the value-sensitive design framework, the definition of privacy belongs
to the conceptual level and the users’ trust can be considered as an empirical conse-
quence of their privacy perception. Such a perception should be improved [88] to
make IoT systems acceptable after solving objective flaws in personal data manage-
ment. Moving from this premise, this sub-section will discuss privacy-related tech-
nical improvements of IoT solutions that empower the smart environments for older
people.

IoT sensors are non-invasive and non-collaborative, in most cases, which means
themonitored person does not need to provide any information or personal data to the
intelligent system, which is able to autonomously and precisely collect and aggregate
the required information. Security and privacy are, therefore, critical aspects to be



IoT-Powered Monitoring Systems for Geriatric Healthcare: Overview 111

taken into account in the design of any intelligent continuous assistive technology
[89–91] and they are regulated by strict laws, both at the national and international
level.

Usage of different communication protocols, difficulties of patching, the hetero-
geneity of IoT sensors, and their small storage capacities and computing power
make it difficult to define effective and generalizable policies at the sensor level for
reducing the risk of hacking and data breaches [92, 93]. However, privacy-preserving
protocols can be implemented in data aggregation, transmission, and storage.

Traditional encryption protocols as well as the emerging technologies (e.g., soft-
ware defined network (SDN) and blockchain) can be employed for mitigating the
risks of fraudulent access to the data [94]. The blockchain technology, in particular,
is the most efficient one [95] because of its properties such as immutability, irre-
versibility, and peer-to-peer verifiability of all transactions. The decentralized and
distributed structure used by blockchains, along with its cryptographic properties,
make it perfectly suited for healthcare applications, where security and confiden-
tiality of the information are the priority of the system. Moreover, the current AI
technologies and policies are mature enough to effectively manage the ethical and
privacy concerns during data processing stages [96, 97].

The servers where data are collected should be designed so that the possibility
of unauthorized data access and accidental data misuse is prevented, in the case
of both cyber and physical threats. In order to achieve this goal, strong security
policies should be implemented, such asfirewall protection, login authentication, data
encryption and anti-virus as well as limited and logged access to the data warehouses,
and suitable alarming systems.

Computer vision applications (image acquisition devices and image processing
software) represent particularly important examples where efficient privacy-
preservingmethods need to be implemented. In fact, video acquisitions expose sensi-
tive personal information regarding people’s identity, health status, property, personal
relations, and more which can be fraudulently used without any further algorithmic
analysis. The current computer vision technology is capable of effectively managing
privacy concerns [97]. For many use cases, it is possible to use a privacy-by-design
approach: Smart camera sensors can process on board and before transmitting the
acquired sensitive data, discarding all the visual information that is not relevant or
needed for the intended purpose. Notable examples of this approach are facemasking
via blurring or pixelation and object removal via inpainting [98]. Information about
body joints and their dynamics is significantly less privacy-invasive than the orig-
inally acquired images and videos and still contains a large number of clues that
can be further analyzed for assessing a person’s health status and their response to
therapy.

Nevertheless, focusing only on technological solutions for protecting privacy is
not sufficient. Proactive effort should be put into increasing users’ awareness [99] of
data collection, processing and usage pipeline, and to support them in making better
and more informed decisions about opting in or out (especially through informed
consent policies) [100]. Both technology-side and user-side interventions constitute
impactful value-sensitive strategies that can promote privacy protection within smart
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environments for older people. The next sub-section will organize the approaches
presented above within a wider set of design principles that focus on IoT-powered
monitoring.

3.3 Design Principles for IoT-Powered Monitoring

Ubiquitous healthcare solutions differ in terms of employed sensors, communica-
tion protocols, and data processing algorithms; nevertheless, they can still share the
same framework for people-oriented design and guidelines for high-level technology
acceptance among older persons. In this section, we will discuss design requirements
for development of a ubiquitous healthcare system for older adults (Fig. 5). Most of
these requirements were introduced in the Multiplat Age project, which aims to help
geriatricians in identifying frailty conditions in older people and used in this section
as a reference project [101].

An older person is located in the center of the proposed elderly healthcare archi-
tecture and monitored biomechanically and physically through unobtrusive sensing
technologies. The system is intended tomonitor multiple parameters for long periods

Fig. 5 Proposed architecture of ubiquitous monitoring system for older adults
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of time, such as weeks and months, and it should not disturb in any way the activities
of daily living (ADL) of the person nor require any training sessions, and ideally,
it should be completely transparent for the user. Unobtrusive sensing is prone to
human factors that can occur with wearable devices when forgotten to be worn or
charged. However, monitoring of some vital parameters demands that the sensor be
implanted [5] or positioned on the body [13–15] though usage of such sensors should
be minimized.

In the hospital-centered healthcare system, the medical records are based on anec-
dotal accounts and memories of the patient between the medical visits whereas many
chronic diseases require continuousmonitoring rather than episodic assessments. The
IoT-based monitoring system is capable of closing this gap and has to be designed
to provide continuous evaluation of the person’s health.

In the reference project, a variety of sensors for a person’s unobtrusive moni-
toring is used (Table 1). These include floor sensors that cover the whole area of
person’s apartment and used for monitoring motility and basic ADL. Arrays of pres-
sure sensors will be used to register duration and weight distribution patterns of
people while on their beds or sitting on a chair. In conjunction with the bed pressure
mat, a ballistocardiography (BCG) sensor is provided to assess the quality of sleep.
The BCG sensor allows for no-contact measurements of heart and respiration rate
as well as monitoring of bed activity. Smart toilet seat registers toileting ADL and
monitors weight and heart rate during every bathroom stop. RGB cameras will be
used to collect behavior data.

The sensor system must be reliable to produce high confidence data for medical
diagnoses and prescriptions. In the proposed sensing system, the uncertainty in the
data acquisition is mitigated by using more sensors to measure the same parameter.
Thus, for example: (a) bed-egress event is registered by both BCG and bed pressure
sensors (b) person’s location and movements are monitored by RGB cameras as
well as by the sensorized floor. This multimode detection approach pays back in
terms of system reliability, which is particularly important in emergencies (e.g., fall
detection).

Table 1 Sensors network designed for the reference project

Sensor type Monitored geriatric factor

Floor sensor Moving around the rooms, in-home transitions, fall detection, gate
analysis

Chair pressure mat Chair occupancy, posture, sit-to-stand/stand-to-sit transition monitoring

Bed pressure mat Weight distribution, position monitoring, bed occupancy, bed movement
activities, bedsores alarm, falling off from bed alarm, postural transition

BCG sensor Heart rate, respiratory rate, heart rate variability, bed occupancy, bed
movement activities

Toilet seat sensor Postural position, frequency, duration, weight monitor, heart rate

RGB camera Moving around the rooms, in-home transitions, bed/chair occupancy, fall
detection
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The gateway acquires data from the sensor network and aggregates them for future
transmission and analysis. Collected data are processed in two steps. First, real-time
data analysis that takes place at the edge node before being transmitted to the cloud.
Edge processing provides support in situations when immediate reaction is critical
(e.g., fall event, sudden cardiac arrest, falling off the bed) and it helps to reduce the
amount of data that have to travel over the network. Second, data stored on the server
are used for in-depth analysis, which does not require immediate feedback but can
assess the trend in physical and mental states of the person and forecast the frailty
conditions and illness before the symptoms become irreversible.

Results of the data analysis are stored in the database that can be queried by autho-
rized stakeholders (e.g., medical caretakers, specialists, family members). Older
adults should not rely on the assistance of the medical personnel to access their
electronic health record and they should be able to consult the collected data at any
time through their smartphone or tablet. The interaction system should have low
usability barriers and require minimal technical skills. The older people can track
their health status, communicate with doctors, seek services/support, provide feed-
back and receive notifications, warnings and alerts through a simple, and clear user
interface (UI). Each person has specific requirements for the system (e.g., based on
their habits, diseases, capabilities) which also evolve over time. To cope with these
changes in requirements, the system should be customizable (the user can adapt the
system for their needs) and personalized (the system is capable of self-adapting to
the needs of the user).

The interaction between the system developer and the older person should already
be established from the early stages of the design process. Participatory design with
high involvement of older people helps designers to define and translate the user needs
and requirements into the system design. Continuous co-design and designing-in-
use [102] permit older adults to participate in the design not only during the product
development, but also contribute to the characteristics of the system during its usage.

When design choices are made, particular attention should be paid to ability of
the system to adapt for large-scale implementation. Scalability is a crucial charac-
teristic of the design and numerous aspects can influence the ability of a system to
grow. The network protocols and encryption methods should be capable of accom-
modating communication with an increased number of sensors; storage resources
and processing algorithms should be effective in dealing with large amounts of
data; implementation of access control should permit a secure interaction with the
system for an increased number of stakeholders and level of decentralization. In
addition, in full-scale system energy efficiency, provision chain capability, compu-
tational complexity, and cost become singular challenges and should be considered
in the early design stages.

Continuous health monitoring involves collection of multiple privacy-sensitive
data, therefore, methods and techniques for personal data security and privacy must
be implemented. Ideally, the protection of a person’s information should be guar-
anteed by design [103]. Effective privacy-preservation measures also help to build
trust in the technology and improve its acceptance. In the reference project, a high
level of privacy and security is achieved by depersonalization of data collected from
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sensors, applying privacy-preservation filters on the RGB camera images, using a
128-bit encryption key for network data transmission, and implementing identity
management, where only authorized personnel have access to the system.

3.4 The Potential of IoT During the COVID-19 Emergency

The recent emergency of the COVID-19 pandemic has stimulated the development
of solutions that can take advantage of IoT systems. For instance, Yassine et al.
[104] discussed how the high impact of the pandemic spread on older people pushed
healthcare institutions, industries, and academics to innovate policies, methods, and
technologies to protect older people in long-term geriatric care homes in Canada.
In particular, the authors observed the risks deriving from: (i) a lack of infection
measurement, detection, monitoring, and alert systems; (ii) a lack of connected
devices to detect and measure signs and symptoms of illness and to continuously
track the well-being of older people; (iii) a lack of appropriate communication solu-
tions for enabling quick interventions by caregivers, emergency units, analysis labo-
ratories, and patient’s relatives when a positive case of COVID-19 is discovered.
Worldwide, these kinds of observations triggered growing global attention toward
intelligent health monitoring systems. The technologies discussed in this chapter are
capable of coping with the issues raised by employingminimally obtrusive, network-
connected smart devices (e.g., wearable systems, actuators, sensors) to continuously
track actions and conditions of older residents.

These solutions empowered through telemedicine services supported by IoT
systems are obviously also valid for older adults living in their own homes. In partic-
ular, the pandemic exacerbated [105] a well-known issue affecting older people:
loneliness. The COVID-19 emergency forced the authorities to establish restric-
tions of contact between people for stopping the spread of the disease, especially
for protecting older people. This solution created further challenges in engaging
them physically and mentally through social interactions, worsening their individual
loneliness. Digital systems [106] (e.g., video games) [107] can help to counter such
a problem by reducing social distancing and isolation through computer mediated
communication solutions based on psychosocial models that guided the design of
interventions. Indeed, all these solutions find in IoT several key solutions to empower
and extend their effectiveness in addressing the problemof loneliness of older people,
especially when the older person must cope in quarantine with the health-related
consequences of a disease [108]. Thus, IoT-empowered home Gerontechnologies
demonstrate that they are not only a solution for long-term issues of aging but also
an effective response to a current emergency that dramatically hit older adults.
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4 Conclusions

The world’s aging population brings new challenges for the healthcare system, and
the rapid adoption of IoT technology in the medical sector offers great potential to
overcome these challenges. In recent years, a number of implanted, wearable, and
ambient sensing technologies were developed for remote monitoring of behavioral
and physiological parameters of human beings. These devices can be connected
through IoT networks to enable older people to live an independent lifestyle for
longer. These solutions could additionally improve the quality of the healthcare
system bymaking it more proactive and cost-effective. Such an IoT-based healthcare
system can be further enhanced by using efficient communication protocols, AI-
powered data analysis for transforming sensor data into knowledge, and blockchain
technology for secure data exchange and storage.

Implementation of IoT technology for healthcare may be prone to security and
privacy threats due to unauthorized access to health records, attacks during the data
transmission between the network layers, vulnerability in the device design that can
allow an attacker to access the device remotely, difficulty of implementing the secu-
rity patches for the devices, and inadequate data encryption. An effective defensive
mechanism against the security loopholes and respect of the privacy choices of the
people is a fundamental pillar of IoT technology acceptance in the healthcare domain.

In addition to an overview of IoT technologies for geriatric cares and health moni-
toring, in this chapter, we also provided discussion on several aspects related with
technology acceptance. First, we introduced the four-layer IoT architecture which
is typically used in this context and presented sensor types, communication proto-
cols, and data processing algorithms recently proposed for monitoring older people.
Second, we covered the solutions proposed in the literature and discussed in detail
two projects that have had greater adoption among the healthcare community. Third,
the aspects of older person-centered design and privacy were discussed. Finally, we
have presented a possible model architecture of the IoT-powered healthcare system
and identified main design requirements that it should satisfy, namely to be: unob-
trusive, continuous, real-time, reliable, person-centered, co-created, customizable,
personalizable, scalable, and privacy-aware.

We believe that this chapter can be a useful point of reference for anyone interested
in technological advances in IoT-based medical care for older people.
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Abstract A positive aging requires placing human changes due to healthy or patho-
logical senescence at the center of gerontechnology design. A set of key solutions
for accomplishing this goal is offered by neurotechnologies. These systems can
monitor and interpret data related to the central and peripheral nervous systems for
understanding the individual conditions, enabling the control and the adaptation of
assistive and rehabilitative devices, influencing the nervous system itself and empow-
ering mental processes. Focusing on non-invasive approaches (closer to real-world
applications), this chapter describes how adopting these solutions can improve the
daily life of seniors and help the translational study of the aging brain in real settings
through approaches like the one of neuroergonomics. This manuscript also high-
lights the potential of neuro-gerontechnologies within emerging frameworks that
could enable digital biomarker-based assessment and personalization features. In
particular, pervasive solutions of Internet of Things and Minds (IoTM) can make
everyday devices truly human-centered (and, in this case, senior-centered). Indeed,
a network of systems interpreting a person’s will and needs defines a step-change to
properly serve human beings according to their fragilities.
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1 Introduction

Elderly people typically show age-specific mild-to-severe progressive impairments
to cognitive, sensory, and motor skills because of multiple health conditions [1].
Such conditions span from chronic metabolic illnesses like diabetes [2] to neurode-
generative processes in dementia syndromes [3], with potential co-morbidities [4].
In this context, enabling a positive aging depends on carefully considering the human
changes due to healthy or pathological senescence. According to skills, limitations,
and needs of older adults, gerontechnologies [5, 6] (here labeled as gerontech) are
conceived for improving the quality of their life in daily contexts.

Gerontech can exploit various technological advances targeting the different needs
of seniors. Among the systems that can improve the quality of elder people’s life,
neurotechnologies [7] (or neurotech) offer a rich set of versatile and groundbreaking
key solutions.1 In this manuscript, we will consider neurotech [8] as a class of solu-
tions designed according to neurophysiological principles (e.g., the relationship of
cognitive and motor activity with the neural plasticity) or devices processing data
related to the (central or peripheral) nervous system.

Accordingly, neurotech can (i) infer or map the state of the individual nervous
system, (ii) control other technologies according to physiological andmotor data on a
person’s activity, (iii) act on the nervous system anatomo-physiology through direct
(e.g., electromagnetically eliciting the brain cortex) or indirect (e.g., guiding and
perturbing a limb motion according to neurorehabilitation protocols) stimulations.
These general features are certainly useful to maintain and restore elderly’s well-
being and autonomy in many ways.

This chapter introduces sample applications of what such heterogeneous solu-
tions can offer to improve the quality of seniors’ life across activities of daily living
(ADLs) and clinical procedures. The adoption of neurotech in this context, intended
as devices or as accessories for solutions like assistive systems, leads us to the defi-
nition of “neuro-gerontechnologies” (or neuro-gerontech) for referring to senior-
oriented devices with neurotech features. Furthermore, we will propose the potential
of synergies between these technologies and recent advances in Digital Health and
Internet of Things (IoT), offering personalization features definitely useful for older
adults.

Before introducing these applications and opportunities, the next section will
introduce general aspects of aging processes affecting the nervous system and the
related individual skills.

2 The Aging Nervous System

The border between healthy and pathological senescence [9, 10] can be quite fuzzy
[11]. However, a healthy aging of the brain is characterized by diversified anatomical

1 https://www.ft.com/content/9792bb60-b794-11e9-8a88-aa6628ac896c

https://www.ft.com/content/9792bb60-b794-11e9-8a88-aa6628ac896c
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and functional changes that can lead to deficits in attention, emotions, sleep, language,
speech, decision-making, andworkingmemory [12].On the other hand, such changes
[13] increase the risk for pathological conditions to occur.

Thus, even in typical senescence, we may find alterations that can lead to multiple
difficulties in the individual adaptation to everyday life, including sensory [14],motor
[15], and cognitive [16] impairments, and abnormalities (caused by medications too)
in autonomic functions [17] that affect older people’s capability to copewith everyday
stressors and accidents.

Pathological conditions can derive from events like ischemic stroke [18] or
from etiologically various forms of neurodegeneration [9], e.g., Alzheimer’s disease
(AD), Parkinson’s disease (PD). Certain neurodegenerative conditions tend to occur
frequently in older people. They can be initially difficult to detect, as in the differential
diagnosis of mild cognitive impairment (MCI) [19] with AD and elderly depression
[20]. This occurs for rare diseases too, like the amyotrophic lateral sclerosis (ALS)
[21], considering related severe motor impairments [22].

Furthermore, systemic conditions [23] like hypertension and atherosclerosis can
lead to neural damage (e.g., stroke, vascular dementia) [24]. Moreover, the variety
of morphological and physiological alterations in the aging brain [23] can increase
the difficulty of initially distinguishing the intrinsic senescence effects from the
consequences of cumulative environmental insult, ingravescent chronic diseases (like
diabetes or rheumatoid arthritis), and their psychological impact [25].

Particular attentionmust be paid to events like falls,whichmay cause the transition
from healthy to pathological aging with a sudden decrease in autonomy. The risk for
an older adult to fall can depend on multiple age-related factors as visual, vestibular,
somatosensory, proprioceptive, balance, and motor coordination deficits [26–28].
Such impairments can be caused by a large range of medical conditions (e.g., stroke,
diabetic peripheral neuropathies). Furthermore, an old age or age-related syndromes
of frailty [29] can obstacle the spontaneous recovery and rehabilitation outcome
after an accident. They can also deteriorate the elderly conditions, leading to loss of
independence, institutionalization, and death.

This section shortly introduced a set of general issues in nervous system aging:
constraints and targets for neuro-gerontech, which must be based on aging neuro-
science discoveries. For instance, brain plasticity persists in older people [30], espe-
cially if they maintain an active lifestyle or perform clinical training tasks [31–
33]. The examples of neurotech presented in next section are based on this kind of
neuroscientific concepts.

3 Neurotech Applications

Different kinds of neurotech can be successfully exploited as sub-components of
neuro-gerontech for improving the conditions of older adults. Considering the intro-
ductory scope of this chapter, we will mainly consider non-invasive solutions,
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more affordable and acceptable for a large population, as seniors not necessarily
characterized by severe pathological conditions.

In each sub-section, we will present as neurotech any system based on live
processing of data directly or indirectly related to the (central or peripheral) nervous
system. According to neural principles, neurotech can be designed to monitor and
analyze the physiological states of a person (Sect. 3.1), enable the control of assistive
technologies (Sect. 3.2), restore neuromotor functions (Sect. 3.3), regulate, train,
enhance, or vicariate mental processes (Sect. 3.4). The list of applications in this
section is certainly non-exhaustive: it shows sample neurotech domainswith potential
benefits for elderly.

3.1 Physiological Monitoring as a Neurotech Foundation

Since the transition to pathological conditions is usually unpredictable, physiological
monitoring is a priority for promoting healthy aging. For instance, severe forms of
dementia are typically preceded by MCI, whose timely diagnosis allows the preven-
tion or delay of the more advanced stages [34]. In order to find early biomarkers
of MCI onset, portable solutions which enable at-home monitoring of physiolog-
ical indices are preferable, because they allow the collection of health-relevant data,
without the need for the person to physically meet a clinician.

While systems to measure physiological parameters such as blood pressure or
oxygenation level are routinely used to constantly check on the patient, nowadays,
portable neurotechnologies relying on brain signals are also available. Brain activity
can indeed be measured with non-invasive techniques, such as electroencephalog-
raphy (EEG). EEG [35] reflects the sum of neuronal activity within the brain and is
used in clinic to diagnose and/or monitor physiological processes (like sleep) and
neurological conditions (like epilepsy). Portable EEG systems (even at reasonable
prices) comprise: (i) caps that can be customized (in terms of number and location
of electrodes) in order to adhere to the specific need; (ii) user-friendly interfaces to
allow recording of brain data. Another non-invasive solution (and a promising candi-
date for extra-laboratory applications) is the functional near-infrared spectroscopy
(fNIRS), which allows the monitoring of oxygenation level to perform the functional
analysis of brain activity [36].

EEG [37], fNIRS [38], and other (more expensive and hardly portable) solutions
like magnetoencephalography (MEG) [39] have been employed in several studies
to identify relevant biomarkers of MCI or AD. The proposed methods are relatively
easy to replicate and rather effective in assessing sensory and cognitive processes.
However, there are, at present, no clinically accepted protocols to provide a definitive
dementia diagnosis from EEG, fNIRS, or MEG signals alone. One of the main
limitations in the translation from experimental methods to clinical application is
the lack of longitudinal studies: the possibility of long-term neuropsychological
testing would allow the collection of data critical for the development of new clinical
protocols.
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It must also be noted how peripheral biosignals (e.g., electromyography, EMG;
galvanic skin response, GSR; heart rate variability, HRV) or highly specific motor
activities (e.g., at ocular level: the gazemovements and the pupillometry) can be used
to monitor cognitive and affective processes, especially “in the wild” [40–43]. They
are employed as indices of the nervous system activity without being neural signals
themselves. Particularly, their collection is entrusted to highly portable devices that
are typically included in low-costwearable systems.Without beingobnoxious towear
like most EEG or fNIRS systems, these solutions are used in daily life to monitor
physiological changes that could be used to infer sleep quality [44], stress level
[45], or cognitive load [46]. Overall, they can work as “peripheral neurotech.” Such
approach discloses the opportunity of inserting neurotech within a sensor network
including smart objects [47].

In general, monitoring systems constitute the foundations for other types of
neurotech based on interactive features sustained by the live processing of physiolog-
ical data. This is the case of neurointerfaces, exploiting neural signals for enabling
human–machine interactions. They mostly refer to central nervous signals under
the label of brain–computer interfaces (BCIs). This term leads to the topic of next
sub-section, focused on BCIs controlling assistive systems.

3.2 Brain–Computer Interfaces for Assistive Technology
Control

BCIs are designed to directly translate brain activity into commands to allow the
control of external devices [48–50]. Such technologies can be broadly divided into
invasive BCIs, with access to the exposed human brain, or non-invasive BCIs, which
does not physically cross the scalp.

The most widely adopted invasive BCIs [51] are based on electrical record-
ings, with electrodes placed either on the surface of the brain (electrocorticog-
raphy, ECoG) or within the brain itself (intracranial electroencephalography, iEEG).
When compared to their non-invasive counterparts, invasive technologies guarantee
a vastly superior signal quality, both in terms of signal-to-noise ratio (snr) and in
terms of concurrently controllable degrees of freedom. The obvious drawbacks are
the increased costs and risks, complex maintenance, and ethical concerns, which
strongly limit the widespread adoption of these BCIs outside laboratories.

The opposite is true for non-invasive, EEG-based BCIs [52]: the required
equipment is relatively simple, with user-friendly and portable or wearable solu-
tions already commercially available at different prices and different options for
customization (e.g., InterAxon Muse,2 OpenBCI,3 Emotiv Insight/Epoc/Flex,4 g.tec

2 https://choosemuse.com/
3 https://openbci.com/
4 https://www.emotiv.com/

https://choosemuse.com/
https://openbci.com/
https://www.emotiv.com/
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Fig. 1 Emotiv EPOC X, a
low-cost EEG-BCI used in
studies like [54]

Nautilus Pro,5 g.tec Unicorn6). Their disadvantage is low SNR and the ability to
control a small number of degrees of freedom, which, in turn, result in a low infor-
mation transfer rate (ITR): during active control, in a laboratory setting, the highest
claimed ITR is 175 bit/min [53]. Figure 1 shows an example of consumer-level EEG-
BCI. These systems can hardly offer the reliability of those for clinical and laboratory
use. However, they are useful for fast initial prototyping and for preliminarily testing
the neurotech acceptance and user experience in basic settings if their performance is
sustained by appropriate signal analysis solutions. Obviously, the system limitations
must be considered before implementing any assistive or clinical solution for people
with severe impairments as in case of ALS.

Several non-invasive, non-EEG alternative technologies can also provide signals
useful to control BCIs: MEG [55], functional magnetic resonance imaging (fMRI)
[56], functional transcranial Doppler ultrasonography [57] and fNIRS [58]. While
deployable in a laboratory setting, most of these techniques rely on devices that have
been, so far, impossible to reduce to a relatively portable size. The only exception
regards fNIRS: indeed, in the last few years, a growing number of wearable devices
for fNIRS have been introduced [59], paving the way for their use in healthcare
solutions.

Overall, the most direct contribution of BCI technologies to quality of life in
elderly people is the possibility of reducing the impact of motor control impairments
(as the ones occurring after a stroke or during the progression ofALS): one of themost
promising developments, in this field, is the introduction of BCI control schemes for

5 https://www.gtec.at/product/gnautilus-pro/
6 https://www.unicorn-bi.com/

https://www.gtec.at/product/gnautilus-pro/
https://www.unicorn-bi.com/
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Fig. 2 A sample hybrid BCI setup

assistive devices like wheelchairs [60], robotic devices (e.g., exoskeletons) [61], and
smart home technologies [62].

Further innovations come from the integration of multiple information sources
to empower BCIs. For instance, hybrid BCIs (Fig. 2) exploits different types of
signals (at least one derived from the brain activity) [63], combining them to obtain
improvements in understanding the user’s commands. Such an approach can be
useful, for instance, to enable adaptive processes of self-calibration and personaliza-
tion according toEEGsignals related to voluntary control (e.g., sensorimotor rhythms
in motor imagery) and to spontaneous reactions (e.g., error-related potentials) [64,
65]. A typical supplementary source of information in hybrid BCIs is constituted
by gaze motion [66]. Eye-trackers are generally more usable than BCIs to control a
graphic user interface. Such an advantage is highlighted in hybrid (oculo-cerebral)
BCIs for improving the flexibility of communication systems like spellers [67].

Figure 2 shows an example of a generic hybrid BCI [68] concept, where 2 (or
more) different types of signals are used to empower the detection of user intentions
and conditions. This can increase the adaptability of the technological environment
to the individual explicit goals and implicit needs (based on spontaneous reactions
related to stress and emotions, for example).Accordingly,wecan foresee solutions for
both voluntary alarm calls and automated support calls, especially using autonomic
nervous system-related signals (like HRV and other physiological indices related to
stress, mood and emotion changes, or conditions like drowsiness) [69, 70].

Expanding the topic to hybrid systems that do not include brain signals (thus,
body–machine interfaces instead of neurointerfaces) for enabling the user to control
other systems, insightful opportunities can come from oculo-physiological interfaces
like the one in [71]. That solution is based on GSR-biofeedback and eye-tracking to
implement an accessible game design solution for people with severe motor impair-
ments. Such systems offer interesting opportunities for further combinations with
BCI solutions.

Overall, the assistive technologies based onBCIs are oriented to restore individual
autonomy in performing ADLs. However, neurotechnologies can also be used to
assist clinical activities like neurorehabilitation, as the next sub-section will discuss
with focus on motor functions recovery.
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3.3 Neuromotor Rehabilitation Technologies

Elderly people frequently suffer from brain injuries or neurological disorders (e.g.,
stroke) that result on motor dysfunctions and, consequently, affect their quality of
life and the possibility to perform even simple activities. Extended reality (XR—
the set of different combinations of reality and virtuality within the same setting)
[72] offers a large set of game-based solutions for supporting the neurorehabilita-
tion activities. The taxonomy of XR (e.g., virtual reality, augmented reality, mixed
reality) is furtherly discussed in this book—see the chapter titled “Video Games for
Positive Aging: Playfully Engaging Older Adults.” Mainly, virtual and augmented
environments increase patients’ engagement (also at neural level) [73] and, conse-
quently, their clinical adherence. Low-cost XR technologies offer digital tools for
neurotraining and neurorehabilitation of elderly [74] as described in the next sub-
section about cognitive processes too. In general, XR-based solutions like interac-
tive neurorehabilitation (INR) [75] systems enrich the therapeutic protocols with the
possibility to assess the patient’s movements and deliver an automated and, possibly,
adaptive feedback, guiding the motor learning and re-learning too.

However, general XR solutions are based onmultimodal feedback usually lacking
a kinesthetic physical guidance of the impaired limbs. This kind of activity would
be quite effective in engaging all physio-motor functions in any ordinary action.
Robotic systems can perform such a process for enhancing neurorehabilitation
[76], optimizing and speeding up the recovery of the patients, possibly in synergy
with XR systems [77], BCIs [78], and other solutions from neurofeedback [79] to
neuromodulation [80] (discussed in next sub-section).

These intelligent mechatronic systems work as neurotechnologies because they
assist exercises that actually shape the nervous system of the patient to restore its
functions interactively, according to the live processing of motor data and to training
protocols based on neural principles (e.g., plasticity) [81]. Rehabilitation robots can
be classified as exoskeletons or end-effectors.

Exoskeletons are designed for coupling and aligning the mechanical joints to the
human ones. They influence the limb motion through the control of the position and
the orientation of each joint. Examples of upper limb exoskeletons are: ARMEO
Power [82], UL-EXO7 [83], Pneu-Wrex [84]. On the other hand, examples of lower
limb exoskeletons are: Lokomat [85], Ekso [86], Twin [76, 87].

End-effectors are robotic devices designed to mechanically constrain the distal
part of the human limb (e.g., the hand), which adapts to robot motion. Examples
of upper limb end-effectors are MIT Manus [88], Braccio di Ferro [89], Wristbot
[76, 90]. Furthermore, examples of lower limb end-effectors are Haptic Walker [91],
G-EO Systems [92], hunova (depicted in Fig. 3) [93].

The clinician can choose between the two types of robotic technologies (exoskele-
tons or end-effectors) depending on the severity and specific features of the neuro-
logical impairment. For instance, if the residual functionalities of the patient are
extremely low, exoskeletons could be more appropriate to apply forces to each joint.
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Fig. 3 Features of the
hunova robotic platform
include valuable solutions
for neuromotor rehabilitation
(especially effective for
elderly) with
diagnostic-prognostic
functions too (e.g.,
predicting the risk of fall).
Photograph: a patient on
hunova. Courtesy of
Movendo Technology. www.
movendo.technology

Conversely, end-effectors could be more effective to deliver patterns of forces able
to exploit the redundancy of the human body, and thus speeding up the recovery.

Overall, these robots have key capabilities in assessment and training. Indeed,
rehabilitative robots enable a reliable quantitative functional assessment of the human
neurological conditions in order to optimize the patient’s chance of recovery [94,
95]. Thus, they offer objective and repeatable outcome measures on the progress
of the recovery [96] for increasing the efficiency of patients’ care. Furthermore,
these robotic systems effectively promote the patients’ recovery, according to their
residual abilities, through different control strategies [97] based on the latest findings
on neuroplasticity too. Training modalities can be robot-driven or patient-driven.
Especially useful are the active assistive training modalities, helping the participants
to move their impaired limbs according to the desired postures during grasping,
reaching, or walking, reflecting the strategies of physical and occupational therapy.
Specifically, the assistance-as-needed is widely employed because it reduces the
patient risk of relying only on the robot to accomplish the rehabilitative task.

http://www.movendo.technology
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Recent randomized controlled trials aim at demonstrating the effectiveness of
robotic technologies in elderly neurorehabilitation programs [98–102] that can also
employ EEG and NIRS solutions [103]. However, most examples presented so far
tended to show cases of neurotechnological aids oriented to help conditions that
typically affect heterogenous groups of people, without specifically targeting older
adults. On the other hand, the next sub-section will present another set of system
that can be advantageous for people of any age, even if, frequently, the literature
specifically focus on their benefits for seniors.

3.4 Neurotech for Supporting and Improving Mental
Well-Being and Functions

The different kinds of frailty in seniors impair their psychosocial balance and their
possibility and desire to be active, facilitating the emergence of different types of
mental issues. Thus, the need of caring for older adults’mentalwell-being is a priority
for the healthcare system. Accordingly, neurotech can contribute in monitoring and
stimulating fundamental aspects of the individual life like positive affective states.

For instance, we can talk about biofeedback when live biosignals visualization
is designed to be observed by the subject within a closed-loop, enabling the self-
regulation of biological variations [104]. Biofeedback is traditionally adopted to
display cardiovascular and respiratory indices for training a person in their control,
mitigating stress, easing relaxation or emotion regulation, with impact on autonomic
nervous functions like sleep. Biofeedback can be empowered by advanced visualiza-
tion systems like virtual and augmented reality [105, 106]. They can also be based
on wearable and mobile low-cost equipment for detecting and displaying (through
different sensory modalities) biosignals [107, 108].

Considering age-specific issues, a HRV biofeedback-based sleep improvement
(BBSI) [109] was used to help elderly Korean women with overactive bladder
syndrome (OAB), mitigating the effects of urinary symptoms and sleep issues.
Biofeedback solutions were also implemented for improving the balance of elderly
[110] through a smartphone used as a sway sensor. Accordingly, feedback on the tilt
of the torso was provided by a screen and a haptic device.

However, biofeedback systems typically target autonomic nervous functions regu-
lation through peripheral biosignals display. When neural signals are directly used,
we refer to neurofeedback, implemented through techniques likeEEG [111] or fNIRS
[112] to empower cognitive (especially attentional) processing through training.
Neurofeedback constitutes an example of neurointerface system connecting neural
signals to (display) devices.

Overall, biofeedback can support therapeutic activities in mental health domain,
as in cases of anxiety and depression of elderly [113]. Particular attention must be
paid to design engaging andmeaningful solutions—musical neurofeedback has been
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used to treat depression in older adults [114]. Such systems enable both activities of
prevention and treatment of psychological issues.

In particular, they can target the improvement of the cognitive skills during healthy
senescence for maintaining the individual autonomy, self-efficacy, and well-being.
This can even compensate the general sensorimotor impairments caused by aging and
delay the impact of mild or severe mental decline. According to the same principles,
these systems can also contribute to elderly cognitive neurorehabilitation, especially
through XR and game-based settings [115, 116]. These settings can engage the indi-
vidual (even in terms of specificmental processes) in meaningful tasks that can simu-
late different real-life activities (usually targeted by occupational therapy) in a safe
and ecologically valid environment [117]. Furthermore, literature suggests how it is
possible to shape the nervous system through cognitively challenging training solu-
tions that elicit brain plasticity in VR settings with clinically relevant improvements
[118].

Similarly, a certain degree of neurocognitive changes could also happen through
low-cost engaging video games (even on commercial portable platforms) like
exergames that can work as mental and social stimulation methods while they
promote physical activity [119–121]. They can enhance the cognitive processing
speed and (executive functions, attention, and working memory) performance in
healthy and pathological senescence [122–125]. This approach can also be empow-
ered by solutions that directly access biosignals in closed-loop setups for neurofeed-
back [126] and other types of BCI [127], possibly based on low-cost equipment [62]
and on engaging virtual environments [128].

In any case, the effectiveness of brain trainings is still debated [129], even if
it could depend on issues in senior-centered game design, as pondered in this book
within the chapter titled “Video Games for Positive Aging: Playfully Engaging Older
Adults.” Engagement requires an appropriate design, especially based on challenging
tasks in meaningful settings [130] instead of non-entertaining patterns.

Interestingly, the effects of neurotraining are not limited to the cognitive
processing: they can also holistically involve the psychophysiological health of the
older person. For instance, the Healthy Brain Ageing Cognitive Training (HBA-CT)
program [131] improved the cognitive functions, themood, and the sleep functions in
seniors at risk of dementia. This suggests the adoption of such a system as secondary
prevention strategy.

Considering the most recent advances in neurotech, we need to discuss the oppor-
tunity of a more direct approach to assist the nervous system, optimizing neuro-
training too. Neuromodulation [132] techniques offer such a solution. They are based
on reversible, adjustable, and non-destructive procedures of electrical, mechanical,
or chemical modification, inhibition, stimulation, regulation, and therapeutic alter-
ation of the nervous system. It can be used for managing problems like chronic pain,
movement disorders, psychiatric disorders, epilepsy, dysmotility disorders, disor-
ders of pacing, spasticity. Among these techniques, transcranialmagnetic stimulation
(TMS), transcranial direct current stimulation (tDCS), and transcranial alternating
current stimulation (tACS) are based on devices altering the electrical activity of the
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brain by means of applied magnetic field or electric current delivered non-invasively.
Importantly, tDCS and tACS can be designed as portable devices [133].

The variety of neuromodulation applications potentially useful for elderly—
from improving stroke rehabilitation [134] to promoting brain plasticity through
neuromarker-driven neuromodulation [135]—highlights how fertile this approach
can be. Indeed, neuromodulation systems can be developed for: managing drug-
resistant chronic pain in elderly [136] and other disorders that could be resistant
or dangerous to treat pharmacologically, as in some cases of geriatric depression
[137], coping with autonomic issues in urinary functions [138], treating geriatric
mood and cognitive disorders [139], predicting the progression of mild cognitive
impairments to dementia [80]. The potential of neuromodulation in mitigating the
cognitive decline in healthy senescence is still debated and investigated [140].

Interestingly, neuromodulation systems also include widespread solutions like
cochlear implants [141], which are the most typical example of neuroprosthetic
systems [142] for elderly because of their capability to augment and substitute
the functions of a neurosensory apparatus. Overall, neuroprosthetics [143] embrace
devices that can restore or replace a damaged motor, sensory, or cognitive system. In
the last case, they are considered advanced examples of cognitive prostheses, which
can also be solutions without any biosignal collection feature: for instance, they can
stimulate the memory of older people through experiences like the visual exposure
of salient stimuli [144] or the assistance of a robot companion [145].

Neuroprosthetic systems can be non-invasive likeEEG-BCIs [146] or invasive like
the deep brain stimulation (DBS) neuromodulation systems [147]. Such advances
are developed within domains like cognitive neuroengineering, neurobionics, and
human augmentation [148–151]. Overall, neuroprostheses can target both people
with neurological conditions and healthy individual that aim at performance enhance-
ments. In particular, neuroenhancement technologies [152] can already provide
elderly with promising and safe instruments for assisting their independence through
the improvement of their capability to acquire novel skills. Overall, the promise
of restoring, replacing, or enhancing lost cognitive skills depends on research and
development. However, “futuristic” applications of neurotech, potentially shifting to
neuro-gerontech, are moving outside the laboratories, for instance as consumer-level
tDCS systems [153].

This section presented examples of potential and actual neurotech for elderly. The
next section will describe possible routes for innovation in this field, considering the
fertile crossing with recent human-centered trends.

4 Perspectives on Neuro-Gerontech Design

Neuro-gerontech design and development must match the elderly needs in real
contexts [154] for assisting seniors in daily and clinical activities. Such processes
should follow the approach of translational research, especially in clinical domains
[155]. Indeed, translational research can ignite the transfer of the laboratory
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results to real-world applications [156]. Furthermore, translational studies should
adopt ecologically valid settings [157] for reaching a high technology readiness
level (TRL)—an estimation of a solution maturity (e.g., about smart homes for
elderly) [158]. This approach is favored by technology transfer activities, supporting
researchers to make their investigations outcome become a real product, especially
for a growing market of users like seniors. Such a process is extremely valuable,
and it requires an appropriate educational path for scientists [159]. However, the
needs of people with fragilities should guide and drive the technological research
from its very early stage in laboratory. This effort keeps the balance between the
bravest research explorations (generating innovative concepts) and the market access
perspective (maintaining the guidance of user needs).

Interestingly, neurotech can become a senior-centered innovation factor to
improve the usability and accessibility of other devices [160]. Indeed, they can
enable people with impairments to control daily use technology through alterna-
tive and augmentative options based on the detection of their will and spontaneous
reactions. Considering these peculiarities, neurotech-empowered devices should be
considered as neurotechnologies too.

The upcoming sub-section will discuss senior-centered design perspectives.
Subsequently, the last sub-sectionwill present opportunities offered byDigitalHealth
and IoT in this context.

4.1 Toward Senior-Centered Design

The collection and analysis of user requirements are necessary to guide the user-
centered design and the acceptance of any device, possibly within a co-design [161]
based on the contribution of all stakeholders. In particular, user experience (UX)
experts [162] are key figures in this process, considering the expectations and the
reactions of the users to characterize and predict the behaviors that will occur during
the interaction with a device. This is a premise to interaction design, which shapes
the user activity through affordances and constraints.

Such a perspective helps the developers to create technologies that will be
employed by the users as expected by the clinician or the researcher who planned
a certain task for them. For instance, the design of a rehabilitative exercise medi-
ated by a technological device should also include solutions to holistically engage
the patients and their skills to improve the clinical (and experimental) compliance.
These skills do not include only the ones targeted by the treatment, defined by the
experts who planned the tasks: the processes of perception, cognition, and action that
sustain any activity must be considered to design the interaction required in those
tasks (a duty of user-centered design experts).

Furthermore, this approach is advantageous during all phases of the iterative
and participatory processes of usability engineering [163] based on international
standards for products like medical devices. Accordingly, it is advisable to intertwine
the tracks of translational research in academic, clinical, and industrial contexts to
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allow the user needs to guide technological design. Disciplines like neuroergonomics
offer great opportunities in this convergence.

Indeed, neuroergonomics [8] investigates the human nervous system in daily life
contexts to improve the user-centered design of interaction technologies. Thus, it
offers a set of methodologies for adjusting neurotech to elderly needs and, simul-
taneously, to study the aging brain through ecologically valid data collected, for
example, by means of wearables and environmental sensors.

This approach can reveal, for instance, how horticultural leisure activities (e.g.,
washing leaves, sowing seeds, transplanting plants) in ecologically valid settings
improve the neurophysiological processes (evaluated through a portable EEG
headset) and the emotional stability of elderly people [164]. This observation
can suggest to implement horticultural simulated scenarios for cognitive stimula-
tion or rehabilitation, or automated reminders that propose certain activities when
wearable sensors reveal a fall in mood. Overall, this study highlights the impor-
tance of including exercises similar to meaningful and engaging activities in (often
tiresome and demotivating) procedures (e.g., laboratory experiments, training and
rehabilitation protocols, device calibrations) in order to collect consistent data.

Feedback design is another aspect that should be cared for: as example, VR neuro-
feedback can trigger positive reactions in healthy seniors, while the same system can
raise both positive and negative consequences in neurological old patients experience
[165]. Thus, it is difficult to find a unique solution for this heterogenous population:
the increasing number and variety of impairments require appropriate design choices.

However, a starting point is compulsory, and it should be the investigation of
healthy older adults’ needs for appropriately designing interaction technology (e.g.,
they constitute an under-represented category in AR studies, and commercial AR
systems are typically not designed for them) [166] in general, and neurotech in
particular. Unfocused design of neurotech can lead to issues like BCI illiteracy.

BCI illiteracy [167]—about 10–25% of users are unable to achieve an effective
control of a neurointerface—is a challenge that must be faced in case of elderly users
too. Seniors are typically annoyed by flickering lights used during the calibration
of certain types of EEG-BCIs like the ones based on steady-state visual evoked
potentials (SSVEP). They are also sensitive to difficulties in gaze shifting. Another
EEG-BCI paradigm, based on the detection of motor imagery (MI), can be complex
for elderly because of an age-related decrease in lateralization of the hand motion
cortical representation, which summons an excessively widespread brain activation
in terms of both spatial distribution and frequency domain.

In this case [168], solutions like using motor execution of a limb to generate a
classifier of MI is an effective strategy, especially when the motion of a paralyzed
limb can be passively generated through the assistance of a robot. A “robot-assisted”
BCI is a solution that can provide kinesthetic feedback (possibly based onmeaningful
everyday actions like pressing a mouse button actually controlled by the BCI instead
of a finger) that reinforces the gap between imagery and execution, as explored in
laboratory studies [169].

Neurotech (BCIs in previous examples) literacy in general is a factor that must
be pondered within the wider problem of technology acceptance in case of senior
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users [170, 171]. For instance, wearable devices acceptance in elderly [172] can
be predicted according to performance expectancy, functional congruence, self-
actualization, hedonic motivation, and the influence of social context. Thus, we
could expect that these factors can become relevant in neurotech acceptance too,
overall. Further investigations specifically on neuro-gerontech acceptance should be
performed, taking also account of design concepts that can enrich neurotechnology
itself, like game features [173] or tangible user interfaces (TUIs) [174], which can
improve the engagement and the acceptance of elderly. In this case, haptic feedback
can also enhance the effectiveness of neurointerfaces [175], especially considering
the role of bodily representations in their control [176] and the senior-specific changes
in embodiment processes [177].

These suggestions should be adjusted to the large variety of elderly patients with
mild-to-severe conditions: as highlighted above, each specific impairment requires
an appropriate set of interaction design choices.

Finally, neurotech ethical issues [178] cross the ones raised by gerontech [179],
including topics like the relationship with a machine that can “crack minds” [180]
and the pragmatical concerns for privacy and data management. Most guidelines
and recommendations on a value-sensitive design (VSD) [181] of interaction tech-
nologies and, specifically, on a responsible development (and commercialization)
of neurotech [182] can be extended to neuro-gerontech. However, further investiga-
tions are necessary to catch the specificities of the senior-centered systems based on
neuro-data. Special attention should be paid to neuromodulatory systems, including
the invasive ones like DBS, which could be considered a totally invisible factor influ-
encing one’s agency (affected by non-invasive brain stimulation techniques) [183]
or personality [184].

However, the potential of neuromodulation for helping people with neurodegen-
erative diseases [185] needs appropriate research policies [186] to counter the skep-
ticism on these techniques. “Neurorights” were proposed [187] for data privacy,
security, and consent to enable the users’ control on the information collected by
neurotech. Interestingly, ethical investigations also proceed in (possibly) futuristic
scenarios analysis, as in [188]: the authors discuss if neurotech-based augmentation
can include the “diminishment” of a skill or function, like altering our capability to
feel pain or discomfort. This is acceptable to manage specific illnesses, yet debatable
when in absence of a medical need.

Considering such general issues, next sub-section will depict the opportunities
offered by potentially disruptive innovations that could empower neuro-gerontech.

4.2 Personalization, Digital Biomarkers, Internet of Things
and Minds

Personalization [189] can be a precious feature for all gerontech in order to match
the individual needs of any specific older person. Neuro-gerontech can push forward
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such a function through the interpretation of the user’s will and conditions according
to big data managed by Digital Health technologies [190]. Digital Health solutions
(resulting from the convergence of platforms aiming at the improvement of health
and healthcare services) [191] improve the efficiency, quality, safety, and costs of
elderly cares [192].

Within Digital Health, Digital Therapeutics (DTx) [193] software systems consti-
tute a set of evidence-based interventions on medical conditions preventions and
management. The “digital active ingredient” (a diagnostic or therapeutic activity)
and the “digital excipient” (the technological instruments that engage the users,
enhancing their clinical compliance) of DTx low-cost solutions can be implemented
in systems like mobile apps or video games. Such systems can target the manage-
ment of conditions like dementia [194] or diabetes [195] even by means of remote
monitoring and interventions of the caregivers [196] or of virtual agents designed to
work as health coaches for elderly [197].

In particular, through the connection with wearable and environmental sensors,
DTx can enable both diagnostic-prognostic and personalized therapeutic processes
alongside translational research activities. This mirrors the medical approach of ther-
anostics [198], based on the simultaneous or coordinated use of methodologies for
assess and treat a pathological condition. For instance, recent studies [199] used
AR perturbations and EEG recordings to find the contribution of inefficient central
modulation to the risk of fall in older adults without neurological issues.

This outcome can be considered an example of digital biomarker [200]. Digital
biomarkers are constituted by quantifiable medical signs generated during the inter-
action between user and device. They are exploited as indices of healthy and patho-
logical processes or of therapeutic outcome, enabling predictive and personalized
medical strategies. For instance, digital biomarkers on the nervous system conditions
(digital neuromarkers) can be used to identify and distinguish (via artificial intelli-
gence systems) dementia conditions and MCI [201, 202]. Another example can be
based on the usage of neuroimaging data for evaluating the outcome of VR train-
ings [203]. They can also derive from peripheral biosignals analysis for detecting
and predicting the mood changes in telemedicine settings [204] or the results of
neuromotor tests through robotic platforms of rehabilitation to predict the risk of
falls [205]—making such a robot a theranostic machine with dual (therapeutic and
diagnostic) functional value.

This approach leads to personalized medicine interventions, which also are the
goal of rehabilomics [206], a discipline that aims at translating biomarker research
to healthcare according to the analysis of multidimensional data for selecting and
adjusting rehabilitative procedures to each patient. Technology-based measures (as
the ones collected by rehabilitation robots) can also contribute to this process [76].
Such an observation makes us envision the potential role of digital biomarkers in
rehabilomics, suggesting further developments not only in terms of their investigation
during technology-assisted neurorehabilitation, but also during the usage of any
assistive device. We can call this approach “assistomics” (focusing on the assistive
role of technology in clinical and daily activities).
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Fig. 4 Example of data-driven infrastructure for BCIs within a distributed personalization
ecosystem designed for assistive/rehabilitative technology users

This is also suggested by studies that show how the progression of a medical
condition can impair the usage of systems like a neurointerface [207]. This way,
any device used by a person can become a source of predictive information on the
individual in order to improve: the system capability to respond to user’s commands
and needs, the medical understanding of the progression of health conditions, the
personalized care plans (Fig. 4). In this scenario, neuro-gerontech can become a key
element to collect, interpret, and exploit such information.

Accordingly, the example in Fig. 4 highlights the possibility of a cloud platform
of BCI user models designed to interpret biosignals for controlling devices and for
predicting potential changes in individual conditions. Thesemodels could be updated
according to the data from different users and different controlled technologies.
Such data would be used to improve the capability of each BCI to interpret the
information provided by any user in any context, providing features of generalization
and personalization. Then, these models could update the resulting software of each
BCIwithin a network. This vision needs the potential of IoT as source of ecologically
valid and rich information for neurotech.

Overall, IoT connects different devices within an environment or remotely. Such
devices are able to act for the benefits of an individual, especially in case of older
adults in smart home contexts to personalize the elderly monitoring and care [208–
210]. IoT solutions are quite versatile in connecting different technological solu-
tions—for example: environmental, mobile, and wearable sensors [211] in ambient
assisted living (AAL) settings, XR systems [212] for serious game-based telerehabil-
itation [213], Digital Twin models for context-aware IoT healthcare systems [214].
Nanotechnology-empowered IoT systems (Internet of NanoThings, IoNT) are envi-
sioned toowithin the Internet of Everything (IoE) general framework [215]. Recently,
the advantages of IoT in distance cares for seniors were highlighted during the boost
of tele-health and telemedicine advances caused by the distancing policies due to the
COVID-19 emergency [216, 217].

IoT, and especially the Internet of Medical Things (IoMT) [218, 219], is highly
compatible with wearable neurotechnologies [220]. This domain embraced studies
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on various topics like: the use of systems for emotion recognition [221], the debate
on ethically critical issues on data protection and “Cognitive Privacy” [222], the
predictions on their joint impact on the market in terms of Neurotech-enabled IoT
(NIoT) [223]. Pervasive and invisible (thus, ethically critical) systems based on both
neurotech and IoT processes enable, for instance, ubiquitous biofeedback for relax-
ation [224], brain training games [225], assistive neurointerfaces to control home
devices [226]. Further progress [220] in this domain will require the development
of low-cost, energy-efficient, privacy-aware, and pervasive wearable neurotech that
should be designed for the benefit of elder people, also exploiting the recent advances
in 5G wireless systems.

Interestingly, all potential advances in neurotech-based IoT constitute multiple
opportunities for enabling a true “human-centeredness” (and, in our case, the senior-
centeredness) of everyday devices and systems spread in our environment.

Indeed, a neurotech-based IoT can make daily use devices truly human-centered:
a pervasive network of intelligent systems adaptively interpreting a person’s
commands, reactions, and needs can constitute a step-change to properly serve human
beings according to their fragilities with personalized aids.

Such a perspective makes us adopt the term of “Internet of Things and Minds”
(IoTM) to highlight how the devices become “aware” of the current individualmental
states according to psychomotor and psychophysiological indices in a certain context.
Such continuously collected information can also be used as digital biomarkers for
assistomics and as data for longitudinal neuroscientific studies in ecologically valid
settings.

In the hypothetical scenario of Fig. 5, IoTM learns how to interpret and anticipate
a user’s will and feelings according to a day-long data collection and analysis. This
personalization process is enhanced by a central cloud platform like the one in Fig. 4.
Such a system learns how to shape general IoTMmodels based on big data collected

Fig. 5 Contextual elements (e.g., lights, activation of distractors) adapt to the explicit commands
and the implicit reactions and conditions (e.g., mood changes) of the user of almost invisible
wearable neurotechnologies (e.g., biosensors in a couple of earbuds and in a headband under the
hair). The remote central models learn from data on different people
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from different individuals in possibly similar tasks and contexts. This would improve
the robustness of generalization and personalization capabilities in the neurotech-
based IoT solutions.Nevertheless, not all people in this scenariomustwear neurotech:
the system would also rely on heterogenous indices that will be correlated anyway
with the ones of neurotech users.

The approachwe depicted needs further investigations for being properly adjusted
to the needs of elder people, but it can be extended to help any person with impair-
ments or disabilities. However, it constitutes a potential set of new ways to handle
their difficulties, especially considering how the IoTM framework can collect clin-
ically relevant and ecologically valid data from any assistive devices as part of a
Digital Health platform, help to identify digital biomarkers, and provide systems for
personalized assistance and treatments.

5 Discussion

The chapter described actual and potential neuro-gerontech.We suggested how novel
trends in interaction technology, especially in personalized medicine domains, can
offer fertile opportunities to improve the impact of neuro-gerontech. Exemplary
trends encompass Digital Health and IoT with a focus on collecting and analyzing
data. Such data enable the identification of digital biomarkers and the personalization
of the device functions alongside the assistance and the treatments for older adults.
The interaction of elderly with solutions for technology-assisted rehabilitation and
with assistive devices can become a source of ecologically valid diagnostic and
prognostic information to personalize the device activity while they enhance our
understanding of the current conditions of the elderly user and of any user of assistive
solutions (what we labeled as assistomics).

We foresee how the personalization features in IoT frameworks for elderly cares
can be revolutionized by the introduction of neurotech. A neurotech-based IoT can
detect the commands and the cognitive and affective reactions and conditions of elder
people for adapting and adjusting the surrounding technological ecosystem to the
individual needs. This solution can drive a true human-centered (and senior-centered)
step-change thanks to pervasive neurotech that can establish a continuity with the
human nervous system, making an IoTM emerge.

Such an observation becomes even more important if we consider how certain
problems can be pervasive too in the daily experience of an elder person.We certainly
think about the difficulties in performing activities of daily living or therapeutic exer-
cises, but this is also the case of restless conditions with drug-resistant chronic pain,
which are among the targets of neurotech research. Thus, IoTM offers a pervasive
(and versatile) approach to handle pervasive (and diversified) problems.

IoTM can feed diagnostic and prognostic systems with ecologically valid data,
according to the perspective of neuroergonomics. This would be advantageous for
translational research on the aging brain in real-world settings, contributing to define
senior-centered design principles. It must also be noticed that, even if in this chapter
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we mainly focused on health-related issues, this digital ecosystem should also
embrace solutions designed for the self-expression of each older person through
meaningful activities, possibly in inclusive settings (which, on the other hand, have
a positive impact on health itself).

Overall, an IoTM can become a beacon for connecting heterogenous tools that
should help people according to their difficulties and disabilities. This is especially
true for older adults, whose needs require an appropriate participatory design of
neurotech, making it become efficient and acceptable as neuro-gerontech. Obviously,
the progress in interaction technologies will create further opportunities alongside
ethical issues that must be faced for making neuro-gerontech a key advance for the
well-being of each person along the life cycle, toward a positive aging.

6 Conclusion

This chapter presented sample applications of neurotechnologies to the needs of
older adults for improving the quality of their life. The exploitation of their potential
on this specific (and heterogenous) category of people makes us label the described
neurotech-empowered systemswith the term neuro-gerontech. This termwas defined
to emphasize howsuch solutionsmust be primarily designed formatching the require-
ments of aging people when they target the improvement of seniors’ conditions and
activities.

We also proposed innovation opportunities for neuro-gerontech development
within the data-based frameworks of Digital Health and Internet of Things. Such
approaches can lead to personalization in device functions, cares, and services for
seniors and, in general, for any person with fragilities that require an appropriate
adjustment of settings and devices to deal with multiple difficulties.

Simultaneously, they can become a bridge between research laboratories and the
seniors’ contexts. These connections would generate a continuous flow of informa-
tion that can improve our understanding of the neural aging processes, both healthy
and pathological, while we improve the quality of older people’s life.
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Attention-Aware Recognition
of Activities of Daily Living Based on Eye
Gaze Tracking

B. G. D. A. Madhusanka, Sureswaran Ramadass, Premkumar Rajagopal,
and H. M. K. K. M. B. Herath

Abstract Eye movements are essential in comprehending the environment. Users’
attentionmaybe directed via eye gazing,which can enhanceHuman–Computer Inter-
action (HCI). Gaze estimation can make HCI more natural in a non-intrusive way.
For example, tiredness detection, biometric identification, illness diagnosis, activity
recognition, an estimate of alertness level and gaze-contingent display are all possible
uses of eye-tracking. It’s been available for decades, but it’s not been widely used
in consumer applications. The high cost of eye-tracking technology and the lack of
consumer-level applications are themain reasons behind this.When it comes toActiv-
ities of Daily Living (ADL), assistive robots may restore essential levels of indepen-
dence for the elderly and others who are disabled. Although people can communicate
their wishes in numerous ways, linguistic patterns and gaze-based implicit communi-
cation of intentions remain underdeveloped, such as bodily expressions or actions. In
this study, based on the eye view, a new, implicit, nonverbal communication paradigm
for HCI is introduced. Conventional gaze detection systems rely on infrared lights
and cameras with high-resolution sensors to achieve outstanding performance and
durability. But these systems need to be modified. Thus they are confined to labora-
tory research and challenging to apply in the real world. Here, we recommend that
the gaze be followed using a webcam. Using a webcam to obtain 2D coordinates,
we provide a practical visual monitoring framework based on models. This work
on the platform is intended to ease HCI and thus increase useful technology and
consumers’ privacy in their daily lives. The test results of this experiment indicated
that implicit human gaze patterns on visualized objects could efficiently be used for
contact with people’s intentions. Studies have also shown that it is simple to compre-
hend and use contact with the gaze. It is further suggested that the subject-dependent
eye parameters are calculated using a specific reference system. Finally, an implicit
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communication system formonitoring and interpreting purposes has been developed.
After understanding the user’s implicit intention to support the elderly with the action
of the eye-gaze, the device can distinguish the activities/requirements required from
the home environment. Finally, to direct caregivers to deliver the correct service, the
implied purpose may then be used.

Keywords Activities of daily living (ADL) · Eye-gaze tracking · Gaze-based
communication · Human–computer interaction (HCI) · Implicit intention
inference · Webcam

1 Introduction

Nowadays, supplementary homes are employed regularly to provide the elderly who
reside in these places’ security, reassurance, and health assistance. The older people
feel assured that they are doing their day-to-day work in such an atmosphere, as
devoted employees provide 24/7 services during an emergency [1]. To enhance care
services in supplementary care homes, nine distinct premises of the additional care
home provider included in this study project have been provided with a monitoring
system consisting of various kinds of non-intrusive sensors. This technique was not
used to monitor seniors who have a specific sickness or problem with their health.
However, data relating to daily life activities mainly were collected (ADLs). For
example, volunteers facing a hearing, visual impairment, physical disability, diabetes,
and other problems facing the project [2]. The distinction of the medical issues may
change how anyone conducts ADLs as normal and abnormal conduct, which impact
their detection, might be characterized differently in each scenario [3]. Identifying
unwanted actions/conduct that can influence seniors’ well-being considers various
rooms of a particular care facility inspected. Thus, ADLs are monitored: (i) toilet and
personal toilet, (ii) breakfasts, (iii) lunch breaks, (iv) evening meals preparation, (v)
sleep preparation [4]. It should be noted that we evaluate these ADLs, which occur
on a regular day in many or similar cases [5].

Human–computer interaction provides tailor-made help for various applications,
including e-health and monitoring [5]. For several computer science companies,
identifying human activity is an important study field. Human activity systems may
now be defined by feature extraction as either a standard or a deep model. A conven-
tional means of handling the problem of identifying the human activity is based on
hand-made descriptors of functions divided into three types: local features, global
characteristics and the two combinations [6–8]. The international aspects of the
picture describe it as representing the whole spectrum of human body movements.
Numerous commercial and non-commercial eye-tracking technologies are available
to detect human activities in ADL. Several of them are costly or incorrect in real-
world situations, and some need deliberate, time-consuming user calibration [9].
As a tip, current eye-tracking research focuses on constructing profound learning
eye-tracking systems that do not require explicit human calibration [10].
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Eyemovement has been studied and recorded for over a century [11],withmethod-
ologies ranging from artificial observational methods to mechanical techniques,
power techniques, and optical approaches [12]. In recent times, computing eyemove-
ment was adopted as a dominating method in many disciplines, such as cognitive
science [13, 14], psychology [9, 15], medical diagnosis [16], identity authentication
[17, 18] and eye-based interactionwith the computer [17, 18]. Computer-based vision
systems are less complicated, more intricate, and easier to operate. Eye-tracking and
eye movement analysis have traditionally been applications that focused on eye
movement. The gaze estimate and identification of important eye motion types are
used for eye movement analysis [19].

According to Wong et al. [17], the current gaze estimation taxonomy includes
feature and appearance-based techniques. The most often used gaze estimating
approach is the feature-based technique, which removes gaze-related local elements.
The approaches utilized based on components may be classified as corneal reflection
or form-basedprocedures, dependingonwhether external light sources are employed.
Tobii [20] and SMI [21] eye trackers have been successfully deployed using several
cameras and IR LEDs. This technology is exact since the pupil centre and glint can
be rapidly retrieved to calibrate the mistakes caused by head movement. However,
their challenging calibration, expensive cost and poor health consequences mean that
IR light is inevitable.

IR light systems are also unstable for outdoor applications [22]. Shape-based
approaches with precisely reconstructed pupil, iris, and eyelid edges [23, 24] are
imprecise [25–29] and required sufficient picture quality. On the other hand, the
pupil and the shine are usually missing from webcam films. Camera calibration
or geometry data, in general, is not needed for appearance-based approaches [30,
31]. Instead, the visual content is employed to assess the function underneath for
the gaze points or direction of the gaze. Although this approach is more adaptive
to head movements and has low accuracy, it is more vulnerable. Recently, deep
learning has emerged as a viable answer to applications for computer vision which
has significantly improved performance [32].

A typical deep learning technique, Convolutional Neural Networks (CNNs), have
been widely studied and utilized in recent years in computer vision, natural language
processing, and voice recognition [32]. Convolutional and subsampling layers of
CNN’s feature extractor extract implicit features from training data automatically,
eliminating human feature selection requirements. To counteract this problem, CNN
has adopted the empirical risk reduction concept, which is infamous for overfitting
and requiring large training sets [33].

During a period in which profound learning is booming, gaze estimating models
based on CNNs are becoming more popular and common. It gained popularity when
Akinyelu et al. [32] successfully used it to classify handwritten numbers. Several
domains, including computer vision [34–39], voices recognition [40], and language
modelling [41], have been effectively applied in CNN models. They are ideal for
large-scale data collections. CNN models can map picture properties like pupils and
glint positions without hand-designed features to viewpoints directly [42]. Thus,
CNN can obtain higher performance on gaze assessment to learn representations
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from enormous quantities of data. The multimodal, in-the-wild, CNN gaze dataset
technique has been suggested by Lemley et al. [43]. A comprehensive moving eye-
tracking systemhas been createdbyLiaqat et al. [44]. In the trainingofCNNmodels, a
large datasetwas used,which significantly decreasedmistakes. These techniquesmay
be used with any head position in an unconstrained ADL setting since the profound
and multimodal networks and large-scale training datasets are used. The precise
estimation of these methods is, however, insufficient for eye-based human–computer
interaction [45].

Precise gaze estimation is an essential guarantee for eye movement analysis tech-
nology. Although strong convolutional nets in low-cost and real-world gaze assess-
ments have progressed, the accuracy remains inadequate [46]. Many domains, like
the diagnosis of nystagmus or dyslexia, eye-based detection, tiredness detection, and
activity identification, do not need a gaze-point or direction to study eye movements
[47]. Instead, a mapping function should be accessible between the length of the
eye movement and a given activity or scenario. Time-varying eye movement data
may be utilized to examine eye movement without considering the eye and its asso-
ciated calibration. The advantages of moving away from a gaze-centred paradigm
are listed below [48]. (1) The gaze mapping error can be corrected. (2) Other eye
motion metrics (other than the iris centre, which is incorrect due to eyelid blockage)
can be used to compensate for an iris centre identification error. For example, the
broad width of the eye may be a helpful complement to pictures of low quality. (3)
Relative movement information is more straightforward to discern in low-quality
video interframes than estimated position, which may also be highlighted.

This research makes a significant addition by providing a learning methodology
for ADL-based CNN and Support Vector Machine (SVM) to identify home activities
[49]. As a result, numerous researchers have combined CNN and SVM, a method
based on structural risk reduction, to address challenges in various fields, including
handwriting recognition, human action recognition, and face detection. Compared to
CNNs used primarily for pattern recognition, CNNs used for regression estimation
are rarely documented, even less so for time-series signals. The proposed system is
trained and evaluated using a publicly accessible dataset. This chapter also recom-
mends a novel method for studying eye movement using a webcam. Feature points
are used to acquire eye movement information rather than computing the mapping
function, in contrast to the feature-based gaze tracking methodology. The specific
improvements are as follows as compared to [50–52] and include:

(1) The extraction of eye feature points is done using CNN-SVM, making the
detection results more precise and robust.

(2) CNN-SVM extracts eye movement features instead of using artificial extrac-
tion.

(3) Examining eye movement patterns now includes additional indicators such as
relative iris and pupil centre displacement and change in open width.

Experiments show that the recommended technique yields good results. The bene-
fits of the webcam-based methodology in terms of less intrusiveness, lower cost, and
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more straightforward operation are critical components for the widespread adoption
of eye movement-based applications.

2 Approach to Truly Affective ADL for Human-Centred
Design

In addition to ADL, ideas, goods, and services may be defined as combining modern
technologywith a social context to enhance the quality of life for persons at all phases
of life [53]. The quality of lifemight be seen aswell-being from an individual point of
view. In a person’s life, it has emotional, social, and physical characteristics. People
are social entities. Therefore, one of ADL’s fundamental duties is to make social
interaction easier [54]. This is achieved by implementing the effects, detecting, and
processing processes of a system (a general word used to include feelings, mood,
emotions, etc.). Affective data improves the capacity of a strategy to make sound
judgments and accomplish its aims by providing additional information to recognize
the situation and mediate communication.

Integration in ADL systems involves expertise in multiple domains, including
cognitive psychology, neurology, medicine, and computer science. In a subject such
as affective computing, this expertise was of essential relevance. It focuses primarily
on the research and development of recognizable systems and devices. In addition,
they analyze, analyze, and mimic human activity [54], which leads to considerable
research, algorithms, and processes in this field.

ADL apps aiming at helping older persons and young people live independently
and comfortably in their living environment (since health issuesmay impact anybody
at any age). However, living areas include user dwellings and diverse surrounding
settings, such as city streets, schools, stores, restaurants, and other sites. There-
fore, these individuals have mobility, social interactions, health care and knowl-
edge, and abilities connected to issue areas (e.g., mathematics) and needed for daily
living, such as eating and cleaning. Therefore, four ADL areas, including healthcare,
education (teaching/learning), mobility (trends) and social interaction, are evalu-
ated concerning the previously mentioned effective processes to satisfy increasing
emotional, physical, and mental demands in extended ADL contexts [55].

Eye movement is one of the most significant ways of collecting environmental
information to activate motor activity, allowing a person to function in ADL. They
are excellent markers of an individual’s interest and attentiveness. Eye-motion is a
natural aspect of our worldwide contact. The orientation of the viewmay indicate the
user’s concentration directly. Eyemovement implies a transfer of focus, and a lotmay
be revealed about his activities by following one’s look. This might be essential to
improve the connection between Humans-Computer Interaction (HCI), establishing
intelligent interfaceswheremachines canmore naturally recognize and communicate
with people [56]. Seamless and customized interaction is achievable if the computer
can identify the user’s identity, interests, intentions, context, and actions. While it
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has been there for many decades eye-tracking technology, has not been widely used
at the consumer level. To make eye tracking a ubiquitous technique, many problems
must be resolved. One of the main constraints which limit its use is the high cost
of commercially available eye-trackers. Another aspect that restricts applicability is
the reduced precision in real-world circumstances. Another problem is the lack of
consumer cases [57].

The goal of this chapter is to improve the visual monitoring of systems. To do this,
we have created programs for indoor and desktop contexts. We have created cost-
effective gauze tracking methods in realistic situations. Most eye-trackers already
in use need specific cameras and lighting systems, making the device more expen-
sive. However, using shelf cameras without extra hardware, low precision systems
may be constructed. The exactness for each application is different. For example, a
somewhat low-precision eye tracker would provide the ability to locate the general
area of the game. However, computational processes and spatial resolution could
need applications such as biometric identification based on eye movements. The cost
of eye-tracking should thus be reduced so that technology is everywhere. For this
purpose, we propose constructing a camera eye tracker that can be used with Python
without extra ADL hardware.

3 Materials and Methods

3.1 CNN-SVM Classifier Training for Visual Attention
Detection

Since the CNN approach is popular in various other domains, we’ve chosen to use
it for activities in a frame-by-frame fashion. An additional benefit of CNNs is that
they reduce the number of parameters and connections needed during the artificial
neural network training phase. Visual attention detection remains an open research
problem that necessitates exploring novel techniques andmethodologies that improve
recognition accuracy, processing time, and computational complexity. As a result,
this study proposes a framework for visual attention detection using a hybrid CNN-
SVMarchitecture. This paper usesCNN to extract features fromdifferent face images
from the 300-W IMAVIS (image and vision computing) dataset [58]. These acquired
characteristics are then sent into the proposed visual attention detection experiment’s
SVM classifier. Human actions are shown in each of the frames included in the video
[59]. Extract from the raw RGB video frame the main characteristics. They have
been used in a pre-trained deep CNN architecture with pretrained parameters in these
trials. In the 300-W IMAVIS face dataset, a broad diversity of identities, emotions,
light situations, location or occlusion were made utilizing 600-imagery pictures (300
indoor or 300 outdoor). Using a deep CNN network design, a probability vector for
each input frame is created to reflect the likelihood of the different items in the frame
[59].
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A CNN model with pre-trained IMAVIS 300-W database parameters is used to
extract light and precious video frame residual properties in each video sequence. The
architecture consists of several CNN three-layered blocks, consisting of small, 64 ×
64 kernels, 128× 128, 256× 256, 512× 512, and finally 512× 512. This network is
supposed to receive an input of 292× 292 pictures followed by a fully interconnected
[60] layer. The display of the features gathered from a pretrained repeating model
is the resulting vector from the final bundling layer. Although the data are relatively
small, this technique lowers the time needed for training and prevents the data from
being overpowered with the correct weight. However, the last layer of the selected
CNNmodel is a classification layer in the proposed study. The output of the previous
layer is a framework in the categorization process. The SVM classifier was used
instead of the deleted layer to predict human detection of visual attention. Figure 1
shows the architecture of the suggested model for detecting visual attention.

It is a machine learning approach that excels other classifiers in terms of discrim-
inating between various classifications. Since it’s used to treat tiny datasets and
significant areas, we choose it for our inquiry. The concept behind employing a
supervised learning methodology with SVM is that the best hyperplane for dividing
feature space may be used. While training, the SVM uses vectors generated in the
high-dimensional area to identify the training dataset. The training data is moved
to a new vector space when the collection of training data is not linearly separable.
With sufficient training data, SVM delivers reliable and effective results.

Fig. 1 The architecture of the proposed visual attention detection model
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3.2 Implementation Details

Python was used for the profound CNN model. This technology is based on the
NVIDIA GeForce 930 M (2 GB DDR3), 8 GB DDR3 RAM, an Intel Core i5-5200U
CPU, and the 64-bit Windows Pro Edition. The proposed method is based on the
CNN model with the modified dataset. Additionally, the model avoids the issue of
overfitting datasets, which is a frequent occurrence. Each video frame in the dataset
was divided into frames and added to the model using the previously trained CNN
model. A 292 × 292 frame is altered from the chosen frame and shifted horizontally
andvertically on a randombasis throughout training. Increase the trainingdataset, and
these operations are conducted at each cycle. The CNN model’s final pooling layer
was employed to create a 3072-sized vector during training and testing. The 300-W
IMAVIS database offers more than “neutral” and “smiling” pictures and emotions
such as “surprise” and “scared” partial oversight. The facial landmarks are accessible
from the whole database, and 68 points for each facial landmark have been provided.
The resultant vectors have been utilized for both the multi-class SVM classification
training and testing data. The training procedure is finished with a training error of
0.02038 and a test error of 0.02045. A multi-class SVM classifier is used, which
allows a linear and improved SVM performance to projects the original linear and
nonlinear dataset into more dimensional space using the linear function kernel.

3.3 Gaze Estimation

Gaze estimates are an approach to detect users’ intents and interests [61]. Themethod
for gaze estimates [62] examines the link between visual information and the direc-
tion of the gaze. Eye properties retrieved from imagery data acquired from single
and many cameras (pupil and corneal reflection) are utilized to estimate the gaze
directions [63]. There are two types of approaches for gaze estimation in general:
model and appearance [64]. Further detail on the two strategies is provided in the
following subsections. In the handy field, the mobile gaze interaction [65], driver
gaze monitoring [66], screen type keyboard [67] and virtual reality [68] are practical
applications for gaze estimation.

In appearance-based approaches, the photometric appearance of the eye is utilized
to determine the gaze [69]. They usually need just a single camera to collect pictures
of the eye, which are used to construct gaze estimation models that can map the
images in a specific direction of the gaze. Thesemodels need not be created; theymay
deduce picture attributes from data instead. Compared with model-based technolo-
gies, appearance-based systems need additional eye pictures for training, enabling
them to acquire a discrepancy in appearance [70].

Based gaze estimate algorithms in real-world scenarios are likely to provide excel-
lent results [71]. However, these coordinates can only be utilized for one setup and
guidance [72] since their gaze position is computed directly inside the coordination
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system on the target screen [73] and means that screen coordinates may be utilized
only for a single device and orientation. In various research [74], algorithms were
developed to estimate the position of the gaze concerning the camera. These systems
structure the gaze as a virtual plane in the camera coordination system [75].

The models for estimating the gaze and the eye’s geometric model are integrated
with the eye’s characteristics, including the corneal and pupil centres [76]. The
geometric portrayal of the eye is seen in Fig. 2. As depicted in Fig. 2, the optical axis
is the line between the heart and the pupil centre. The visual axis between the centre
of the cornea and the fovea determines the direction of the gaze. Thus, the gaze point
is defined as the crossroads of the visual axis and the display surface [77]. Finally,
kappa angles are the angles that are created by the intersecting optical and visual
axes. The angle difference between the optical axis and the visual axis is a constant
vector [78]. Personal calibration is usually used to estimate the value for each partic-
ipant in model-based procedures. Corner precision at degrees [79], cm/mm distance
precision [80], and gauze estimate precision at percentage [81] all provide instances
of gazing metrics published in the literature for accurate monitoring.

Elderly people who are lonely or depressed may appreciate their attention when
reading or eating a diary to help with daily living skills. Computationally effi-
cient and high performing, our real-time estimation solution for the typical webcam
footage is. According to educational psychology, it is expected that the methodology
recommended will be used in the future to examine the behaviour.

Fig. 2 Geometric model of the eye
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Fig. 3 Environment setup

A high-resolution webcam with a broad-angle lens was usually placed on the top
of the monitor screen in prior eye-tracking research. The camera was set below the
subject, resulting in the original elevation angle. You may use this setup strategy
to avoid the impact of eyelid movement. For most users, the camera is located on
the top of the display. Thus, we broaden our scope and study the eye-tracking issue
without employing a camera or costly eye-tracking equipment. [82] This illustration
in Fig. 3 illustrates the primary light source of the ceiling light, which is a desktop
computer with a camera hooked to the display. 50–70 cm from the camera to the user
is required due to the common usage of low resolution and because the extracted eye
block resolution is at least 20 × 20.

The eyes can be identified appropriately andmonitored carelessly utilizing precise
iris and pupil detection without changes in lighting. Measuring how effectively a
model predicts a gaze and a discrepancy between the forecast and the actual gaze
coordinates. The following section contains numerous computations on the accuracy
of the gaze estimate.

3.4 Visual Gaze Estimation

This section builds on prior work in Fig. 3 by studying camera setups and gaze
estimation algorithms to increase tracking resilience under real-world settings. User
calibration, in addition to hardware setup calibration, is critical to user experience and
convenience. For example, user calibration is required to represent the individual-
specific features necessary for estimate bias correction. When the amount of calibra-
tion data rises, the calibration quality improves to some level. However, increasing
the number of calibration sites to increase the data volume might be cumbersome
and negatively impact the user experience.

Furthermore, the trade-off between the quality and simplicity of user calibration
has been extensively researched in the literature [61]. Significant progress has been
achieved, for example, more robust geometric eye models and more effective bias
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correction models have been constructed, and implicit calibration approaches have
been implemented. This section also describes the proposed webcam-based eye gaze
tracking approach in depth. Figure 4 depicts an overview of the process. It consists of
a concurrently functioning webcam system with blink and gazes feature recognition,
gaze estimation, and user calibration operations. The primary addition is that gaze
outputs from both the eye and the camera are incorporated into the proposed gaze
estimationmechanism,whichproduces anoverall Point ofRegard (PoR).Theprocess
begins with eye localization, which determines the presence of the eyes. Next, a
robust non-rigid face tracker based on a well-supervised algorithm is used to locate
and track the eyes. According to the decent supervised approach, the cascade of
regression models may infer an appropriate final face shape using 68 markers. The
method is based on 68 features. Marks around the eyes may be used to precisely
remove the eye areas after matching the form of the face.

A. Iris detection

Once the preceding procedures have been used to remove the eye, the centre of
the iris is located. To begin, we measure the width of the pupil’s iris. A high-
energy and fast-edge data combinationwill then find the iris’s core. Thismethod
of smoothing the eye region using the L0 gradient minimization technique
is used to eliminate noisy pixels while keeping the eye’s boundary shape to
calculate the radius. For the intensity calculations, a proper iris centre estimate
may be employed. After the eye-tracking locations, the Canny edge detector is
applied. When dealing with short lengths and distance filters, several incorrect
edges are used. The point of intersection between the pupil and the iris is too near

Fig. 4 Overview of a camera system, which comprises gaze tracking for both eye
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or too far away. In themodel of the iris circle, the parameters are calculated using
the Random Sample Consensus (RANSAC) methodology [83, 84]. Once the
RANSAC has been applied on the iris edges, the iris radius r may be computed.
The last step is to set the iris’s central location by combining extreme energy and
edge strength. These two letters, E1 and E2, respectively reflect the intensity
energy and edge strength.

E1 =
∑

(I × Sr ) (1)

E2 =
√
g2x + g2y (2)

where I is the eye region, and Sr is a circle window with the same radius as
the iris. The gx and gy are the horizontal and vertical gradients of the pixel,
respectively. To detect the iris centre, we should minimize the intensity energy
in the circle window and maximize the edge strength of the iris edges. The
trade-off is controlled by the parameter τ . That is,

(
xBF[I ]IC , yBF[I ]IC

)

= min
(x,y)

{
E1(x, y) − τ.

(∫ +π/5

−π/5
E2(x, y) · ds +

6π/5∫
4π/5

E2(x, y) · ds
)}

(3)

where
(
xBF[I ]IC , yBF[I ]IC

)
is the estimation coordinate of the iris centre. The

integral intervals are ranges of the iris edge that do not overlap with the eyelids.

Because of its enhanced resilience to light and eye type differences, a dark-
pupil-based technique rather than a bright-pupil-based method is used for pupil
centre identification. The equation of bilateral filtering is conducted on the input
eye area with the dark pupil to smooth the pupil area while retaining the pupil to
iris crisp (3). Bilateral filtering considers a Gaussian filter in space and another
Gaussian filter, the pixel difference function [85]. The Gaussian function of
space ensures that only pixels close to each other are evaluated for blurring. The
Gaussian function of intensity difference, on the other hand, ensures that only
pixels with similar intensities to the centre pixel are considered for blurring. As
a result, it preserves the edges since pixels near themargins will have significant
intensity variance. The critical element in bilateral filtering is that two pixels are
close to one other if they occupy neighbouring spatial positions and have some
photometric range similarity. Because bilateral filtering may preserve edges
according to equations, it overcomes the disadvantages of different approaches
such as Averaging Blur, Gaussian Blur, and Median Blur (4).

BF[I ]p = 1

Wp

∑

qεs

Gσ s(p − q)Gσr
(
Ip − Iq

)
Iq (4)
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where Wp is a normalization factor,

Wp =
∑

qεs

Gσ s(p − q)Gσr
(
Ip − Iq

)
Iq (5)

Equation (4) and (5) are used for the bilateral filter, where p is the target
pixel, and q is one pixel around the target pixel, Ip is the colour of the target
pixel, Iq is the colour of a pixel around the target pixel, s is the pixel group
around the target pixel, Gσ s is the weighted pixels according to the distance,
and Gσr is the weighted pixels according to pixel colour difference.

B. Pupil detection

After calibrating parameters, we used bilateral filters to smoothen the image and
preserve the edges of the image content of BF[I ](x,y). That was suitable for retaining
the pupil’s features. Following that, normalize the histogram to increase the contrast.
Then, by injecting the average intensity into the surrounding areas, we may approx-
imate the pupil’s average intensity. The pupil blob is then highlighted by inverting
the picture and using the average intensity inside the pupil as a threshold. However,
the binary image contains a few other blobs that are as black as the pupil area, such
as eyelashes, eyelids, and shades. Morphological methods are used to distinguish
the actual pupil area from the distracting blobs. The final pupil is determined by
the form, size, and position of the remaining candidate blobs. The object’s centre of
gravity is then utilized to calculate the pupil’s centre.

A Canny Edge Detector and a Hough Circular Transform [86–89] compute the
pupil iris frontier. ACombination of Profile andMaskThe pupil detection iris borders
are definedutilizingmethods. TheHough circular transformation creates an edgemap
with vertically slanting gradients to the iris’s outer rim. The difference between the
pupils and iris centres and radii is identified using a threshold and accurate detection.
For example: when the pupil divergences are T1 in the X -direction and T2 in the
Y -direction, followed by T3 and T4 to show pupil and iris variations in the radius, as
shown in Fig. 5.

Determine the centre of the pupil by Xc and Yc, respectively,

xc = xc−iris − xc−pupil (6)

yc = yc−iris − yc−pupil (7)

where (xc−iris, yc−iris) = BF[I ](x,y) which describes iris centre estimation coordi-
nates.

Also, xc < T1, the threshold for pupil and iris centre is different in x direction.
Then, the system can detect the user’s gaze move either left or right direction, respec-
tively. Then, yc < T2, the threshold for pupil and iris centre is different in y direction.
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Fig. 5 Both iris and pupil centre determination

Then, the system can detect the user’s gaze move either up or down direction, respec-
tively. If T4 < Rd < T3 correct centre of the eye detected, where Rd is the radius
difference between the iris and pupil centre.

Further, the masking technique will be implemented to determine the pupil’s
radius, as shown in Fig. 6.

By averaging of both R1 and R2, the radius of pupil labelled as R, can be computed
where the radius R1 is determined by computing the difference between xmax and
xmin followed by division by two using Eq. (8):

R1 = xmax − xmin

2
(8)

Fig. 6 Pupil detection based on masking
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The same method is used to compute the value of radius R2 as in the following
equation as in (9):

R2 = ymax − ymin

2
(9)

Finally, the pupil radius denoted by R is computed using Eq. (10) whilst pupil
centre estimation coordinates represented by xc and yc are determined based on
Eqs. (11) through (12), respectively.

R = R1 + R2

2
(10)

xc = xmin + R (11)

yc = ymin + R (12)

According to the respective pupil centre estimation coordinates derived from
Eqs. (11) and (12) of both the left and right eye, a 2D gaze estimation method based
on pupil vector is proposed in this research. An improved artificial neural network
is developed to solve the mapping function between pupil vector and gaze point
coordinates and then calculate the gaze direction of g(x, R) and g(R, y).

4 Calibration of Camera and Screen Parameters

Calibration approaches are intended to assist systems that wrongly calculate the
Point of Gaze (PoG). The number of calibration points must be chosen carefully. A
successful calibration method must contain as many calibration points as feasible to
familiarize the user with the device. On the other hand, it should be basic enough not
to pose problems for the user. For this system, a simple 4-point calibration method
has been created. The purpose behind creating such a calibration method is that it
might help calculate the eye area that will be utilized to scan the laptop screen. This
basic technique enables the user to examine all corner locations to access mode. In
this situation, accessible mode means the user may stay at a corner point for as long
as they like. This notion supports the system in decreasing calibration errors caused
by erroneous gaze detections. It starts by diverting the user’s attention to the laptop’s
top left corner.

Meanwhile, the system begins its detection cycle, beginning with face detection
and progressing through iris detection, pupil detection, gaze estimate points, and
gaze locations until the user clicks again in the user interface. The system no longer
saves gaze location results. The system saves the averaged findings to the top left
corner location of the eye area scanning the laptop screen. This procedure is repeated
for the remaining three corner locations. After calibration is complete, it enters the
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main eye gaze tracking loop, allowing the user to interact with their eyes. PoG is
the critical stage since it incorporates computing PoG based on previously collected
feature points. Errors detected during the detecting step must be corrected at this
step.

PoG computations are impossible to conduct without a reference point. It can aid
PoG computations by reducing the number of computations necessary to transform
gaze motions into cursor movements on the laptop screen. The centre of the eye
(CoE) is a goodchoice for a referencepoint.During the calibration step, themoveable
area of the eyes was already calculated. CoE may be calculated by simply averaging
the x and y coordinates. Equations (13) and (14), respectively, explain this notion.

CoEx = CP2x + CP1x
2

(13)

CoEy = CP2y + CP1y
2

(14)

where, CoEx and CoEy denote x and y coordinates of the centre point of the eye’s
movable region, respectively. CP2, CP1, CP4 and CP3 construct a rectangular
region representing the eye’s movable region, as shown in Fig. 7.

Furthermore, it was shown that cursor and gaze movements are connected; each
cursor movement traverses many pixels to perform a single-pixel movement of the
gaze. Determine the width and height of the eyes; the screen width and height were
employed. The width and height are fixed for a laptop screen, whereas the eyeball’s
moveable zone will fluctuate based on the scenario. The width and height of the
movable zone of the eye may be calculated using Eqs. (15) and (16).

Fig. 7 4-point simple calibration
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Weye = CP1y − CP2y (15)

Heye = CP2y − CP4y (16)

where,Weye and Heye represent width and height of the eye’s movable region, respec-
tively. Then, the scaling factor is computed for x and y coordinates using Eq. (17)
and (18), respectively.

Rx = Wscreen

Weye
(17)

Ry = Hscreen

Heye
(18)

where,Wscreen and Hscreen denote width and height of laptop screen. Also, Rx and Ry

represent scaling factor for x and y coordinates.
The PoG is computed to take into consideration the reference point’s relevance.

The gaze movements in the eyes are used to move the pointer on the laptop screen.
Equations (19) and (20) may convert eye movements into cursor movements if the
reference point in the eye coincides with the centre point on the laptop screen.

PoGx = Wscreen

2
+ Rx × g(x, R) (19)

PoGy = Hscreen

2
+ Ry × g(R, y) (20)

where, PoGx and PoGy represent x and y coordinates of PoG, respectively, and
g(x, R) denotes gaze point coordinate in x direction from the reference point, and
g(R, y) denotes gaze point coordinate in y direction from the reference point. They
can be computed according to the output of the neural network. Also, the reference
point R is calculated according to CoE described in Eqs. (13) and (14), respectively.

5 Results

After the calibration process is done, define the screen grid reference area according
to Fig. 8. As per the user’s attention area to the computer screen is defined the centre
point of the screen as (xR, yR), an upper centre position as ymin, below centre position
as ymax, left the centre position as xmin and right-centre position as xmax to initialize
the system.

Figure 9a depicts the user eye gaze move to the ‘centre’ position of the screen.
‘Center’ coordinates are (587, 365), and the response time to detect the gaze point
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Fig. 8 Screen grid reference area

is 93.745ms. Figure 9b depicts the user eye gaze move to the ‘left’ position of the
screen. ‘Left’ position coordinates are (509, 429), and response time to detect the
gaze point is 75.054ms. Figure 9c depicts the user eye gaze move to the ‘right’
position of the screen. ‘Right’ position coordinates are (671, 396) and the response
time to detect the gaze point is 124.998ms. Figure 9d depicts the user eye gaze move
to the ‘top’ position of the screen. ‘Top’ position coordinates are (605, 182) and
response time to detect the gaze point is 93.768ms. Figure 9e depicts the user eye
gaze move to the ‘bottom’ position of the screen. ‘Bottom’ position coordinates are
(542, 634), and response time to detect the gaze point is 78.140ms.

We have recorded a series of films with 20 participants to assess their eye gaze
performance. The right gaze direction was human-labelled for each frame of the
images. Twenty images were shot in various lighting circumstances, with or without
glasses, and in front of computer screens inmultiple postures. Theywere told to begin
recording the video by focusing on the centre of the screen and then moving their
gaze to the left, right, top, and bottom of their eyes. We investigated the algorithm’s
performance in various picture circumstances to get a quantitative evaluation of the
qualitative features of the photos.

In Fig. 10, a confusion matrix depicts one comprehensive inference performance
of the mean of the intention to the “gaze direction.” The horizontal axis represents
predicted intention,whereas the vertical axis represents actual intention. The absolute
mean accuracy and precision were calculated to be 0.92. Notably, the intention to eye
gaze variance accounts for 0.08 of the mean absolute error. It is more challenging
to characterize the purpose from the object aspect when there are less dominant eye
gaze fluctuations. The CNN-SVM model is less forgiving of the attention detection
classifier’s errors.

The mean accuracy and precision for each type of intention are summarized in
Fig. 11. Themean precision of the intention to “gaze direction to centre” was inferred
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Fig. 9 User eye gaze moves to different locations. Figure 9a: User eye gaze move to the ‘centre’
position of the screen. Figure 9b: User eye gaze moves to the ‘left’ position of the screen. Figure 9c:
User eye gaze move to the ‘right’ position of the screen. Figure 9d: User eye gaze moves to the
‘top’ position of the screen. Figure 9e: User eye gaze move to the ‘bottom’ position of the screen

Fig. 10 Confusion matrix for the gaze direction
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Fig. 11 Mean accuracy and precision for each intention

in 1 of the cases, and the mean precision of the intention to “gaze direction to left”
was inferred in 0.9 of the cases. Themean precision of the intention to “gaze direction
to the right” was inferred in 0.9 cases. The mean precision of the intention to “gaze
direction to top” was inferred in 0.9 cases. Finally, the precision of the intention to
“gaze direction to the bottom” was inferred in 0.9 of the cases.

Further, the mean accuracy of the intention to “gaze direction to centre” was
inferred in 0.99 of the cases. The mean accuracy of the intention to “gaze direction to
left” was inferred in 0.96 cases. Themean accuracy of the intention to “gaze direction
to the right” was inferred in 0.97 of the cases. The mean accuracy of the intention
to “gaze direction to top” was inferred in 0.96 cases. Finally, the accuracy of the
intention to “gaze direction to the bottom” was inferred in 0.96 of the cases.

6 Conclusion

The eyes are a vital part of the human body that may be studied and extracted as
necessary characteristics for various applications. Also, those with disabilities or
older adults often use assistive gadgets that use eye control. Likewise, psycholog-
ical studies have looked at eye fixation and saccade research, while identity and iris
recognition is found in security systems. The two primary methods for collecting
eye characteristics are eye detection and gaze estimation. Many previous articles
have presented various ways for eye recognition and gaze estimation, but they were
mainly concernedwith problems at the high-resolution level.Without high-resolution
cameras or other specialized/expensive equipment, userswill be unable to use the site.
It may be said that general webcam-based applications have become more popular
and vital in recent years. Many consumers use consumer-grade PCs or laptops with
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ordinary webcams. However, there are presently just a few research dedicated to
the issues with webcam-based applications. Many webcam-based applications need
the user’s attention to be acquired accidentally while using his ordinary personal
computer and webcam without the need to purchase or wear any additional equip-
ment. This chapter describes eye detection and gazes tracking methods that employ a
typical webcam to accurately identify eyes and monitor gaze in real-time without the
need for costly or specialist equipment. We proposed an eye-gaze detection method
based on images captured by a single web camera set on the display’s top. We
were able to validate the system’s accuracy by doing the research. Even though the
proposed method seems simple, it has a high success rate in identifying eye gaze.

The program assessed the eye gaze performance of 20 participants in a series of
films with varying lighting conditions. The findings indicated that the overall mean
accuracy and precision for the five directions were 0.92 (92%). In addition, many
alterationswere applied to the image to test its resilience in terms of qualitative picture
features. Among them are noise applications, brightness and contrast increase and
reduction applications, axis rotation and blurring applications. The findings of the
algorithm in these modifications revealed that the noise application had the greatest
influence. Furthermore, the suggestedmethodhas significant limitations, and changes
in light impact accuracy. Our future research will aim to increase the accuracy of the
suggested eye-gaze detection method, making the system more resilient and faster
at navigating the home environment.
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Internet of Things and Cloud Activity
Monitoring Systems for Elderly
Healthcare
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and Idowu Dauda Oladipo

Abstract According to the World Health Organization, people aged 60 years and
above globally will be 2 billion in 2050 by increasing from its present 841 million
populaces.With the recent advances in smart healthcare systems that make treatment
available for all, it is expected that longevity becomes the norm for humans. Providing
a convenient platform for elderly patients has therefore become the attraction of
various researchers from different fields, and this makes the smart healthcare system
become a point of desirability for many. The advancement in information technology
especially in the area of Internet of Things (IoT), cloud computing, and wearable
devices has helped bring healthcare nearer to the rural areas and improve elderly care
globally. Ambient Assisted Living (AAL) makes it possible to incorporate emerging
technology into our everyday activities. Therefore, this chapter explains the important
role of IoT and Cloud activity monitoring systems for elderly healthcare in medicine
to reduce caregivers’ needs and help the aged live an active life. Also, proposes a
framework of an intelligent IoT and cloud activity monitoring system for elderly
healthcare using a wearable body sensor network. The suggested system educates
and warns healthcare workers in real-time about changes in the health status of
aged patients in order to recommend preventative steps that can save lives. The
proposed system can accommodate any number of wearable sensors devices and a
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huge number of applications. The platform also enables remote health monitoring,
and real-time monitoring, thus reduce the workload on the medical personnel. IoT
and cloud activity monitoring system is a quick and rapid way of monitoring, and
diagnosis of elderly patients by depriving them of diffusion of the infection to others.

Keywords Internet of Things · Elderly patient · Activity monitoring · Cloud
computing · Smart healthcare system

1 Introduction

The constant aged of the world’s population places greater strain on society and
welfare systems, making it critical to develop better programs and inventions capable
of treating medical problems associated with old age. E-Health provides initiatives
to assist seniors in living longer in their homes, as well as innovative services to help
pay for specific treatment or recuperation. Population aging is a visible phenomenon
with significant social and economic implications. Over 70-year-olds will increase
in number from 64 million in 2010 to 122 million in 2060 [1]. To address the
problems that these phenomena has produced, the concept of Ambient Assisted
Living (AAL) has been elevated as a target solution to healthcare, describing a
network that is interconnected, context-aware, ubiquitous, customizable, responsive,
and anticipative.

TheProActiveAgeing initiative (“ProlongingACTIVE life for an active and stable
AGEING”) offers web services for the successful (re) integration of older people into
societal and operational life, for the enhancement of an elderly person’s self-well-
being and freedom through continuous learning and knowledge exchange, and for
the delivery of structured training programs for structured workers [2]. According to
the Internet of Things Technology Initiative (AIOTI), 110 European provinces have
defined Active and Safe old age as a target for intelligent expertise [3, 4]. The AAL
Joint solutions built health monitoring (HM) as a significant group of use cases estab-
lished in European projects FP6 and FP7, with other thematic areas being behavior
tracking, mobility associate, fitness instructor, grocery, and diet planner, socializing
with Smart TV [5]. IoT has always been the crucial information technology for
building such use cases because of its ability to upgrade real-world things and merge
them into theCloud [6].Despite the limitations of IoTdevices’ storage andprocessing
capabilities in comparison to continuously increasing criteria for the amount of
device-generated data and their decision theory, cloud computing is emerging as
a very appealing alternative solution with the potential to provide omnipresent,
accessible, on-demand network access to a shared configuration database [7].

Apart from communicating and exchanging data between health professionals,
cloud computing is widely used in many other areas of healthcare, including
medical imaging (storage, exchanging, and processing), public health and patient
self-management, hospital management and clinical information systems, and
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preparing, coordinating, or reviewing therapeutic interventions (Statistical analysis,
text analysis, or medical trials) [8].

IoT devices, such as satellites, may have applications in the healthcare industry
for Heart rate monitors, blood sugar supervises, and endoscopic capsules [9–11].
Sensors, actuators, and other mobile technologies are used devices in the therapeutic
business will revolutionize it, especially during pandemic outbreaks [12, 13]. The
Internet of Medical Things (IoMT) is a linked network of smart healthcare devices
that accept data from internet communications networks and transmit it to healthcare
information systems [14, 15]. Currently, 3.7 million therapeutic devices are in use
that are linked to andmonitored by various areas of the body in order to offer medical
alerts [16, 17].

These IoMT networks communicate to public cloud such as Google Cloud Tech-
nology, Microsoft Azure Cloud, AmazonWeb Services, and others bespoke network
services in order to collect storage and analytics data. Patients with lingering or
long-term illnesses can benefit from remote medical monitoring using IoT services.
These systems can track and monitor patients who use embedded sensor equipment
in medical centers.

They can transmit the fitness data across to their doctor. Medical gadgets that can
be coupled or launched as IoT technology include infusion pumps that link to analyt-
ical monitors and hospital beds with sensors for monitoring patients’ health status.
Items like “Smart” objects with various sensors and actuators that are completely
equipped to operate in their respective surroundings, as well as incorporated commu-
nication infrastructure to link with any imaginable alternative, assist the Internet of
Things (IoT) in reaching its full potential. As shown in Fig. 1, the most common
usage of IoT for old persons is activity monitoring.

The IoT is a large-scale machine deployment, such as machine type communi-
cation (MTC), that conducts sensing and actuation activities with little or no human
participation. The number of Internet-connected items is predicted to outweigh the
world’s population. The number of linked health devices is fast expanding [18], as
the IoT is concerned with the realism of connecting specific physical commodities to
the internet. In addition, healthcare is the largest target market for IoT, with pulse rate
tracking being the most advantageous use [19]. Simple devices like glucose meters
and heart rate monitors, as well as IoT systems that feed data into more complicated
technologies, might be used to create emergency alarm systems and remote medical
monitoring systems.

This chapter presents (1) the integration of devices into an IoT- driven remote
healthcare system and (2) the utilization of an IoT-based platform to track the health
of older patients.

The rest of this chapter is organized as follows: Sect. 2 discusses deployment of
IoT in elderly monitoring scheme. Section 3 has a detailed discussion of applica-
tions of IoT and Cloud computing in elderly monitoring systems. Section 4 presents
the ICEAMS framework for activities monitoring of the elderly patient. Section 5
presents a practical case of ICEAMS formonitoring elderly people, and finally Sect. 6
concluded the chapter and presents future direction for the chapter.
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Fig. 1 Major application of
IoT for elderly patients for
diseases monitoring
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2 Application of Internet of Things in Elderly Activity
Monitoring Systems

2.1 IoT Operations

The latest breakthroughs in IoT, wearable sensors, and telecommunication technolo-
gies have made human living smarter in the age of universal computing, allowing
smart healthcare services to be delivered [9, 10, 20]. The IoT has the ability to
completely change the medical industry. Patients, medical staff, and carers, as well
as monitoring devices are all connected by software and ICT technologies [9].

The healthcare sector inmost emerging countries is facing severe economic issues,
owing to the expanding number of reliable and high-quality services necessary for
the aged. Elderly persons require extra care and attention because even a little illness
or injury can result in irreversible damage [21].
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According to the results of a poll performed by the United States of Elderly, 90%
of elderly inhabitants want to be able to dwell in their own residences [22]. Many
older persons choose to age in their own homes, according to recent studies [23],
but they need caretakers or medical professionals to pay attention to them and keep
an eye on or assist them. As a result, developing new tools and technology to assist
elder individuals in aging in place is critical [24].

Increases technical advancements have resulted in an increase in lifespan break-
throughs the share of old individuals has grown in recent years. Age-related frailty,
chronic diseases, and disabilities are all difficulties that these elderly persons must
cope with on a daily basis. Recently, there has been a surge in interest in establishing
aged care services based on cutting-edge technologywith the goal of allowing seniors
to live independently. The IoT has been established as a cutting-edge concept for
linking real and virtual items in order to improve services, and it has the potential
to significantly improve remote geriatric monitoring. Several recent initiatives have
been made to address elderly care needs using IoT-based solutions [21].

There is a growing need for unique technology that can deliver effective remote
geriatric monitoring services. To this goal, a variety of current disciplines should be
used to serve the needs of the aged, taking into account their limits in everyday life.
IoT, as a promising paradigm, has the capacity to provide such essential services to
the elderly [25]. The IoT is a cutting-edge technology that combines sensor devel-
opment, data gathering, network resources and services required, database admin-
istration, and information processing are all examples of data computing, and other
disciplines to enable objects (e.g., entity, individuals) having distinct identities in
order to communicate to a central server and build local connections [9]. IoT-enabled
systems’ connection allows entities to communicate and combine data to get a more
thorough understanding of their functioning as well as the features of their surround-
ings, allowing them to provide more advanced services that are sophisticated and
effective. One of the primary advantages of IoT application is that they enable contin-
uous (i.e., 24/7) remote monitoring systems, which help to raise people’s standard
of living [26].

By linking items and people, the IoT has the capability to fundamentally influ-
ence numerous human characteristics existence. The system architecture may be
partitioned into three levels depending on the characteristics and functionalists of
IoT-enabled systems (data collecting, communication, and exploration), as stated by
various academics. The architecture of an IoT-enabled system, on the other hand,
may be redefined in terms of its use cases. As illustrated in Fig. 2, the system in our
situation is defined as follows in order to meet the needs of elderly monitoring:

Perception layer: This is the first stratum and the one closest to the individual
being tracked. The core objective of the insight level is to acquire necessary data
from the client, as well as communication with upper levels. The perception layer, as
shown in Fig. 2, may be classified into two parts: the body area network (BAN) and
fixed/mobile sensors in the vicinity. The BAN may be seen as a web of vital signs
peripherals (e.g., chest belts, infusion pumps, and blood stress monitors) or sensing
gadgets (e.g., smartwatches, fitness trackers, and smart headwear) that gather user
data.Medical data such as vital symbols (e.g., rate of heartbeat and rate of breathing),



186 J. B. Awotunde et al.

Fig. 2 A multi-layer IoT-based elderly monitoring system architecture

these devices record blood sugar levels, galvanic skin responses (GSR), and location
information like position, exercise habits, and rest amount. The second type consists
of fixed contexts sensors, which are commonly seen in residences and other public
locations (e.g., surveillance camera, Smart TV, etc.). Environmental elements are
also detected and responded to using mobile context sensors. This section includes
a wide range of robotics.

Gateway Layer: The gateway layer accepts sensual information through mobile
and wireless methods from the sensor node (such as Bluetooth, 6LoWPAN, and
Zigbee) and transfers it to the Cloud layer for processing. In Fig. 2, the layer is
separated into two clusters. The first is for fixed access points that transmit data
indoors and are put in senior homes. The mobile access point is the second type,
which is utilized for outside purposes. A smartphone is an excellent example of a
data transmission and processing mobile access point.

The Cloud layer: In the data center, this is a distant layer. As seen in Fig. 2
the layer is divided into several divisions. Incoming data is stored in data centers
before being analyzed using the Cloud’s great computing capacity. Reasoning [27],
machine learning algorithms [28], pattern recognition approaches [29], and other data
analysis techniques are used. In order to successfully respond to the requirements
of the elderly, decisions and reactions are made based on the results. These backend
apps are capable of detecting lifestyle patterns in the elderly, like Mild Cognitive
Impairment (MCI) [30], as well as anticipate chronic and acute disorders, such as
blood glucose concentration prediction for a diabetic [10]. End-users, such as the
monitored individual, their caregivers, and medical professionals, can be provided
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with a variety of apps and services, like a mobile user application, to communicate
the outcomes.

2.2 IoT and Elderly Monitoring Systems

Meeting the needs of the elderly is one of themost important uses of IoT-based distant
surveillance systems. On one side, senior fragility makes people more sensitive to a
number of illnesses (severe and lingering), deficiencies (e.g., graphic, physical, and
verbal), and limitations (e.g., poor memory) and, on either hand, raises the risk of
being unaware on the other (e.g., computer illiteracy). As a result of disregarding the
need of senior care, an increase in old dependency or the requirement for them to
reside in a treatment facility may ensue. In this situation, IoT-based distant sensor
observing can help resolve the aforementioned concerns, reduce the repercussions,
and allow seniors to live freely. Given the projected high growth of the elderly popu-
lation in the near future, major investments in innovative senior care concepts and
technologies, such as the IoT are required. A number of methods have been offered
to fulfill the standards of the aged by compensating for deficiencies or avoiding the
unavoidable effects.

2.2.1 Health Monitoring

Due to aging’s fragility and sensitivity to viral infections (e.g., acute and chronic
ailments), monitoring system becomes the most significant aspect of aging remote
monitoring. Remote health monitoring raises the standard of care to elderly’s quality
of life by identifying and alerting caretakers in the case of an emergency, as well
as reducing nursing and hospital visits, and hence healthcare costs. In 2011, older
people accounted formore than aone-third of all clinic charges andvisits in theUnited
States, according to a research conducted by the Agency for Healthcare Research
and Quality (AHRQ) [31]. As a result, providing remote health monitoring services
at home is critical to improving care services and lowering hospital expenditures
and stays for the elderly. Besides, as the world’s potential supporting ratio declines,
a large number of older citizens may confront a future with a restricted quantity of
care and supportive services.

The improvements are then applied based on sensor feedback, and a customized
workout regimen is proposed without the requirement for direct human supervision.
Acceptance of new technology is typically difficult, especially when the system’s
target users are the elderly. This reduced the use of traditional equipment (e.g.,
television) in various health monitoring techniques to provide more user-friendly
services for old folks. In this context, Spin-sante and Gambi [32] propose a remote
patient monitoring system related to digital television that incorporates a range of
wire-free medical devices (e.g., oximeter, breathing tester, and glycaemia meter).
Macis and colleagues worked on the HEREiAM programme [33], it explains how a
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TV-based system may give greater aid and support to the elderly. The project uses a
TV set at home to provide a variety of services to solve remote healthcare technology
acceptability as well as other challenges such as security and social communication
[34].

Another indicator that represents the health status of the elderly is daily activity.
Physical activity, eating (meal frequency and length), sleeping, and other activities
are only a few of them. Several efforts have been taken to this end, leveraging various
techniques and sensory data to offer activity monitoring for the aged. Kasteren and
colleagues [35] discuss a system (created as part of the CARE project) that tracks
and recognizes older people’s activity levels using wireless sensors and recognition
mode.

2.2.2 Nutrition Monitoring

Malnutrition is a common aging problem that may be handled, whether it is caused
by a deficit (undernutrition), excess (overnutrition), or a lack of appropriate nutrition.
The elderly are more likely to suffer from malnutrition [36, 37]. Malnutrition has
been linked to a number of health problems in the elderly, including cardiovascular
and cerebrovascular disease, osteoporosis, and diabetes [10]. Nutrition monitoring,
particularly weight and nutrition tracking, along with health tracking via IoT-based
wearable sensors, are critical to enhancing people’s health and well-being of senior
citizens.

Various approaches and systems have previously been offered in this area.
ChefMyself is a nutrition-related monitoring app that presents a methodology to
help older people track their food intake [38]. It provides remote nutrition moni-
toring, including weight tracking (through cordless scales), diet tracking, a recipe
repository, and grocery and cooking aid for the aged are all available via a Cloud-
based connection. It also provides access to social networking sites to encourage the
elderly to engage in more social activities.

Added method, DIET4Elders Sanchez et al. [39], shows a scheme (hardware and
software) for monitoring, advising, and providing facilities for day-to-day events
connected to senior people’s dining habits in order to avoid malnutrition. The
following are the three tiers of their suggested system: (1) Surveillance Module
contains relevant data from everyday experiences, Evaluation and Appraisal Layer
extracts information [40] and expertise about daily self-feeding, and Support Service
Layer provides additional information (including interactions) frommedical sources
professionals and caretakers.

A wearable IoT-based gadget called eButton [41, 42] has been devised for those
with specific requirements, such as the elderly, to accomplish multi-function remote
monitoring. The eButton gadget uses a pictorial sensor on the patient chest to track
his or her nutrition. Based on earlier models of food forms, the food volume is also
approximated from thephotos.The collecteddata,when combinedwith supplemental
data (e.g., meal information), displays the user’s daily nutrition and calories. In
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addition, the gadget provides services for tracking physical activity, such as sedentary
occurrences and daily calorie consumption.

2.2.3 Safety Monitoring

One of the most pressing concerns in the lives of the elderly is security. As people
age, they develop impairments, frailty, and forgetfulness, making it necessary to
monitor their safety in order to live independently. An actual tracking system, on
either hand, is capable of identifying risky circumstances can offer aged users with
a sense of security as well as knowledge of their status for family who may not be
there. In this field, several strategies and efforts to address remote safety monitoring
of elderly people have been described. The most important ones are included in the
following sections, which cover various phases of sensor watching in day-to-day
undertakings. As an effect of illnesses or restrictions brought on by age, as well as
visual and physical problems, elderly people are more likely than younger people to
fall. Falls can cause serious injury or even death [43].

Dedicated fall detection approaches have been proposed to alleviate such prob-
lems. Fall detection technologies can be split into two groups, according to Igual
et al. [44]: Remote monitoring devices and situationally systems. Wearable sensors
are divided into two types on the sensory level: cellphones and small sensors put on
a band or cloth. For some users, wearing sensors instead of being continually filmed
by cameras in context-aware systems provides a more pleasant user experience.
When a fall is detected, Technologies including a 3D accelerometer, gyroscope, and
magnetometer are utilized to evaluate a patient’s sudden positioning and orientation
changes situations, evaluate the data, and execute additional operations (e.g., show
warnings). Smartphone-based techniques are presented by Fang et al. [45], Sposaro
and Tyson [46] and Habib et al. [47], while wearable sensor-based techniques are
presented by Habib et al. [47], Cheng [48] and Odunmbaku [49].

Context-aware methods, on either hand, are being designed to measure collapses
using optical sensors. Context-aware systems have limitations as compared to wear-
able sensors, such as geographic coverage of mounted cameras or disquiet for certain
elder individuals who feel continually observed. Context-aware systems, on the other
hand, provide a number of benefits for the examined individual, including eradicating
the necessity to wear the device all of the time and lowering the risk of overlooking
to convey the sensors. In this vein, [50, 51] have suggested two important fall detec-
tion projects, which employ a complexity camera and an automaton vision system,
separately, to detect falls.

Moreover, as part of a comprehensive geriatric monitoring strategy employing
ocular sensors, the FEARLESS scheme targets tomonitor ageing individuals without
the need of wearable sensors [52]. Elderly people are constantly monitored by a
system that collects records from 3D depth sensors (such as Kinect), lenses as well
as speakers and sends it to a computer [53]. In addition, a comprehensive fall detection
system is suggested [54], which employs a number of approaches to identify persons
and their activity. When an emergency happens (for example, a fall), the system
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sends the data to the server, which analyzes it and delivers necessary notices and
outcomes via application procedures (for example, healthcare/medical professionals’
cellphones) [55].

3 Application of Internet of Things and Cloud Computing
in Elderly Activity Monitoring Systems

3.1 The Role of IoT and Cloud Computing in Elderly Activity
Monitoring Systems

The nation’s well-being and the livelihood of its citizens are inextricably links and
solely depends on the healthcare services and the medical information technology of
such nations. To move a step forward in healthcare services, the utilization of cloud
computing (CC) and the IoT has really changed the modern medicine in developed
nations. Due to the various merits of cloud computing like virtualization, efficiency,
high reliability and scalability have helped smart healthcare to change the prospects
of healthcare industries. The development of a high-efficiency medical monitoring
and management systems, cost reduction, and the building of a public cloud in a
hospital to promote resource sharing are some other importance of cloud computing
in the healthcare sectors. Medical information transmission, tracking, and intelligent
patient monitoring can be achieved using the RFID and other acoustic electromag-
netic sensors in smart healthcare system [56–58]. The use of modern healthcare
technology and Internet has really support the healthcare sectors to realize real-time
patient monitoring system, safe and efficient medical management system. Internet
integration with cloud computing has open up new potential for medical system for
real-time patient monitoring and management even in social domains, thanks to the
rapid growth of the Internet [59, 60].

The two worlds of cloud and IoT have evolved in their own ways. However, a
number of common advantages have been identified in the literature, which can be
used to forecast the future. On the one hand, the IoT can take advantage of cloud
computing’s nearly limitless capacity and resources to compensate for technical limi-
tations. CC, in particular, can be an effective option for managing Internet services
as well as the composition and use of things or data applications. CC, on the other
hand, can benefit from the IoT by expanding its reach to deal with things in the real
world in a more distributed and dynamic manner, as well as deliver new services in
a wide range of real-world scenarios.

By definition, the IoT involves a huge number of data sources, generates huge
amount of both unstructured and structured data with the following three primary
characteristics: volume, velocity, and variety. As a result, huge amounts of data
must be collected, processed, visualized, archived, shared, and searched. The data
generated by IoT can be effectively managed by the cloud, thus created the most
convenient and cost-effective ways of dealing with such data [61] because it provides
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practically unlimited and on-demand storage capacity at a cheap cost. Sharing of such
huge data with third parties becomes easier with this integration and new potential
for data aggregation, integration [62].

Because of platform flexibility, operational compatibility, and on-demand service
delivery, cloud computing has the ability to realize data integration and interopera-
tion for pervasive health monitoring [63, 64]. Cloud databases have been presented
as a means of providing users with transparent and safe access to heterogeneous
databases and platforms. CC platforms can help elderly activity monitoring systems
improve system interoperability in a cost-effective manner. Developing a monitoring
system combining these two technologies has been proved efficient in providing
healthcare facilities in remote areas in helping caregivers and physicians to provide
quality healthcare services to the elderly patients. The CC is used as a supportive
technology in an IoT-based system in terms of computational capability, storage,
resource utilization, and reduced energy consumption. Also, the cloud has been a
favorite of IoT-based system by enhancing service deliveries globally and deliver
unspeakable services in a distributed and dynamic manner. The IoT-based cloud
framework can still be extended in the smart environment for the development and
application of new service delivery.

3.2 IoT and Cloud Challenges in Elderly Activity Monitoring
Systems

The IoT connects and communicateswith billions of devices and sensors, allowing us
to provide knowledge that helps us in our everyday lives. CC, on either hand, provides
internet connectivity that is on-demand, easy, and expandable, letting users to share
computer resources and, as a result, allowing for dynamic data integration from a
variety of source. Various challenges that are associated with the implementation of
IoT in healthcare systems can be overcome by the integration of CC with the IoT.
This will address the concerns of IoT implementation in medical sectors. The various
resources provided by the CC can be of merits to the IoT-based system, while the
Cloud can acquire greater visibility in order to enhance its constraints in a more
flexible and dispersed approach with physical objects.

The Cloud-based IoT approach has been successfully integrated in an aging
activity monitoring system may face several challenges. Some of the issues are as
follows:

Security and privacy: Data may be transported from the real world to the Cloud
using cloud-based IoT. The major challenge in the implementation of cloud in IoT-
based system is the authorization guidelines and regulations for clients to gain access
to sensitive information on the platforms. This is very critical for protecting users’
identity, especially when data quality is necessary, and sensitive medical informa-
tion are on transit [65]. Furthermore, when key IoT applications migrate to the
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Cloud, problems developed due to a lack of trust in the service provider, infor-
mation about service level agreements (SLAs), and data placement [66, 67]. Multi-
tenancy can potentially lead to the leakage of sensitive data. Furthermore, due to
the processing power limits imposed by IoT items, digital signatures cannot be used
for anything [65]. New concerns require extra care; for example, the distributed
system is vulnerable to SQL injection, session hijacking, cross-site scripting, and
side-channel attacks. Critical issues like session hijacking and virtual server exit are
also possibilities for an issue [68].

Patient data is collected using portable devices and sensors. Medical facilities
must be adequately protected so that patients can use their smartphones to receive
health status updates. The implementation of a smart healthcare system opens up the
possibility of expanding healthcare to the entire population. The implementation of
an intelligent healthcare system can minimize the time it takes for patients to see
doctors or the time it takes for diagnosis results to come back. This also allows for
immediate access to medical care and services. The scalability of a smart healthcare
system must be taken seriously in order to retain confidence between patients and
medical experts, and this will save quality time. It is the primary issue, and obtaining
information from end-users through illegal companies is not only inappropriate, but
also poses a risk to the personal safety of medical data. The key issue with the smart
healthcare system’s introduction and adoption is security and privacy. Security is
required in various layers of the IoT-based system like in cloud, fog, and system as
a result of the integration of these layers [69].

Performance: High bandwidth is required to transfer the huge volumes of data
sent to the internet by IoT devices. As an aftermath, acquiring appropriate network
performance to transfer data to cloud infrastructures is a major concern; unfortu-
nately, broadband development is not keeping up with storage and compute progress
[70]. In a variety of contexts, great reactivity is required for service and data provi-
sion [68]. This is due to the fact that timeliness can be altered by unforeseen events,
and real-time applications are highly dependent on performance efficiency [71].

Big data: With several specialists predicting that Data Mining would outnumber
50 billion connected devices by 2020, it’s vital to focus on the transportation,
accessing, retention, and analysis of the huge volumes of data. Indeed, it is clear
that the IoT will be one of the key sources of big data due to the recent techno-
logical development in smart healthcare systems. The Cloud can permit long-term
preservation of the data produced by IoT and allow complex analysis on such data
[72]. Because the application’s whole performance is strongly based on the features
of this data management service, analysis of the huge data produced is a serious
concern. Finding the ideal data management system that will enable the cloud to
handle massive volumes of data remains a big difficulty [73]. Information security
is extremely important, not only because of the influence it has on quality of service,
but also because of security issues on the devices that are connected to cloud services
[74].

Heterogeneity: One of themajor challenges encounter in cloud-based IoT system
is choosing the best from variety of devices, software products, and other resources
that might be employed for new or advanced applications in healthcare system.



Internet of Things and Cloud Activity Monitoring Systems … 193

Cloud systems have heterogeneity difficulties; for example, most Cloud services
have proprietary interfaces, permitting resource integration dependent on individual
providers [75]. Likewise, when end-users adopt multi-Cloud solutions, the hetero-
geneity problem may intensify, as services would rely on many providers to improve
application performance and robustness [72].

Because of the heterogeneity that exists within IoT-based systems during data
processing, data formatting, and data clearing, it is challenging to process medical
data. In a smart healthcare system for patient monitoring, enabling a network to link
with numerous sensors is an example problem.When data ismoved to another system
for processing or analysis, heterogeneity must be present for this to happen. As you
progress through the fog layer, you’ll encounter many nodes, clusters, switches, and
other devices that are required for data processing and communication [76]. In order
to communicate with end-users using IoT-based devices and sensors, heterogeneity
is a key element to consider when creating architecture that allows for numerous
device monitoring [77].

Legal Issues: In recent research on specific applications, legal considerations
have played a large role. Service providers, for example, must comply with a variety
of international regulations. Users, on the other hand, should contribute to the data
collecting effort [61]. There is no standard guide and regulations for computing
the protocols and interfaces for various products and services in a smart health-
care system. A dedicated agency is needed to handle this problem, and standards
should be put in place to standardize the healthcare system. This will help with data
dissimilarity and achieving real-time reaction. Communication protocol, data aggre-
gation interfaces, system interfaces, and gateway interfaces should all be seriously
addressed for proper standardization [78].

3.3 IoT and Cloud for Improving Elderly Healthcare

The problems of security, low performance, privacy, and reliability issues associated
with IoT are due to the limited processing power and storage capacity. These chal-
lenges must improve the performance of IoT-based system and the healthcare sectors
will be able to enjoy the benefits of using this platform. The combinations of both
IoT and cloud has brought effective solution to address these problems. The IoT also
expands the boundaries in which the cloud works with real-world items in a more
dispersed manner, as well as enabling innovative services for billions of devices in
a variety of real-world situations [79]. Furthermore, the Cloud simplifies the use of
apps and services for end-users while lowering the cost of doing so. The Cloud also
streamlines IoT data collection and processing, allowing for rapid, low-cost setup and
incorporation for sophisticated data processing and utilization [80]. The advantages
of incorporating IoT into the cloud for elderly monitoring are as follows.

The Cloud-based IoT paradigm has two important features: application and data
exchange. IoT can be used to transmit ubiquitous applications, and automation can
be used to simplify low-cost data distribution and gathering. Using built-in apps and
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bespoke gateways, the Cloud is a practical and cost-efficient option for connecting,
managing, and tracking anything [81]. The accessibilities of quick Interactive surveil-
lance and remote object management, and also data actual accessibility, are made
possible by systems. Though the Cloud can considerably enhance and facilitate IoT
interconnectivity, it does have drawbacks in several areas. The move of huge data
from IoT to the cloud can create practical restrictions of such data to be moved to
the cloud storage device [82, 83].

The Internet of Everything (IoE) collects billions of devices and sensors that create
new opportunities with various medical threats [10]. The world is fast advancing
toward the IoE domain, with billions of people talking among each other, as well as
a range of data being gathered. The Cloud-based IoT technique expands the Cloud
through IoT devices, allowing the Cloud to operate with a variety of real-world
situations and resulting in the production of new innovations in medical sectors [72].
The devices, protocols, and technologies that make up the IoT are diverse. As a
result, achieving dependability, scalability, compatibility, safety, accessibility, and
effectiveness can be difficult. The majority of these concerns are resolved when IoT
is integrated into the cloud [84]. Other benefits include ease of use and access, as
well as inexpensive deployment costs [85, 86].

The IoT comprises a vast number of data sources that create a vast volume of
semi-structured or unstructured data [87] since it may be utilized on billions of
devices. Big Data has three qualities [88]: diversity like the data type, velocity such
as data generation frequency, and the data size which is the volume. The cloud is the
most appropriate and cost-effective options of dealing with the huge amount of data
generated by IoT-based system. It also opens up new possibilities for data integration,
aggregation, and sharing with others [9, 10]. Acquired data is transported to nodes
with high capabilities due to IoT devices that have limited processing capabilities
that make the data processing to be more complicated and sometimes impossible to
process this huge data. The IoT generated data will be transported to where aggre-
gation and processing takes place. Yet, without a suitable underlying infrastructure,
achieving scalability remains a difficulty. The Cloud provided a virtual computing
capabilities and an on-demand usage paradigm [10]. In order to improve income
and decrease hazards at a cheaper cost, predictive techniques and data-driven policy
making can be included into the IoT [9].

4 Framework for IoT and Cloud in Elderly Activity
Monitoring Systems

The architecture of the IoT-Cloud Elderly Activity Monitoring System (ICEAMS)
is a difficult task, and several solutions were investigated. One of the key problems
facing IoT’s reality in developing smart personalized healthcare systems is data
collecting and integration from different IoT devices. Because IoT devices collect
complex and dynamic data on medical evaluation, monitoring, and therapy plans,
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and predictions in healthcare, appraising or incorporating a large amount of data
is difficult. Data aggregation from individual device data sources is a critical issue
that requires immediate attention. As a result, it’ll be fascinating to discover which
IoT sensors boost the performance of intelligent systems that gather a variety of
disease indications. As a result, it would be critical to look into whether there was
any other background data that could help the model perform better. Furthermore,
more research is needed to determine the quality of the properties chosen from each
biomarker.

Evaluation, treatment planning, and prediction are other important aspects of IoT
implementation for elderly activity monitoring systems. These are needed to create a
system capable of switching among web and local storage categorization algorithms
with little processing time while actually providing and onward patient information
care. This chapter lays out the framework for ICEAMS, a system that monitors the
health of elderly people via a network of wearable sensors. Body temperature and
pulse, for example, aid in the collection of physiological pointers. Because of the
sensitive data acquired from these embedded devices, it will be uploaded straight to
the public cloud sensor nodes’ limited computing and storage capabilities, as well
as to prevent utilizing a smartphone as a sensor module.

The ICEAMS employs cellphones and wearable sensors to watch seniors in real
time, resulting in increased medical productivity by providing a more efficient and
effective healthcare network with home-based supervision. The main goal of the
ICEAMS is to track clinical data collected from the elderly’s wearable device, create
a data record in the cloud server, as well as then make this data available to registered
healthcare practitioners and clinicians at any time. The process is made up of three
layers that work together to achieve the system’s goals. For example, in the older
person’s layers, each layer has its own standards andmethods, but themost important
components are that the devices, as well as the pathways, should be able to link to
cloud services to store patient data. Figure 3 depicts the system’s primary layers.

4.1 Elderly Patients’ Layer (Wearable Devices)

The patient’s body is equipped with a wearable monitor and smartphone sensors to
collect clinical data. There are many different types of healthcare sensors accessible
today. These sensors calculate vital indicators like intensity of oxygen in the blood,
temperature, pulse rate, blood glucose, and SPo2 [89]. It’s critical to keep track of
these warning sign in the patient’s body because any suspicious data could lead to
an infection. A drop in the human body’s oxygen supply, for example, causes sleep
apnea, which can lead to death. Unusual blood pressure can lead to kidney illness
or diabetes, and should be monitored in elderly patients. The sensitive information
is transferred to the patient’s mobile app through Bluetooth and then to a database
server. In addition, sensors can calculate and deliver data on a daily basis without the
need for patient intervention (IoT), boosting the efficiency of interface design and
making it more convenient.
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Fig. 3 High-level overview of CI-WBSN system framework

4.2 IoT-Cloud-Based (Data Layer)

The cloud is a network place where data is stored and processed. Patient data can
be processed in the cloud and then made available for medical review through the
network.As a consequence, all recordswill be gathered and disseminated in the cloud
in order to identify any problem in medical data, and irregular disparities in patient
records will be categorized based on the patient’s condition and disease. All papers
will be transmitted to the patient’s and/or doctor’s website, the emergency room,
or both, depending on the patient’s circumstance. Hence, the IoT web encourages
collaboration and data transmission through its platform, which allows healthcare
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professionals to save client records, analyses, and diagnostics so that other specialists
may immediately read information related to shared interests. It displays patient
records in real-time updates and speedier medications.

4.3 Elderly Monitoring and Alert Platform (Hospital Layer)

The proposed system gives the medical doctor the opportunity of monitoring their
patient in real-time using the information receive from the sensory data captured
using various physiological devices. This can be done by study the data from cloud
database which has been process by machine learning algorithm. The application
gives the physicians update information about their patient conditions by replicates
data and deleting all data in the IoMT server immediately it arrives to give real-
time update on various signs. Therefore, making immediate decision in case of any
emergency before the situation worsens.

The remaining components of a supported sensor network are mostly utilized
for network pattern management and connections between device stages and their
objects. In addition, domain-specific management within the computer system can
be accessed and configured in the software program to access and configure similar
device activities such active/inactive timestamps and sensing frequency. Domain-
specific supervision, as a result, collaborates with both the public network and the
component to install sensor network configuration and updates, as well as the compo-
nent to inform/update the network’s services about the new modifications. Similarly,
the data analysis part of the cloud server exists, according to the services provided,
to handle data processing tasks such as statistical analysis.

4.4 Elderly Monitoring and Alert Platform (Hospital Layer)

This framework allows the doctor to keep track of the information and sensory data
of his or her patients. Physicians can study data from the program’s cloud and take
action based on it. This application replicates data in actual time by deleting all data
from the IoMT server immediately it arrives, ensuring that physicians are up to date
on the patient’s condition and assisting paramedics in making an immediate decision
in the event of an emergency before the situation worsens and hospital admission is
avoided.

The remaining components of a supported sensor network are mostly utilized
for network pattern management and connections between device stages and their
objects. In addition, domain-specific management within the computer system can
be accessed and configured in the software program to access and configure similar
device activities such active/inactive timestamps and sensing frequency. Domain-
specific supervision, as a result, collaborates with both the public network and the
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component to install sensor network configuration and updates, as well as the compo-
nent to inform/update the network’s services about the new modifications. Similarly,
the data analysis part of the cloud server exists, according to the facilities provided,
to handle data processing tasks such as statistical analysis.

4.5 The Gateway

This component is in charge of interfacing with patient devices that are used to
diagnose patients’ complaints and conduct initial data analysis. This component
produces a description of the circumstances of patients who have been referred to
healthcare.When an urgent condition is recognized, the Framework can also respond
to indicators of irregularity by submitting a request for assistance (e.g., a demand for
an assistant care provider) or an urgent request (e.g., a call for an ambulance).

5 The Practical Application of the Proposed Framework

5.1 Data Collection

IoTdata should be acquired via IoTmedical devices to observe the elderly’s activities.
The data obtained includes vital indicators like systolic and diastolic blood pressure,
pulse rate, oxygen levels, sugar levels, and other physiological data detected by bio-
medical sensors distributed on the elderly’s outfit or body using Body Area Network
(BAN) and integrated devices in garments. A Personal Area Network (PAN) can
also be used to monitor the elderly’s behavioral changes and to respond to emergen-
cies. The IoT devices continually detect and gather the data of health performance
parameters in order to assess the operational technology for the aged. The extracted
characteristics that keep track of your regular activities of human from MHEALTH
dataset [20] were used for the proposed system, like old people’s symptoms and body
position connecting wireless body sensors. Devices on the chest, ankle, and wrist are
utilized to track the different bodily parts moving.

The MHEALTH (Mobile HEALTH) dataset contains recordings of ten partici-
pants’ body motion and vital signs while undertaking various physical activities.
Sensors attached to the subject’s chest, right wrist, and left ankle track the motion of
various body components, including acceleration, rate of rotation, andmagnetic field
orientation. The sensor on the chest can also take 2-lead ECG readings, which can
be utilized for basic cardiac monitoring, screening for various arrhythmias, or exam-
ining the effects of exercise on the ECG. The ECG data are recorded by sensors on
the chest for heart rate monitoring [90, 91]. The dataset contains extracted features,
with each subject being stored in its own log file: “MHEALTH subject SUBJECT
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ID.log”, which was then converted to “SUBJECT ID.CSV”, with each record in the
data file has the fields.

5.2 Data Preprocessing

For the data mining process, it is necessary to perform a data pretreatment step on the
obtained IoT medical data to remove noise and inconsistencies. In addition, several
feature selection strategies are used with the goal of reducing dimensions to make
the classification portion of the senior monitoring system evaluation process easier.
Since the dataset has performed feature selection on the IoMT-based data, the data
preprocessing just concentrates on removing the noisy and inconsistencies in the
data using rule-based method.

5.3 Prediction Algorithm for the Proposed Elderly Activity
Monitoring System

The suggested system’s goal is to label a recorded activity using the methods
described in this chapter. Supervised machine learning algorithms were used, often
known as classifiers, to achieve such labeling. The first stage is training, which
involves using activities represented as features vectors and their labels to train the
parameters of a given classifier. After that, the trainedmodel is assessed by predicting
the label of a specific assessment action in a way that is distinct from the training set.

For senior activitymonitoring, a variety of classificationmethods have been inves-
tigated. However, there is no general classifier that surpasses all others when it
comes to person identification [92]. KNN, NBNB, RFRF, Bayesian Networks, SVM,
J48, Logistic Regression, Decision Tree, and ANN are among the most often used
classifiers, hence, the proposed system used XGBooster classifier.

5.3.1 XGBoost Classifier

Chen and Guestrin [93] popularized XGBoost, a machine learning classifier that
is both effective and scalable. The gradient enhancing decision tree first XGBoost
ideal, which associations many decision trees in a boosting manner. Each new tree is
created in order to lower the gradient boosting of the prior model’s residual. Residual
describes the differences between the real and expected values. The template has
been trained until the quantity of decision trees defines the threshold. XGBoost
follows the same notion of gradient boosting; to manage overfitting and enhance
efficiency, it employs the quantity of spikes, training rate, subsampling ratio, and
maximum tree depth are all variables to consider. Specifically, XGBoost optimizes
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the function goal, tree size, and scale of the weights, all of which are governed
by typical variables for normalization. With many hyper-parameters, the XGBoost
provides greater efficiency in a specific search space.

Gamma γ ∈ (θ,+∞) denotes minimal loss reduction, which includes a split
to render the partition on a tree’s leaf node, according to the hyper-parameters.
The minimum child weight wmc ∈ (θ, + ∞) is defined as the minimum instance
weight overall, implying that if the graph division stage yields a tree structure with
the instance weight sum less than wmc, the further partition will be discarded by
the tree. The early stop algorithm works to find the optimum number of epochs
that correspond to other hyper-parameters given. Finally, subsampling methods and
rc ∈ (0, 1) column subsample ratio concepts were also provided by XGBoost in
each tree. In the final step, to minimize the classification error, grid search is used to
control the hyper-parameters.

Given X ∈ R
n x d as training dataset with d features and n samples, XGBoost

object function in t th is represented by
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where the loss function � is represented by the first gradient gi , and, hi is the second
gradient of �. To measure the complexity of the model, the regularization �( ft ) =
γ T + 1

2ϕϕ2 was used, where the number of leaf nodes is represented by T.
As demonstrated in Eq. (3), the logistic loss � of the training loss measures how

well the model fits on the training data,
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given the t th training sample xi ∈ R
d, assume that aXGBoostmodel ofXGBcontains

K trees, the corresponding prediction ỹi is computed as

ỹi =
k∑

k=1

Fk(xi ) (4)

s.t. Fk ∈ XGB, where XGB = {F1, F2, F3, . . . , FK }. (5)

R programming language was used to implement the proposed classifier and
the evaluations were done using various performance metrics. The dataset with the
relevant activity monitoring recognition was used with seamlessly incorporate all
characteristics. The dataset contains 12 activities monitoring of elderly people.

Split the physical activities dataset vectors into two groups in a 70:30 ratio,
randomly selecting 70% for training and 30% for testing. To train the classifier
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on the training set, use the XGBoost machine learning approach. For the 12 phys-
ical activities, the label index includes class labels like Climbing stairs, Cycling,
Jogging, Frontal Elevation of Arms, Jump Front and Back, Lying down, Running,
Sitting and Relaxing, Standing, waist bends Forward, Walking, Knees bending. All
vectors that have the same values are added together and preserved. To determine
the performance of the classifier, use the test dataset.

Table 1 displays the performance of the projected system using activity observing
MHEALTH dataset using numerous metrics. The results obtained different metrics
showed that the projected system is essential and relevant in elderly activity moni-
toring system for prediction and classification. The model has the highest predicted
classification accuracy of 98.7%, which is excellent and may be used to forecast
the elderly physical activities. For the sake of simplicity, the classification system
generates results for the 12 physical activities designated as A1–A12.

To show how machine learning technique affects a classification on the activities
monitoring on the dataset, Table 2 compares the proposed approach with several
known approaches. Table 2 displays the cumulative performance measures for the
proposed system and other models using the decreased MHEALTH dataset. The
accuracy of the suggested approach is better than other approaches. The suggested
elderly activities monitoring system, in general, has a 98.7% accuracy, which is 1.6%
higher than the Multinomial Naïve Bayes with the second-highest accuracy. When
equated to other techniques using the reduced MHEALTH dataset, the proposed
approach performed better across all evaluation metrics. The proposed method’s
marginally higher accuracy is due to its robust feature selection and rule-based fitness
calculation.

The proposedmodel differs from previous elderly activities monitoring classifica-
tion models in that it uses a basic XGBoost estimate parameters that are appropriate
for input to create its classification effectively and efficiently. Moreover, the model

Table 1 Proposed method evaluation

Activities Accuracy (%) Precision (%) Recall (%) F-measure (%) ROC (%)

A1 95.4 96.2 96.8 95.7 95.3

A2 95.8 97.3 95.6 95.3 96.6

A3 97.3 97.6 97.3 98.4 98.1

A4 95.6 95.5 95.8 95.2 96.6

A5 98.2 97.8 98.4 98.8 99.3

A6 98.4 99.0 99.1 98.8 98.6

A7 96.7 97.3 97.1 96.9 96.6

A8 97.4 97.3 96.8 98.6 97.9

A9 98.3 98.8 98.7 98.5 98.8

A10 98.9 90.2 90.6 98.4 98.7

A11 96.4 96.5 96.8 96.2 96.7

A12 98.7 99.5 99.1 98.0 98.9
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Table 2 Summary of
performance comparison of
accuracy of existing work

Technique Dataset Accuracy (%)

Random Forest [94] UCI-HAR 60.0

CNN [95] UCI-HAR 90.9

K-Means [94] UCI-HAR 60.0

ANN [96] UCI-HAR 91.4

CNN [97] UCI-HAR 94.8

IBK [94] UCI-HAR 90.0

SVM [98] UCI-MHEALTH 65.4

Multinomial Naïve Bayes
[20]

UCI-MHEALTH 97.1

CNN-pff [98] UCI-MHEALTH 91.9

Naïve Bayes [94] UCI-HAR 79.0

Proposed Model UCI-MHEALTH 98.7

knows and examines high-level functionality, automatically decreases data dimen-
sionality, and effectively portrays important features due to the reduced hidden layer.
As a consequence, the proposed model is optimal for use in classification in health-
care industrieswith a vast amount of unlabeled and unstructured data, such asmedical
data.

6 Conclusions

Continuous population growth and corresponding increases in life expectancy,
combined with worldwide infectious disease outbreaks in recent years, has prompted
a quest for novel ways to make the most of limited resources. Automated illness
monitoring, diagnosis, prediction, and treatment of patients provides not only quick
data but also trustworthy service at a lower cost and correct outcomes from medical
specialists. However, the healthcare system faces issues such as a lack of proper
medical information, misdiagnosis, data treatment, and medical information trans-
mission delays. To solve these identified problems this chapter proposed IoT-based
cloud elderly monitoring system. The design integrates a deep learning mechanism
to train the data using a XGBoost for classification of the capture data from the IoT
devices. The data collected from different wearable sensors like body temperature,
glucose sensors, heartbeat sensors, and chest were transmitted through IoT devices
to the integrated cloud database. Deep learning was used to extract features from the
patient capture data and the sensor signal is analyzed using XGBoost for the moni-
toring of the elderly activity. The proposed system can be widely used to monitor and
diagnose patient physiological health situations globally using an internal network,
hence, eliminating medical faults, reduce healthcare costs, minimize pressure on
medical experts, enhancing patient satisfaction, and increase productivity in the
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healthcare system. The proposed model used XGBoost for the classification of the
capture data using IoT-based devices and sensors from elderly activities, the result
shown an improvement when compare with the recent state-of-the-art model.
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for Elderly Healthcare
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Abstract Falls are a leading cause of immobility, morbidity, and mortality in older
adults. Falls incur high cost to health services with millions of bed days. Half of the
older adults over 65 years old, fall in a span of 5 years with 62% sustaining injuries
and 28% protracting extensive injuries. Automatic fall detection system for elderly
healthcare through Internet of Things (IoT) human-centered design can provide
timely detection and communication of fall events for immediate medical aid in case
of injury or unconsciousness. Fall detection systems have been reported to provide
reduction in death rates of up to 80% due to timely medical support. In this chapter,
we discuss elderly-centric IoT based fall detection system for smart homes and care
centers with emphasis on edge, fog and cloud IoT layers. Sensing edge devices with
wearable/environmental sensors, vision-based systems, and radio frequency sensing
systems, such as WiFi-based sensing and RADAR are presented for an IoT-centered
fall detection system. IoT gateways and communication protocols for the fog layer
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are discussed in the context of a fall detection system. Cloud processing of edge
device data for fall activity detection and classification from activities of daily life
is explained. Machine and deep learning algorithms for detection of fall events from
1 and 2D signals (image/video) are presented and various deployment scenarios are
discussed in the context of edge or cloud IoT layers. This chapter is concluded with
results and performance comparison of several IoT centered fall detection systems
in terms of various sensing systems and state-of-the-art machine and deep learning
models for effective detection of falls for elderly healthcare. Furthermore, future
work and prospective improvements in IoT centered design for fall detection in
elderly healthcare is discussed.

Keywords Internet-of-Things · Fall detection system ·Wearable systems ·
WiFi/Radar sensing ·Machine learning · Deep learning

1 Introduction

A fall is defined as an inadvertent descent to the ground or floor. Falls may result
in fatal or non-fatal injuries. Falls in elderly may result in fractures and are costly
in terms of health services. They are usually associated with multifactorial causes
including age, patient history, muscle weakness, visual impairment, poor balance
and environmental causes. Falls are the second highest cause of unintentional deaths
worldwide after road accidents [1]. Worldwide 37.3 million falls require medical
attention with 0.68million deaths. Adults over 60 years old suffer the highest number
of deaths due to falls worldwide [1]. In the UK alone, half of the older adults over
65 years old fall in a span of 5 years with 62% sustaining injuries. Among those who
suffer from falls, 28% sustain extensive injuries, 21% lose confidence and 10% lose
independence [2]. Falls cost 4 million bed days to UKNational Health Service, along
with 4 billion pounds in health-related costs [3]. The cost of falls in terms of high
morbidity and immobility has resulted in a focus on fall detection systems for older
adults. The system can detect occurrence of fall events and are imperative for older
adults who live alone and may not be able to call for help due to unconsciousness or
injury. Fall detection systems can provide timely intimation of fall events resulting
in immediate medical help and are known to improve hospitalization by 26% and
death rates reduction by 80% [4].

Internet-of-Things (IoT) consists of a large number of smart physical devices
connected to the Internet through gateways without human–computer interaction
and can communicate data in real-time. IoT based fall detection system can transfer
real-time fall events to the cloud with smart sensing devices acting as “things”.

Figure 1 illustrates an IoT based fall detection system with IoT edge, gateway and
cloud. The system can utilize various communication technologies for access to the
Internet, such as WiFi, GSM and 5G. The sensing devices in a fall detection system
can be categorized into three broad categories (1) wearable sensors, (2) vision-based
sensors and (3)WiFi/Radar sensing devices. The devices gather human activity data,
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Fig. 1 Fall detection system overview

such as acceleration values from human bodymovements. The data can be processed
at the transmitting embedded device for classification and detection of falls or at
the receiver side on the IoT Gateway by the corresponding processing device. The
processed data is transmitted to the IoT cloud from where it can be accessed through
smartphones or desktop computers. The fall events can be communicated through
cloud to a server in a medical emergency center in real-time, which is essential
for dispatching timely medical aid. The level of processing done at the IoT edge
device or gateway and the data to be sent to the server are flexible design decisions.
Security and privacy issues that may not arise in traditional offline fall detection
systems are important aspects for an IoT based fall detection system. Encryption and
decryption process are part of the real-time processing tasks for IoT based sensing
for fall detection.

Figure 2 illustrates the concept with three sensing devices, a wearable accelerom-
eter, a camera and a WiFi sensing device. The accelerometer gives acceleration
values of body movements in units of “g” (9.8 m/sec2). The video frames and WiFi
Channel State Information (CSI) are obtained from the camera and the WiFi sensing
device. WiFi CSI values are variations in wireless channel estimation that vary over
time due to changes in wireless channel caused by objects and human body move-
ments in the vicinity. The signals from various sensing devices are processed with
signal processing algorithms, such as time–frequency spectrograms for 1D signals or
foreground–background segmentation for 2D/3D images or video frames to obtain
moving objects. Machine Learning (ML) classification algorithms are applied to the
processed data and features to detect falls at the IoT edge device.

Deep learning algorithms are also utilized for classification in fall detection
systems [5, 6]. However, deep learning techniques are computationally intensive
and may be deployed at the IoT gateway or cloud due to high processing require-
ments. In this scenario, the signals from sensing devices can be processed at the edge.
Edge processing usually involves removal of outliers in sensor readings and use of
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Fig. 2 IoT based fall detection system processing and classification

signal processing techniques, such as application of digital filters for de-noising or
to obtain certain frequency ranges. The processing at edge device may also include
compression along with encryption before transmission of signals. The transmitted
signal can then be further processed at the IoT gateway. Deep learning techniques
require higher throughput for training and can be applied at the processing device
connected to the gateway, such as a desktop computer. Furthermore, the signal can be
transmitted to the cloudwhere it can be visualized in real-time. The cloud offersmore
flexibility in computing resources and a large number of signals can be processed
at the cloud with high throughput graphics processing units. More complex deep
learning models can be utilized at the cloud for higher classification accuracy of
fall events. Figure 2 illustrates both the scenarios with processing and classification
performed at the edge device or at the gateway/cloud.

The next sections present different IoT layers. Section 2 discusses the edge IoT
layer and its essential characteristics. Sections 3 and 4 present the fog IoT layer and
the cloud layer, respectively. Section 5 presents the ML algorithms utilized for fall
detection and Sect. 6 gives the performance results and metrics.
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2 Edge IoT Layer

Edge IoT layer consists of edge devices which make up the sensing system end of the
fall detection system and consists of sensors and embedded processors. Section 2.1
discusses the salient characteristics of edge devices and Sects. 2.2, 2.3 and 2.4 present
the edge layer sensors and processing for wearable, vision-based and WiFi/Radar-
based sensing systems.

2.1 Edge Devices

The edge devices are mostly made up of various embedded boards for processing
and consist of embedded cores and Field Programmable Gate Array (FPGA) based
reconfigurable System on Chip (SoC) devices. The smartphones are also part of the
edge IoT layer. The IoT based fall detection systems have their own unique issues and
demand stringent requirements compared to non-IoT based fall detection systems,
such as privacy and security issues that may arise due to uniquely addressable devices
and their global Internet connectivity.

The edge IoT layer embedded edge platforms should have most if not all the
following characteristics with stringent requirements for security and privacy:

(1) Uniquely Identifiable: The edge devices used for fall detection should be
uniquely identifiable. An IP address provides a globally unique address to
identify a particular user with the wearable sensor or an environment where
the sensor is installed.

(2) Smart platform: The device should provide a smart platform with sensor or
wireless sensor connectivity with processing capabilities and an embedded
core for running various tasks and algorithms.

(3) Embedded ML cores: Nowadays ML cores for learning and classification
tasks are becoming a norm on edge devices. The custom application specific
integrated circuits are an essential requirement for low-power and real-time
edge Artificial Intelligence (AI).

(4) Real-time processing: Unlike the edge devices for measuring temperature and
other environmental factors that can do with lower sampling rates of a sample
per minute, the device for fall detection systems provide higher sampling rate
in real-time to process or transmit data from sensors. The accelerometers can
use a typical sampling rate of 50 samples per second, camera based systems
should be able to provide higher rates from 30 to 60 frames per second and a
wide range of resolutions. Typical WiFi sensing systems have sampling rates
from 50 samples per second up to 400 samples per second for 5G software
defined radios used for healthcare activity classification.

(5) Energy efficiency: The devices should provide higher energy efficiency.
However, the requirements vary from system to system and depend upon the
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type of sensors. Wearable sensors with Inertial Measurement Units (IMU)
should typically work in a current range of micro Amperes.

(6) Power management: Power management is an important aspect and the
devices should have support for sleepmode to save power, e.g., sensor readings
may not be required, when the person with a wearable sensor is sleeping or
resting.

(7) Privacy and security: Privacy and security are important aspects of sensing
devices for IoT based fall detection systems. The unique IP addresses allow the
sensors to be accessed globally and should provide encryption of data along
with authentication mechanisms for the edge devices utilized for fall detection
systems. The vision-based sensing platforms in this regard create a higher
security risk and should have stringent access authentication to avoid hacking.

A large number of embedded platforms can be utilized for IoT based fall detec-
tion system. Embedded platforms such as Raspberry Pi Pico [7], Arduino [8] and
NodeMCU [9] are ubiquitous in edge devices with IMU units. Low power and
small form factor IoT capable boards are a good choice for fall detection systems.
Embedded platforms, such as Adafruit FLORA [10] with 1.75 inch diameter are
easily wearable and integrate Arduino compatible microcontroller with accelerome-
ters and gyroscope sensors through Inter-Integrated Circuit (I2C) bus. iNEMO [11]
embedded platforms by STMicroelectronics integrate accelerometer, gyroscope and
magnetometerwith an embeddedMLcore in a small form factor. Similarly embedded
vision platforms, such as iENSOvisionboard [12] combines edgebasedAI and image
processing capabilities in a small form factor of 2.3 × 2.2 cm.

Reconfigurable SoC embedded platforms are a method of choice for edge IoT
devices and have been utilized for fall detection system [13]. They provide a
good trade-off between higher flexibility and low power for implementing signal
processing techniques, feature extraction or ML classifiers on programmable logic.
The signal processing can be implemented both in programmable logic and on hard-
wareARMcores on the SoC device depending upon the computational requirements.
Xilinx Zynq SoC has been utilized for fall detection. The SoC provides ARM cores
and programmable logic for implementing computationally intensive algorithms for
fall detection. Figure 3 illustrates the Zynq SoC [14] architecture with ARM cores,
programmable logic and Xilinx proprietary AXI bus for connecting the accelerator

Fig. 3 Reconfigurable embedded platform for a fall detection system
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with the ARM cores. Fall detection sensors, such as an IMU with accelerometer and
gyroscope sensors can be connected to the ARM core through the Serial Peripheral
Interface or I2C bus.

An example fall detection system presented by Tahir et al. [13] based on the
Zynq platform is illustrated in Fig. 4. The system implements feature extraction in
programmable logic andML classification for fall detection in software on the ARM
core. The sensor transmits accelerometer data from sensor to a Zynq edge device
wirelessly. The signal is processed to compute mean and the zero meaned signal is
wavelet transformed to obtain fractal features for fall detection on programmable
logic. The features are passed to the ARM core for ML classification in software.
The feature extraction process is implemented on programmable logic since it is
more computationally intensive than the Linear Discriminant Analysis (LDA) algo-
rithm. LDA is computationally less intensive than the feature extraction process [13].
Furthermore, apart from reconfigurable platforms, smartphone are ubiquitous edge
devices with inbuilt sensors, such as accelerometer and gyroscope that can be utilized
for fall detection. Smartphones can also be used with smart watches. Apple wearable

Fig. 4 An example of a reconfigurable fall detection system on a reconfigurable SoC device
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watch can detect falls and send messages directly through the Apple smartphone to
emergency contacts. The smartphone-based wearable’s get Internet connectivity for
fall event occurrence through the smartphone directly connected through GSM or
WiFi router [15].

2.2 Wearable/Environmental Sensing System

Accelerometers and Gyroscopes can be used to track human motion via wearable
devices or embedded in smartphones that users carry [16]. This can be advantageous
if the user already owns a capable mobile device but is an expensive alternative
otherwise. The wearable devices can be in the form of smart watches with embedded
accelerometers. Accelerometers work together with gyroscopes to be able to deter-
mine the orientation of the user’s body [17]. The data received from the accelerom-
eters can be applied to ML algorithms to classify the human motion taking place
[18]. Pressure sensors electrode arrays woven into fabric which can be worn by the
user and allows for the detection of muscle movement and thus the detection of
movement [19]. Pressure sensors can also be applied to furniture material to detect
sit-to-stand and stand-to-sit motions [20]. Acoustic sensors are electrical devices that
have the ability to measure sound waves in the environment. The sound waves can
be used for fall detection systems by analyzing the acoustic signals [20]. The signals
received from these sensors are then processed to remove noise from the signals.
These noise removing filters can include high and/or low Butterworth filters [21].
These processed signals can then be used in AI to train models which can recognize
the acoustic waves accompanying a fall [22]. Figure 5 shows the process followed
for wearable fall detection systems.

2.3 Vision-Based Sensing Systems

Camera technology can be used to record individuals. Thismethodwill allow the user
to not have to wear any devices while beingmonitored.ML can be used to remove the
need for a human to be observing the video footage which can prevent the subject
from feeling that they are being watched. This type of system can achieve high
accuracy [23]. However, camera systems can sometimes be expensive. To decrease
the costs of the systems, devices such as a low-cost Raspberry Pi devicewith a camera
can be used to obtain good performance compared to more expensive devices [24,
25]. ML can be applied to the frames of the footage to establish if an individual has
fallen [26]. Depth sensors work by using two sensors with a known range between
them to calculate the depth [27]. As the depth changes, movement can be inferred.
Kinect sensors are well known devices for Microsoft’s Xbox gaming console. The
device is allowed for gaming where people’s movements would be sensed as input.
An example of this is for games where the users are required to perform dancing
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Fig. 5 Fall detection system
using wearable sensors

[28]. These sensors can be applied with deep learning to be able to classify poses of
humans within healthcare applications [29].

2.4 Contactless Non-interference Sensing

Radio Frequency (RF) and Radar are contactless methods that allow for detection
of human movements without the need for the user to wear a device or have vision-
based sensors raising privacy concerns. This removes the problem of users having
to remember to wear devices and avoids any discomfort of either wearing devices or
the intrusiveness of vision-based systems in the home. These methods are known as
contactless non-intrusive methods of detection.

2.4.1 Radar Sensing

Radar technology provides sensing of the environment which can be used to
monitor daily routine activities of elderly people [30]. Radar based sensing works by
exploiting the Doppler signatures created on radar when movement occurs [31]. This
can be used in healthcare applications for example if an elderly person experiences
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Fig. 6 A Spectrogram
displaying a falling action

Fig. 7 Radar fall detection
system processing

a fall. The Doppler signatures can be presented using spectrograms. Spectrograms
are visual representations of the spectrum of frequencies of a signal. An example of
a spectrogram containing a fall activity is shown in Fig. 6.

These spectrogram images can be used in AI for image classification of what
activity takes place in that particular spectrogram [32–35]. Figure 7 displays the
process used in a radar fall detection system.

2.4.2 Radio Frequency Sensing

Radio Frequency Sensing works by observing the state of a wireless communication
link between devices such as the case with a WiFi network within the home. As the
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signals travel through the atmosphere, they will propagate differently depending on
objects in the room. These objects can include humans and the signals will propagate
differently depending on the positioning of the body. WiFi records the information
of the signal propagation, and this is called the CSI. The CSI is used from WiFi
to look at the amplitude of the RF signals while the human moves between the RF
signals [36, 37]. Figures 8 and 9 show CSI amplitude samples of a falling motion and
a non-falling action. The CSI describes how the wireless signal propagates between

Fig. 8 Sample of a fall
event captured using CSI
amplitude

Fig. 9 Sample of a no fall
event captured using CSI
amplitude
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Fig. 10 RF fall detection
system processing

the transmitting node and receiving node [38]. This data can be exploited to detect
changes during a specific human motion such as the example of a fall occurring.

WiFi is considered superior due to its low cost and the extensive coverage already
present in homes [39]. Another advantage of usingWiFi is that it eliminates the need
for excessive equipment which can feel invasive, and the additional equipment can
be expensive and requires maintenance [38]. Systems that utilize minimal equipment
for fall detection are economically viable. A system using RF signals will monitor
the CSI of incoming signals. Signal processing is applied for noise reduction and to
make changes within the signal more prominent. The signals are then input into a
MLmodel,which can learn theCSI patterns and is trained to recognize a fall signature
in the CSI values. Then a trigger can be sent to indicate a fall has been detected in
the system. Figure 10 shows the process used in a RF fall detection system.

3 Fog IoT Layer

In fall detection systems, a fog IoT layer is composed of various components (mainly
IoTgateways) and communication technologies that connect the componentswith the
computing platforms. Particularly, the communication technologies in this context
include, but are not limited to, cellular networks (such as 5G, 4G, and GSM), Zigbee,
Bluetooth, NFC, WiFi, LoraWAN, and so on. IoT gateways have emerged as a key
component of a robust IoT platform that can help enable an effective fall detec-
tion system. The gateway acts as a communication and computing hub wherein
different sensors are connected to it via one of the communication technologies [40].
Furthermore, gateways connect those sensors to different users, applications, and the
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Fig. 11 The IoT communication architecture

Internet. In most cases, IoT gateways act as a bridge between sensors/actuators and
the Internet. The communication architecture of IoT is given in Fig. 11.

In terms of features set, gateways generally host one or more of the following
features:

(1) Gateways facilitate communication to/from sensors and Internet/non-Internet
devices.

(2) Data caching, streaming, data aggregation, pre-processing, cleansing, filtering
and optimization.

(3) System diagnostic and configuration management.
(4) Security-device and network security.

3.1 Communication Technologies

The communication architecture of IoT gateway depends on the underlying tech-
nology being used. The communication technologies can be divided into four cate-
gories, (i) Peer-to-Peer (P2P) technologies, (ii) Low-power and short-range mesh
technologies, (iii) Local Area Network (LAN) technologies, and (iv) low-power and
long distance technologies [41].
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3.1.1 Peer-To-Peer (P2P) Technologies

P2P means that only two devices are connected together directly. In the context of
IoT networks, a sensor node can be connected to the gateway in P2P fashion. P2P
technologies include legacy Bluetooth, WiFi Direct, and near field communication
(NFC). Bluetooth is the best known P2P technology, which is present in almost
every smartphone and tablet. Due to low range communication, it is much more
power efficient than WiFi and cellular technologies. WiFi Direct is an alternative to
Bluetooth, which is native to almost every modern-day smartphone. WiFi Direct is
P2P technology, which works without the need of an access point (AP). The working
principle is similar to infrastructure mode WiFi wherein one of the participating
devices takes roles of anAPwhile others act as clients.Generally,WiFiDirect is faster
than Bluetooth. Near field communication is another P2P technology which uses
electromagnetic field between coils to enable communication between two nodes.
NFC works on the principle of electromagnetic coupling, the communication range
is generally within an inch or two. This makes NFC a very secure technology with
a very little chance of eavesdropping.

3.1.2 Low Power and Short-Range Mesh Technologies

There are two main technologies that create a low-power and short-range mesh
network, which are Bluetooth low energy (BLE) and Zigbee. These technologies
are very important when someone is dealing with an application which has battery-
powered devices, sending a low amount of data to a shorter range. BLE is a highly
power-efficient communication protocol, which works with different devices, trans-
mitting data at different rates. BLE is highly scalable supporting up to 32, 767 devices
connected in a mesh network. BLE is among the most adopted technologies in IoT
networks, especially in the Internet of medical things settings. BLE uses the 2.4 GHz
band. Zigbee is a competitor of BLE that uses the same 2.4 GHz band, operates
in a mesh network topology and has the same range as of BLE. In terms of scala-
bility, Zigbee supports twice as many devices as supported by BLE, that is, around
65,000 devices. Home automation and industrial automation are a few applications
of Zigbee.

3.1.3 Local Area Network (LAN) Technologies

WiFi is a good option in the scenarios wherein sensors support wireless LAN and
need direct access to the Internet. The coverage area provided by the WiFi is better
than Zigbee and BLE. In addition, WiFi is a readily available technology and its
coverage is ubiquitous. Another advantage of WiFi is the supported data rate, which
is far better than Zigbee and BLE. However, these advantages come at the expense
of power consumption. The power consumption of WiFi is a way more than Zigbee
and BLE.
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3.1.4 Long-Distance Low-Power Technologies

There can be scenarios where IoT devices are deployed at remote locations and they
send a low amount of data to the Internet. For instance, weather monitoring sensors
mostly have very low data to send. The cellular technologies, such as GSM and
LTE are not suitable in this scenario as they generally do not support very low data
rates. These kinds of scenarios are generally known as low-powerwide area networks
(LPWAN). Themost popular technologies in LPWANare LoRa/LoRaWAN, narrow-
band IoT (NB-IoT), andLTE-M.LoRa is a long-range P2P technology having a range
of more than 6 miles in some areas. The frequency range of LoRa varies in different
regions. For instance, inNorthAmerica, the operating frequency of LoRa is 915MHz
while in Europe it is around 868 MHz. In some areas it is also licensed at 169 MHz
and 433 MHz. LoRa is the underlying technology while LoRaWAN is a network
layer protocol. The only way to provide Internet access to LoRa devices is through
a LoRa gateway. On the other hand, NB-IoT is a cellular based technology, which
provides coverage to remote sensors. Being a cellular technology, it is complex and
more expensive in terms of budget and power consumption. However, it provides a
direct access to the Internet. NB-IoT supports low data rates but it is not yet deployed
inmany areas of theworld. LTE-M is best suitable for long distance and high data rate
scenarios. LTEM provides sensors a direct access to the Internet using 4G cellular
network. LTE-M is fundamentally different from standard LTE technology as it is
optimized for the low-power consumption suitable for battery powered devices.

Themost commondata communicationprotocols areMessageQueuingTelemetry
Transport (MQTT), Constrained Application Protocol (CoAP), Advanced Message
Queuing Protocol (AMQP), Data-Distribution Service for Real-Time Systems
(DDS), and Hypertext Transfer Protocol (HTTP). The details of these protocols
can be found at [42].

4 Cloud IoT Layer

The cloud layer in an IoT network supports caching and processing capabilities that
can be accessed by different IoT devices and applications. The resources at the cloud
(caching, processing, etc.) can be accessed by different IoT applications anytime and
anywhere. To this aim, different API are used which are generally made available
to any HTTP client. For instance, Google cloud IoT Core API mainly comprises
two sets of REST resources: cloud IoT and cloud IoT device. In order to get the
information about different subscribers virtualization technology is used, which is
also helpful in getting the segregation of IoT applications. With the help of APIs
and virtualization, IoT applications can provide different quality of service (QoS) to
different users over the same physical network.
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5 Machine and Deep Learning Algorithms

Random forest algorithm works by using a collection of decision trees. These trees
make predictions based on features found in the training data. Each trees prediction
is considered a vote. The majority of predictions decide the final Random Forest
prediction [43]. The K-Nearest Neighbors algorithm is well known for its simplicity.
KNN makes direct comparisons between the testing data and training data [44]. The
features of the training data are assigned a K sample then the testing data is assigned
to theK samplewith the nearestmatch [45]. During the training phase Support Vector
Machine attempts to create boundaries known as hyper planes between classes. The
hyperplane is positioned as far as possible from the closest data points of the classes
present in the data. These points are known as the support vectors [46]. The hyper
planes are used to divide the support vectors into the different categories. The features
of new data are used to place the new data between the hyper planes and provide
classification [47].

The Long short-term memory (LSTM) deep learning algorithm is an extension
of a recurring neural network (RNN). A recurring neural network is a type of neural
network which models the dynamic behavior of sequences of data between nodes of
the neural network. LSTM expands on RNN with the use of three different gates on
each node. The first gate decides if the current state should be erased. The second
gate is used to control if input should be considered, and the final gate decides if the
state should be included in the node output. These gates allow for LSTM to decide
if the sequence of data is relevant to the output of the node [48]. Bi-directional
long short-term memory (BiLSTM) is a further extension of LSTM. Where LSTM
only considers past behaviors of data sequences, the BiLSTM considers data in both
previous and upcoming data in the sequence. This is possible with the use of two
LSTM networks. One LSTM network, the forward LSTM network, can review past
data sequences and the backward LSTM network can review future data sequences
[49]. The CNN algorithm is an emerging technology which is a powerful solution
for image classification problems which were initially thought to require human
intelligence [50–52]. The CNN algorithm is made up of densely connected layers
that take the activations of all the previous layers as input. The layers produce feature
maps from this input which are known as growth rates [53]. CNN algorithms come
in the form of 1 Dimension (1D), 2 Dimensions (2D) and 3 Dimensions (3D) with
3D resulting in highest computational power requirements [38]. 1D, 2D and 3D
CNN refers to the number of directions the kernel moves in. 1D CNN makes use
of 2 dimensional inputs and outputs for example time-series data. 2D CNN uses
inputs and outputs of 3 dimensions and is mostly used for image data. 3D CNN is 4
dimensional for input and output and is mostly used on 3d image data such as MRI
and CT scans.



IoT Based Fall Detection System for Elderly Healthcare 225

6 Performance Metrics and Results

The severe consequences of falls in the older population have called for the innovative
use of technology to develop systems that are capable of detecting and reporting the
fall events, if and when they happen. However, without the right metrics to evaluate
such systems, the wider community and healthcare systems across the world, will
not be able to confidently trust the technology and rely on it. This section therefore
identifies and presents evaluation metrics for different fall detection systems.

6.1 Evaluation Metrics

To evaluate the performance of an FDS, it is important to consider the main building
blocks of the system, from the technology used, to the hardware and software, to
installation, and others. Accordingly, the following metrics have been identified to
evaluate any fall detection system, for research or commercialization purposes:

(1) System accuracy in real-time detection—Essential to all fall detection systems.
(2) Alert generation feature—Essential to all fall detection systems.
(3) System portability and ease of deployment—Optional to some fall detection

systems.

6.1.1 System Accuracy Metrics

An important aspect of fall detection systems is the real-time feature, meaning the
system’s ability to accurately report the activities of the monitored person, as they
happen, to a user friendly web-interface or dashboard, in a near-instant timing. From
this, three Key Performance Indicators (KPIs) need to be considered, to ensure a
perfect score in this metric:

(1) Event detection accuracy
(2) Event logging in real-time
(3) User friendliness of the web-interface

The accuracy of detection has two folds. The first is the method implemented to
capture the event, whether using contactless technology, wearable sensors, and/or
vision-based sensing devices. The second is the accuracy of the AI-based algorithm
implemented to intelligently classify or infer the event being a normal activity or a fall.
This therefore needs to be considered in the system design phase where large datasets
with inter and intra-class variations are collected, and extensive testing scenarios are
considered. A typical framework to evaluate the accuracy of fall detection systems
can be found in [54] where four binary classifications are considered: • True Positive
(TP)—A fall event was correctly detected • True Negative (TN)—A non-fall event
was correctly detected • False Positive (FP)—A non-fall event incorrectly detected
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as fall • False Negative (FN)—A fall event incorrectly detected as non-fall. The
four binary classifications, TP, TN, FP and FN, are used to generate four algorithm
performance metrics, that is, Accuracy, Precision, Recall, and F1-Score. The Accu-
racy displays the total number of correct classifications versus the total classifications
made (see Eq. 1).

Accuracy = TP+ TN

TP+ TN+ FP+ FN
(1)

The Precision metric is used to measure one of the classifications against how
precise it is in comparison to all classifications.

Prescision = TP

TP+ FP
(2)

TheRecall is used to show the ratio of the correct classification to all classifications
for a particular class. This is usually run for all classes in the model and presented
as an average.

Recall = TP

TP+ FN
(3)

The F1-score is used to provide an average between the Precision and Recall
metrics.

F1− Score = 2× Precision× Recall

Precision + Recall
(4)

A typical representation of the four values TP, TN, FP and FN, is in the form
of a confusion matrix, see Fig. 12. A confusion matrix is one that is usually used
to represent the performance of a classification model to tell how much of the test

Fig. 12 Confusion matrix
showing the true and false
classifications
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data has been correctly predicted. In other words, how many data samples have been
confused to be a different classification as compared to the true class?

Although all four values are important and need to be scored and calculated
with as much data as possible, the most serious one is the FN as it is the one that
could mean patients or individuals can be in a serious condition, without the system
reporting the status. The FP value, while it doesn’t have a life-threatening impact,
can result in resource waste and damage to the environment if the system was linked
to emergency response and constant false alarms were generated. Event logging in
real-time: It is crucial to ensure the system reports the event, regardless of what it
is, in a timely manner. The severity of delayed reporting is usually associated with
the “fall” only, however it is important to ensure a fully functional system. The time
between incident and notification/reporting can differ and therefore it needs to be
measured and evaluated during the early testing stages of such systems. This can
be performed by comparing the reported times to the actual event. Nevertheless, the
challenge in conducting this test is coming up with a non-invasive/intrusive method
to record the actual event performed and exact timing. User-friendliness of the web-
interface: This metric is rather a qualitative one, yet crucial to the success of such
systems. To the end user, especially care takers or emergency services, the interface
is “the system” as they will interact with it and not the sensing technology, majority
of the time. Accordingly, design ideas could be shared with the target users, in focus
groups, prior to implementing them or ideas collected through questionnaires and/or
interviews. To develop a dashboard, the following can be considered:

(1) Dashboard accessibility
(2) Dashboard design—Color coded events reporting, animation for alerts etc.
(3) Security of the reported data and the personal information.

6.1.2 Alert Generation

A crucial design objective for remote healthcare monitoring in general and for fall
detection systems in particular, is the generation of accurate alerts. The alert genera-
tion feature can be useful to indicate potential threats to the patients and/or monitored
individuals, based on the recorded activity levels. This metric can also be used to
reflect the accuracy of the system, as it is crucial to ensure alerts are generated only
when and if necessary, as well as its real-time feature, previously discussed.

The alert generation metric therefore encompasses two things, the alert type and
alert generation time. The type of alert meanswhat the systemwould output to inform
the target beneficiaries of the reported event. While it might seem trivial, it is crucial
to design the system such that the alert is as informative as it can be while ensuring
it is concise to enable the notified personnel to act upon it in a timely manner. Alerts
can be generated based on recorded activities and can therefore be scored to reflect
falls, sleep-time disturbance, sleeping time, room transition, wandering and general
activity. Each category has a different severity level and therefore the corresponding
alert/notification should be different. Secondly, comes the alert generation time,
which is closely tied to the real-time feature of the system, previously explained,
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to ensure the serious events are reported as soon as they happen, as it may mean a
person’s life is saved.

6.1.3 System Portability and Ease of Deployment

This metric will not apply to all fall detection systems and the use case would decide
on its application. The purpose of the metric is to evaluate the portability of the
system, in cases where it won’t be fixed in one place. Depending on the use, such
systems can be used for temporary monitoring of patients that are recovering from
accidents or surgeries, and so on. Thereby, it is important to have, in the market,
systems that can be installed and cleared out in a timely manner. This evaluation
metric will therefore be based on the number of hardware nodes/units associated
with the implementation of the system and would involve measuring the following:

(1) Portability—Is the system mobile or fixed
(2) Setup time—Is it a “Plug & Play” system or requires pre-planned setup
(3) Maintenance—What level of intervention is needed to maintain the system?

Can it be done remotely?

A score can be therefore given for every fall detection systems, based on the
above-mentioned.

Metrics, to evaluate its portability and ease of deployment.

6.1.4 Comparison of Results and Systems

Table 1 illustrates some of the fall detection systems presented in literature and gives
a comparison of four systems, each using a different technology to implement the
fall detection. The table is used to highlight the main aspects of any fall detection
system, i.e., the technology used, the applied algorithm (where applicable), and the
performance of the system in terms of its accuracy.

Table 1 Comparison between fall detection systems that utilize various technologies

Source Technology Algorithm System accuracy (%)

Aziz et al. [55] Accelerometer Support Vector Machine
(SVM)

80

Bloch et al. [56] Accelerometer and an
infrared sensor

Data fusion Sensitivity—62.5
Specificity—99.5

Debard et al. [57] Camera SVM Sensitivity: 88
Specificity: 95.6

Wang et al. [58] Radio Frequency SVM and Random Forest SVM: 90
Random Forest: 90
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As can be seen in Table 1, the performance of every system is reported and from
the figures, one can pick a favorite. However, as a whole system, the previously high-
lighted metrics in Sect. 6.1 need to be considered to arrive at an accurate evaluation
of every system.

Nevertheless, the highlighted metrics can, to some extent, be quantified or scored
for every system; the question remains. There are several other factors that research
studies have highlighted and are used to favor one system over the other. For instance,
some of the drawbacks of using camera-based systems include invasion of privacy,
the need for ambient light, and line-of-sight requirement for detection. As for the
wearable technology, concerns are usually around the inconvenience of having to
mount the device on the body, whether through direct or indirect skin contact, and
the severe consequences that can result from forgetting to wear them. The contactless
sensing technology has the advantage over the vision-based and wearable technolo-
gies as they do not pose any privacy concerns and are completely non-invasive,
however the accuracy is in occasions questioned, compared to sensor-based systems.
Therefore, it is crucial to consider several factors when designing a fall detection
system for research.

Edge IoT layer should be able to run computationally intensive deep learning
algorithms. Future research in this domain includes implementation of deep learning
algorithms on constrained edge devices for various classification tasks. The edge IoT
devices for an elderly fall detection system should be energy efficient and able to
perform power management for sustained real-time operation. Security and privacy
guarantees are an essential part of an IoT system in general and edge devices in
particular to ensure legal access to the sensing devices. Energy management and
security issues are active research topics in the IoT based fall detection systems.
Furthermore, use of RF systems allow contactless sensing through WiFi and radars.
Contactless sensing is the future of smart homes and healthcare centers because of its
non-invasive and non-intrusive nature. Future IoT cloud systemswill also incorporate
federated learning where edge devices can utilize locally available data to train local
models and the parameters are sent to a centralized model for averaging. Federated
learning in edge and cloud layers is an open area of research for IoT based fall
detection systems.

7 Conclusions

This chapter explained IoT based fall detection system for older adults. Fall detection
systems are essential tools for elderly healthcare and imperative for their health and
wellbeing. The IoT edge layer with different sensing systems and embedded plat-
forms was described. Essential elements of an IoT fall detection system system were
discussed. Different fall detection systems including wearable sensor, vision based
and radio frequency, such as WiFi and Radar were presented, and their processing
steps were discussed. An overview of fall detection systems in terms of their focus on
machine and deep learning techniques was given. The Fog and Cloud IoT layers were
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discussed and important communication technologies for Internet connectivity were
presented. Finally, their performance metrics and evaluation criteria were explained.
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mHealth Apps for Older Adults
and Persons with Parkinson’s Disease

Mattia Corzani

Abstract Recent years observedmassive growth inwearable technology, everything
can be smart: phones, watches, glasses, shirts, crutches, etc. These technologies are
prevalent in various fields: fromwellness, sports, andfitness to the healthcare domain.
The spread of this phenomenon led theWorld Health Organization to define the term
“mHealth” as “medical and public health practice supported by mobile devices,
such as mobile phones, patient monitoring devices, personal digital assistants, and
other wireless devices”. Furthermore, mHealth solutions are suitable to perform real-
time wearable biofeedback systems: sensors in the body area network connected
to a processing unit (smartphone) and a feedback device (loudspeaker) to measure
human functions and return them to the user as (bio)feedback signal. Considering the
COVID-19 pandemic emergency, never as today, we can say that the integration of
mHealth systems in our society may contribute to a new era of clinical practice. After
reporting a brief description of mHealth system architecture, this chapter explores
several opportunities where innovative mHealth solutions could improve assessment
and rehabilitation strategies for aging people and persons with Parkinson’s disease.
This chapter presents solutions that need medical support in a clinical context and
others that can be self-administered and require only a smartphone as a stand-alone
system. Finally, the Discussion highlights the challenges for future research and
development of innovative mHealth systems.

Keywords Mobile Health applications (mHealth apps) ·Wearable inertial
sensors · Assessment · Rehabilitation · IoT · Gait · Biofeedback

1 Introduction

The evolution ofmobile phones and electronic technology leads to continuousminia-
turization, making the mobile phone a really wearable device. The use of mobile and
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wireless technologies to support health objectives can transform the face of health
service delivery across the globe [1]. In 2011, the spread of this phenomenon had led
the Global Observatory for eHealth of the World Health Organization to define the
term “mHealth” as “medical and public health practice supported by mobile devices,
such as mobile phones, patient monitoring devices, personal digital assistants, and
other wireless devices” [2]. In 2021, the number of smartphone users world-wide
will grow to 3.8 billion, and today 45% of people in the world have smartphones [3].
This figure is up considerably from 2016 when there were 2.5 billion users, 34% of
that year’s global population [4].

mHealth apps appeared later, and they address a broad array of mHealth appli-
cations and the use of mobile phones, e.g., to monitor biological signals or support
healthy lifestyles. Thus, mHealth apps allow mobile devices as healthcare systems:
for prevention, assessment, therapeutic support, and rehabilitation of motor and non-
motor functions [5–7]. Importantly, the deployment of mHealth can be achieved
using the various sensors available inside smartphones (as a stand-alone system) or
in conjunction with external wearable sensors (as an integrated system).

Nowadays, mHealth reality is considered the biggest technological breakthrough,
and its potential is increasing together with the utility of mHealth apps [8]. In the
context of the ongoing COVID-19 pandemic, these technologies have become more
relevant than ever, thanks to the advantages they provide [9]. In fact, mHealth plat-
forms,with appropriate information technology (IT) andhealth literacy, can empower
patients to manage their condition better themselves [9]. For example, patients with
diabetes can monitor their blood glucose through mobile apps improving both the
quality of medical services and their safety [10].

In the following section of this chapter, Sect. 2. “mHealth System Architecture
connected with apps”, a generic system architecture to understand mHealth compo-
nents and workflow better is described. Section 3. “mHealth apps—Requirements
in the Healthcare field” reports the main requirements related to mHealth systems.
Section 4. “mHealth apps for Clinical Assessment” and Sect. 5. “mHealth apps for
Neuromotor Rehabilitation”present an overviewofmHealth solutions for the clinical
assessment and rehabilitation of the principal neuromotor dysfunctions experienced
by older adults (OA) and persons with Parkinson’s disease (PD). Finally, the Discus-
sion highlights the challenges for future research and development of innovative
mHealth systems.

2 mHealth System Architecture Connected with Apps

As a result of the growing demand for mHealth system, important research and
development efforts have been carried out during the last years both by academia
and industry in this area, driving great breakthroughs on enabler technologies, such as
wireless communications, micro- and even nano-electronics, or sensing techniques,
and materials [11, 12]. Advances in microelectronics and wireless communications
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have made Body Area Networks (BAN), which represent the key functional compo-
nent in amHealth systems [5, 13]. BAN are composed of tiny smart sensors deployed
in, on, or around a human body. These sensors are distributed on the human body
consequently with the different physiological parameters or/and body function to
measure. Thus, their location is an important aspect. It is possible to detect brain
activity (Electroencephalography—EEG) using a sensor near the scalp. Then, with
surface Electromyography (sEMG), it is possible to acquire the myoelectric activity
of the specificmuscles involved in the execution of selectedmotor tasks [14]. Besides,
wearing on the shoes Inertial Measurement Units (IMUs), which contains triaxial
accelerometer, gyroscope, and (optionally) magnetometer, it is possible to charac-
terize the motor behavior during gait [15]. Lastly, in the management of type 1
diabetes, patients use sensors able to detect blood glucose (BG) in real-time without
finger-pricks required [16].

Similarly for other main biosignals, as reported by Dias et al. [5]: Hearth Rate
(HR), Skin Perspiration (SP), Respiration Rate (RR), Oxygen Saturation (OS).
Importantly, locating the same sensors described above in inappropriate placeswould
not correctly detect the physiological parameters and features reported.

In common, these sensors are connected with a portable processing unit, like a
smartphone in mHealth systems connected with apps, to exchange information with
clinicians and/or send it as feedback to the patient. A schematic mHealth architecture
is designed based on literature review, where the BAN are composed of various
sensors properly located in the human body, Fig. 1.

Fig. 1 Schematic mHealth system architecture connected with apps, adapted from [5, 13, 17,
18]. PU (red), Portable Unit (for example a Smartphone). List of sensors node or physiological
parameters detected (blue): EEG, Electroencephalography; BG, Blood Glucose; RR, Respiration
Rate; HR, Hearth Rate; SP, Skin Perspiration; BP, Blood Pressure; OS, Oxygen Saturation; IMU,
Inertial Measurement Unit; sEMG, surface Electromyography
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2.1 Sensor Node

At first, the sensor architecture or, better, the sensor node is described: a sensor
network that is capable of performing some processing, gathering sensory infor-
mation, and communicating with the data-logger present in the network [19],
Fig. 2.

The main components of a sensor node are a microcontroller, transceiver, external
memory, power source, one or more sensors, consisting of a transducer, and A/D
converter:

• Transducer: varies its electrical properties to varying environmental conditions.
Usually Micro Electro Mechanical Systems (MEMS) technology ensures higher
efficiency, lower production costs, and less power consumption than other types
of sensors such as piezoelectric. However, depending on the application, a piezo-
electric transducer can be more accurate: to analyze human movement in high
dynamic tasks, it is common to prefer piezoelectric accelerometers [20, 21].

• A/DConverter—Analog to Digital Converter: converts the transducer’s voltage
value to a digital value. The A/D converter’s resolution implies a quantization of
the input: this necessarily introduces a small amount of error/noise. Furthermore,
an ADC converts the input periodically, sampling the data: this limits the input
signal’s allowable bandwidth.

• Micro-controller: it manages and controls the hardware of the sensor node, can
perform local online signal processing (filtering/amplify the signal, data fusion,
feature extraction).

• Transceiver: it connects the sensor node to the network. It can be an optical or
radio-frequency device.

• External memory: it is needed to store the program’s binary code running on the
sensor node.

• Power supply: source of power for communication (usuallymost affecting factor),
sensing, and data processing.

Fig. 2 Schematic overview of a sensor node
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2.2 Portable Processing Unit (PU)

The portable processing unit (PU), also denominated as data-logger, is where all the
information is gathered, containing the outputs and inputs of the mHealth system [5].
The communication between a node sensor and the data-logger is normally made
through wireless protocols, avoiding loose wires around the body leading to a higher
comfort and movement liberty. As Fig. 1 shows, PU can be a common smartphone
with a custom application installed on it. PU can receive data from online monitoring
devices and store it in a local memory. This two-way communication allows other
devices to establish a wirelessly connection to a main device, which stores the data of
several sensors. This system can also be helpful to label the timing of important events
using external devices [13, 17, 22]. The wireless protocols most popular in mHealth
systems are Radio Frequency Identification (RFID), ANT/ANT+, Bluetooth, Wi-Fi,
ZigBee, and LoRa (Long Range radio).

RFID is widely used primarily for tracking and identification purposes: a reader
or interrogator sends a signal to a tag or label attached to an object to be identi-
fied [23]. ANT/ANT+ is a proprietary protocol stack designed for ultra-low power,
short-range wireless communications in sensor networks, especially for health and
fitness monitoring systems [23]. It ensures low power consumption by using a low
data rate and can operate for more extended periods. Bluetooth is a short-range
radio-frequency-based connectivity between portables and fixed devices requiring
low power consumption and with a low-cost. It is widely implemented in commer-
cial devices like smartphones and laptops. The new Bluetooth technology named
Bluetooth Low Energy (BLE) has even a lower power consumption with a smaller
form factor. Interestingly, in Android devices, the data rate is highly dependent on
the model used, with a maximum of around 10 Mbps. Using Bluetooth connec-
tivity, one master device can communicate at a maximum with seven slave nodes,
forming a star-type network structure. Wi-Fi protocol lower layers were adopted,
allowing higher data throughput for low power requirements applications, not as
low as the Bluetooth technology but can also be a good connection protocol to use,
mainly when a higher distance of communication is needed [5]. ZigBee is another
technology used for low power and low data rate communication protected using
the Advanced Encryption Standard. This feature makes ZigBee ideal for medical
applications because it can consume less energy than Bluetooth versions earlier than
4.0, but with a lower data transferring rate [5]. LoRa technology is a long distance
coverage, low-cost and low power consumption wireless protocol. LoRa network
architecture is deployed in a star-of-stars topology where gateways relay messages
between end-devices and a central network server. The maximum number of nodes
that can communicate with a gateway module depends on its specifications, usually
defined by the number of packets it can support [24]. It has the disadvantage of low
data rate but a huge advantage of scalability and customization of several parameters
such as frequency channel, transmission power, and data rate. In the construction
of a wearable device, the communication protocol is crucial to identify the number
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Table 1 Wireless protocols main features. Adapted from Dias et al. [5], Majumder et al. [23]

Wireless protocol Max nodes
supported

Range Max data rate Power consumption

RFID 1 1–3 m 640 Kbps 200 mW

ANT/ANT+ 65 533 30 m 60 Kbps 1 mW

Bluetooth 1 master + 7 slaves 1–100 m 3 Mbps 2.5–100 mW

BLE 1 master + 7 slaves 1–100 m 10 Mbps 10 mW

Wi-Fi 255 200 m 54 Mbps 1 W

ZigBee 65 533 100 m 250 Kbps 35 mW

LoRa HIGH (depends on
gateway and single
packet)

50 km 700 bps LOW (customizable)

and the distances of the devices involved. Besides, there is also the need to mini-
mize energy consumption [25] and consider the wireless technologies available in
commercial devices (such as smartphones).

Table 1 summarizes some of the main features of these wireless protocols.
Mobile telecommunications technologies can also be used to transmit real-time data.
However, it is essential to implement strong encryption and authentication technology
to ensure a secure transmission channel over the long-range communication medium
for the safeguarding of personal medical information [23]. Alternatively, it is also
possible to handle sensors node inside the PU: for example, using only a smartphone
as a stand-alone system, thus exploiting their built-in sensors [6].

2.3 Offline Monitoring

All data from vital signs can be stored in a portable unit (micro-SD memory card
for example), for future use in medical analysis or just as a personal record. The
data can be stored while a real-time monitoring is occurring. The main aim of such
monitoring is to record vital data for clinic diagnosis and prediction by clinicians [5].
For example, sleep issues such as apnea, can be analyzed through saved data from the
patient: a home sleep monitoring allows to monitor sleep in a familiar environment
resulting in reliable data acquisition [22, 26]. Offline monitoring allows a high level
of data processing to give much more information that is valuable to the end-users
and clinicians, for example, using data mining techniques to have more in-depth
knowledge representation [26].
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2.4 Real-time Monitoring and Biofeedback System

With mHealth systems it is possible to perform clinical monitoring outside a medical
environment, alert the patient in case of any physiological problem or monitor
himself, and be updated on his vital signs during daily activities [17]. On the other
hand, in a medical environment mHealth systems allows the patients monitoring
inside the boundaries of a specific area, normally a hospital, where the patients
can move while their vital information is being wirelessly transmitted to a remote
monitoring center and thus made available to clinicians [5]. These live systems can
also be configured with a set of alarms for each patient helping in the detection of
some required anomaly. The vital signs can also be recorded in Medical Information
Systems to be later analyzed by clinicians [5, 13, 27]. However, the biggest advan-
tage of mHealth systems in real-time monitoring is the possibility of patient’s moni-
toring at home and outdoors, using Internet communications. This feature allows the
patient to has a normal life while being monitored, with his vital signs continuously
or intermittently transmitted to a remote monitoring center, with health support and,
if needed, inform the patient of his medical status [5].

Furthermore, vital signs and physiological parameters can also be transmitted to
portable devices, such as smartphones and smartwatches, to visualize and analyze
persons’ health status, allowing the so-calledBiofeedback (BF) process.BF is defined
as a process in which a system or agent accurately measures and feeds back, to
persons and their therapists, information with educational and reinforcing proper-
ties about their physiological processes in the form of analog or binary, auditory,
and/or visual feedback signals. The objectives are to help persons develop greater
awareness of, confidence in, and an increase in voluntary control over their physio-
logical processes that are otherwise outside awareness and/or under less voluntary
control [28]. With BF the information fed back to the patients adds or reinforces
their physiological sensory channels: thus, BF was also defined as augmented feed-
back [29]. With such self-monitoring systems [5], clinicians must carefully teach
patients how to use them at home, in particular, how to understand and react to
BF alerts [28]. For example, this is what already happens in the treatment of type 1
diabetics’ subjects. Several artificial pancreases have been developed to help manage
type 1 diabetes [30, 31]. To obtain satisfactory results, the clinician’s contribution
to patient education is crucial [10, 32]. In the last decades, self-monitoring and BF
systems were used in many areas such as instrumental conditioning of autonomic
nervous system responses, psychophysiology, behavior therapy, and medicine, stress
research and stress management strategies, electromyography, consciousness, elec-
troencephalography, cybernetics, and sports [28]. Nowadays, thanks to mHealth and
technological progress, BF systems will become more achievable.
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3 mHealth Apps—Requirements in the Healthcare Field

Healthcare systems have recognized the advantages of using Information and
Communication Technologies (ICT), including mHealth app systems, to improve
the quality of care, and they are now working, although at a different pace world-
wide, to turn traditional into smart healthcare [33]. To meet the increasing demands
of an aging population with chronic diseases and comorbidities, technology appears
to be to shift from clinic-centric to patient-centric healthcare [34]. Nevertheless,
to accelerate the shift toward the brave new world of mHealth, technology must
be appropriately designed with the aid of end-users. Many mHealth technologies
have failed to innovate the current clinical practice because they ignored the inter-
action between technology, human characteristics, and socio-economic environment
[35]. As an alternative to the technical industrial mindset, User-Centered Design has
proven to be an effective tool to realize products and services for the Healthcare
sector. User-Centered approach has to be included in the design process since the
starting phases to develop a product or system that is effective due to the close rela-
tionship with the users’ requirements and the high capacity of satisfaction of their
needs [36–38].

In general, many important factors should be considered when developing a
mHealth app [39, 40]. First, the main characteristics related to functionality and
adoption of mHealth app are: wearability, monitoring duration, connectivity config-
uration, and maintainability of the system developed [40–42]. Last but not least
the user’s willingness and motivation: in this aspect, clinicians have a crucial role
[42, 43].

Besides, there is the need to identify the key stakeholders. In evaluating amHealth
system, they are clinicians, developers, patients whosemanagement may be affected,
and people responsible for purchasing and maintaining the system [44]. Each may
have different needs and requests to be satisfied, Fig. 3.

For example, from the developer’s point of view, the algorithms used in the system
must be validated, robust and well-written. In general, nobody should use a system
or device that elaborated inaccurate measurements: the features implemented should
be validated and tested within the proposed usage context [42].

Moreover, as already mentioned, the usability and user-friendliness of the apps
are a fundamental determinant for technology adoption, in particular, among older
adults [36–38, 45, 46]. In particular, usability is defined in the official International
Organization for Standardization (ISO) guidelines as "the extent to which a system,
product or service can be used by specified users to achieve specified goalswith effec-
tiveness, efficiency and satisfaction in a specified context of use" [47]. In addition,
perceived usefulness and ease of use causes people to accept or reject information
technology [45]. The first is defined as the "degree to which a person believes that
using a particular system would enhance his or her functions". The latter, in contrast,
refers to "the degree to which a person believes that using a particular system would
be free of effort” [45].
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Fig. 3 Different stakeholders may have different needs and requests to be satisfied in the evaluation
of a mHealth system. Adapted from Friedman et al. [44]

Furthermore, when measuring aspects of one’s health, the accuracy of the results
relies on the correct administration of the test. Thus, any usability problem associated
with using amobile app should be identified and addressed before it is made available
to end-users. This is usually done through several iterations of testing with target user
groups, ideally until no major usability problems exist with regards to using the apps
and administering the test. Usability studies are most often carried out in a laboratory
setting, convenient, and offer a high degree of control instead of field-based usability
testing [44]. However, field-based testing, which, in this context, would be a home
setting, provides insight into how the system is used under more realistic situations
[44]. Depending on the system being tested and the development phase, usability
should ideally be tested in both laboratory and home settings [48].

The use of smartphone apps as stand-alone systems provides a feasible solution
in a fully wearable system. They have the significant advantages of pervasiveness,
ubiquity, and exploitation of common apps usage experience. Moreover, the choice
of off-the-shelf smartphones would also keep the mHealth system costs low, also
increasing its compatibility with external commercial devices. On the other hand,
there are several challenges associated with the development of mHealth apps:

• Design for all model and system available with the same performance (different
smartphones have different capabilities);

• Built-in sensors do not have priority in the mobile operating system, OS
(smartphones were born to handle calls and/or messages);

• Safety measures in order to ensure the patients’ safety and privacy, developing
strategies to ensure data are only accessible to those authorized to access [40].
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In particular, to date, there is a lack of standardized regulation methods to eval-
uate the content and quality of mHealth apps [49–51]. The quality assessment of
mHealth apps is challenging as it is difficult to identify the core components of
quality and appropriate measures to assess them [52]. Besides, the different smart-
phone models available in the market make this assessment more complicated. For
example, smartphone built-in inertial sensors do not have a fixed sample frequency:
frequency changes dynamically around a fixed value depending on the OS requests,
and it varies across the different smartphone models [53]. Moreover, some features
are only available in certain smartphones and not in others (or in other cases, the
feature could be limited): BLE connection could be absent in some smartphones or
limited to only few megabytes in others, not allowing data exchange with external
sensors [54].

On a more general ground and from a healthcare system perspective, introducing
guidelines for app development and use may be highly effective in improving the
quality standards. In the US, the FDA regulates mHealth within the existing frame-
work for medical devices [55]. Only a limited number of apps meet the definition of
medical device and are, as such, subject to the US FDA regulation [55]. In Europe,
the new regulations on medical devices (MDR [EU] 2017/745) describe whether
mHealth products must be medical devices [56]. As a result, apps that support a
medical diagnosis and have medical use must be CE marked as medical devices
[57]. While the implementation of the new, more stringent MDR might lead to the
development of more high-quality apps and improved patient safety, it might also
limit the development and release of new apps and software on the market. Classi-
fying a device as class IIa or higher requires evaluation by a notified body, which
can be very costly and, therefore, a barrier to entry for app developers [57].

4 mHealth Apps for Clinical Assessment

The health state’s measurement is essential in both clinical practice and research
to assess and monitoring the severity and progression of a patient’s health status,
the effect of treatment, and alterations in other relevant factors. The miniaturiza-
tion of sensing, feedback, and computational devices has opened a new frontier for
movement assessment and rehabilitation [58]. Wearable systems are portable and
can enable individuals with various movement disorders to benefit from analysis and
intervention techniques that have previously been confined to research laboratories
and medical clinics [58].

4.1 Older Adults

The clinical assessment of frail older adults (OA) is challenging, as they often
have multiple comorbidities and diminished functional and physiological reserves



mHealth Apps for Older Adults and Persons … 243

[59]. Besides, the physical illness or adverse effects of drugs are more pronounced
resulting in atypical presentation, cognitive decline, delirium or inability to manage
routine activities of daily living (ADLs) [60]. ADLs include the fundamental skills
typically needed to manage basic physical needs, comprised the following areas:
grooming/personal hygiene, dressing, toileting/continence, transferring/ambulating,
and eating [61]. Successful ADLs’ performance is a significant health indicator that
can predict mild cognitive impairments, dementia, and mortality in older adults [62,
63]. Hence, it is crucial to measure ADLs in older adults effectively. Several types of
approaches have been used to quantify the level of independence inADLs.ADLsmay
be measured by self-report, proxy/caregiver/informant report, and/or direct observa-
tion filling ad hoc scale/questionnaire [64–66]. These tools obtain a general sense
of the level of assistance needed and the most appropriate setting for the patient
[61]. Self-report measures are convenient to administer and are frequently used
when direct observation is not possible or when individuals are relatively cogni-
tively intact. However, they may be less valid when individuals have poor insight
into their functional impairments [67, 68]. Informant-based ratings are commonly
completed by caregivers who know the patient well, but how also may be biased
by their own burden in caring for the individual or by over or underestimating the
patient’s true functioning [61]. The use of performance-based measures can provide
objective data about ADL functioning and they may be able to detect change over
time [69], but generally require more training to administer as compared with self or
informant reports [61]. The need to improve these measurements and to objectively
quantify how subjects engaged in physical activity (PA) led to the recent spread
of wearable-accelerometer devices (or activity trackers) [70]. These devices allow
daily monitoring of the behavior of the OA, also enhancing their aptitude for PA
[71]. Historically, these accelerometry-based solutions employ summary threshold
metrics to assess PA. To date, novel measures, such as fragmentation, allow for a
deeper understanding of the quantities and patterns of daily PA, which are most
informative for health outcomes [72].

Besides, falls are a major threat to the health and independence of OA. Quanti-
tative methods for assessing fall risk factors are necessary to effectively implement
preventative measures and reduce falls’ incidence and severity [73]. In the last years,
research groups developed different mHealth apps to monitor fall risk factors [73].
In general, mHealth app systems, due to their ubiquitous nature, offer the potential to
provide fall risk screening in community settings [73] as an alternative to a qualitative
approach.

Moreover, to objectively evaluate specific items of ADLs related to fall risk, in
particular gait and balance [73], different instrumented tests can be performed, Table
2.

To date, thanks to the great advances in wearable technologies these instrumented
tests are feasible not only in clinical, but also continuously at home in a self-
administrable way [80]. This is crucial for the prevention of movement dysfunctions
in OA. For example, a solution that permits objective evaluation of body posture and
gait in OA is the mHealth systems proposed by Bergquist et al. [48]. They developed
three smartphone apps for self-administering an instrumented version of the “Timed
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Table 2 Gait and balance assessment tools. Adapted from Singh et al. [59]

Description

Turn 180° test [74] A measure of dynamic postural stability, asking a patient to
take few steps and then turn around by 180° to face the
opposite direction. Count the number of steps taken to
complete a 180° turn

Timed-Up-and-Go test (TUG) [75] A measurement of mobility. A person is asked to stand up
from a seated position, walk for 3 m, turn and walk back to
a chair and sit down. Measure the time taken in seconds

Tandem stand test [76] A measure of balance and ankle strength. A person is asked
to stand in a near tandem position with their bare feet
separated laterally by 2.5 cm with the heel of the front foot
2.5 cm anterior to the great toe of the back with their eyes
closed. A person can hold arms out or move the body to
help keep the balance but do not move the feet

Alternate Step test [77] A measure of strength, balance, coordination, and stair
climbing. It provides a measure of mediolateral stability. A
person should be asked to place alternate whole left and
right barefoot onto a 19 cm high stepper for a total of eight
times

10 m Walk test (10MWT) [78] A measure of walking speed over a short duration. It
requires a 20 m path that includes 5 m for acceleration and
deceleration. Practically, a full 20 m walkway is not always
available, thus there are several shorter distances
commonly used to assess walking speed including 3, 4, and
6 m assessments

Sit-to-Standtest (StS) [79] A measurement of functional mobility, balance, and lower
limb strength. A person should be able to stand up and sit
down five times with crossed arms from a 45 cm
straight-backed chair

Up and Go” test (Self-TUG, Fig. 4), the “Standing tandem” test (Self-Tandem), and
the “Five times sit-to-stand” test (Self-STS). The app uses the inertial sensors of
the smartphone and real-time verbal instructions to guide the user during the test
(Fig. 4c). The usability test of the apps was performed with target elderly groups
[48].

Thus, mHealth solutions also allow pervasive and self-administered systems,
feasible in daily life situations [48]. Nevertheless, the usability of the solutions
proposed might be critical: it is essential to follow a User-Centered-Design (UCD)
approach [37, 38], also considering that fine motor skills issues (such as tremor) in
older people may hinder their interaction with these wearable systems [81]. In this
perspective,Gabyzon et al. [82] developed and examined the feasibility of a tablet app
to assess touchscreen ability in OA. This aspect is crucial for the correct interaction
withmodern devices. In general, a combination of self-report and performance-based
measures of ADL performance may be the best way to fully capture the picture of
disability for a given OA [83].
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Fig. 4 The Self-TUG app. a Home screen. b Instructions tab to report how to correctly set-up and
perform the test. c The inertial sensors of the smartphone and real-time verbal instructions guide
the user during the test. d The total duration of the test automatically detect by the app. Adapted
from Bergquist et al. [48]

4.2 Persons with Parkinson’s Disease

Parkinson’s disease (PD) is a complex disorder expressed through many motor and
non-motor manifestations, which cause disabilities that can vary both gradually over
time or come on suddenly. In addition, there is a wide interpatient variability making
the appraisal of the many facets of this disease difficult [84]. Two kinds of measures
are used for the evaluation of PD. The first is subjective, inferential, based on rater-
based interview and examination or patient self-assessment, and consist of rating
scales and questionnaires. These evaluations provide estimations of conceptual,
nonobservable factors (e.g., symptoms), usually scored on an ordinal scale [84]. The
new second type of measure is objective, factual, based on technology-based devices
capturing physical characteristics of the pathological phenomena (e.g., sensors to
measure the frequency and amplitude of tremor) [84].

Recently, there has been a growing interest in developing an objective assessment
of the symptoms in PD, and its health-related outcomes, using new technology-based
tools, worn or operated by patients either in a healthcare or domestic environment
[84]. The most important new technologies to aid in the treatment monitoring of PD
patients are based on the use of inertial measurement units (IMU). Most commer-
cially available IMUs have a triaxial accelerometer and a triaxial gyroscope, although
a magnetometer is also commonly included. Over time, sensors have become more
sophisticated, and they can be worn unobtrusively and can be attached to almost any
body part to measure movement. These wearable devices can record not only the
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orientation, amplitude, and frequency of movements [85]. These data allow clini-
cians to assess, for example, the presence and severity of the cardinal features and
complications of PD (i.e., tremor, bradykinesia, and dyskinesias) [86]. Kinesia [87],
a wireless system for automated assessment of PD tremor, uses an IMU placed on
the patient’s index finger or the heel and can differentiate between a healthy subject
and a patient with bradykinesia. Kinesia system can also record tremor with high
reliability and agreement with MDS-UPDRS rest and postural tremor items (one of
the most common clinical scale used to provide an overall idea of the motor status of
persons with PD) [87, 88]. Objective gait and balance quantification are important for
the overall evaluation of the motor status of the PD patient [85]. However, as these
symptoms in PD can be both episodic (Freezing of Gait—FOG, hesitation, diffi-
cult turning) and continuous (slow gait) associated with variability in performance,
clinical examination at a point of time is often inadequate in elucidating the full
spectrum of problems [84]. Thanks to the great advances in wearable technologies,
various sensor-based and wearable technologies are now being used for the assess-
ment and monitoring of movement patterns during clinical visits and the daily lives
of PD patients [84, 85]. In addition, wearable sensors, frequently worn in the lower
body segment, have emerged as a novel tool to quantitatively assess FOG during
real life with more reliability than clinical measures alone [89, 90]. For example, a
solution that permits objective evaluation of body posture and gait in PD subjects
is the mTUG/mSWAY system [91, 92]. To date, numerous smartphone applications
have been designed specifically for patients with PD. Existing applications include
those devised for assessment of motor, cognitive, and psychological symptoms, as
well as those intended to adjust and control treatment [93]. For example, Lopane
et al. [94] implemented a system that allows optimizing the levodopa therapy in PD
subjects according to disease progression to establish the minimum dose required
over time, Fig. 5. Thanks to its integrated technology-based platform composed of a
tablet app, a smartphone app, and a digital blood pressure monitor, the protocol can
be performed under a physician’s supervision, but also self-administer at home [94].
This mHealth system includes the following assessment tests that can be tailored and
scheduled into a single assessment protocol:

• alternate finger tapping test (tablet app);
• reaction time test (tablet app);
• actual intake of the levodopa test dose (tablet app);
• measurement of the blood pressure (digital blood pressure monitor);
• measurement of the Timed Up and Go (TUG) test (smartphone app);
• identification of dyskinesia and themeasurement of the tremor at rest (smartphone

app).

Those two devices automatically connect to the tablet when the assessment
protocol starts [94].

Thus, mobile devices seem to be a useful tool for the detection, assessment, and
potential care of patients with PD [95–97]. However, high-quality studies are lacking,
although they are certainly feasible, due to smartphones’ accessibility and ease of
use [85]. In conclusion, clinical scales are the most widely employed standards for
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Fig. 5 Menu of the tablet app. a Settings. b Audio/video instructions. c Design the assessment
protocol. d Start an assessment protocol. e Demo of the alternate finger tapping test. f Demo of the
reaction time test. Adapted from Lopane et al. [94]

the evaluation of patients with PD [85]. Their limitations include subjectivity and the
inability to monitor the disease continuously [85]. New sensors and wearable devices
provide objective, accurate, and reproducible measurements that can overcome these
barriers and complement the use of traditional methods. However, the use of these
new technologies is still limited in practice because most of the studies performed
to date were heterogeneous and non-standardized [85].

5 mHealth Apps for Neuromotor Rehabilitation

Neurorehabilitation aims to cement patients’ existing skills, retrieve any lost skills,
and promote the learning of new abilities, allowing people to function at their highest
possible level despite their physical impairment. A variety of factors may have
a significant effect on neurorehabilitation and influence motor learning processes.
These factors include verbal instructions, characteristics, and variability of training
sessions, the individual’s active participation and motivation, positive and negative
learning transfer, posture control, memory, and feedback. All of these factors are
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clinically applicable, and they provide the basis for emerging or established lines of
research having to do with retraining sensorimotor function in neurological patients
[98]. Theminiaturizationof sensing, feedback, and computational devices has opened
anew frontier formovement assessment and rehabilitation [58, 99].Wearable systems
are portable and can enable individuals with a variety of movement disorders to
benefit from analysis and intervention techniques that have previously been confined
to research laboratories and medical clinics [58].

5.1 Older Adults

Rehabilitation can play an essential strategic role to counteract impairments and
disability which characterize the aging process. Correct rehabilitative programsmust
be approached on the functional limitation and residual abilities of OA. Leading a
more active lifestyle and regular physical activity including aerobic and resistance
exercises have been demonstrated to improve cardiovascular, respiratory, muscu-
loskeletal, and cognitive well-being in OA [100]. Physical activity interventions
for people with an intact cognition are well documented and shown to be effective
in improving balance and reducing falls [73]. A comprehensive physical activity
guideline for all adults, including OA, was published by the American College
of Sports Medicine (ACSM) [101]. People with dementia are two to three times
more likely to fall and multimodal interventions that combine cognitive, as well as
motor therapy, should be performed [102]. Physical activity is beneficial for reducing
overall morbidity and mortality in OA [103]. The physical activity recommendations
intended for all older adults may need to be modified for particular health conditions
and disorders, using specific types of exercise to correct or ameliorate identified
impairments and functional limitations [103]. Physical therapists, exercise physiol-
ogists, and physicians specializing in rehabilitation can help to tailor the exercise
prescription to meet patient needs. In addition, healthcare providers are perceived as
respected sources of health information and should take an active role in promoting
physical activity. Primary care clinicians should emphasize the importance of phys-
ical activity for health maintenance, ask patients if they are physically active, and
advise them to become physically active [103]. Innovatively, a recent European
project (www.preventit.eu) developed and tested a personalized mHealth solution
aimed at behavioral change in OA, to decrease the risk for age-related functional
decline.

The project consists of a smartphone and smartwatch app tomotivate older persons
to exercise, and that shows how to integrate mobility exercises in daily living activi-
ties, Fig. 6. This app, created by a multidisciplinary team, was already developed in
its final version [104] and a feasibility study was performed [105]. Results indi-
cated that the developed interventions were feasible and safe. Participants liked
the concept of lifestyle-integrated activities, managed to change their daily routines
toward increased activity, and were positive about the app [105].

http://www.preventit.eu
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Fig. 6 A beta version of the PreventIT app

5.2 Persons with Parkinson’s Disease

Despite optimal medical management, most patients with Parkinson’s disease (PD)
continue to experience a wide range of motor and non-motor symptoms [106, 107].
All of these influence activities of daily living and affect the patient’s quality of life
[108, 109]. Examples of motor symptoms that respond insufficiently to medication
or surgery include impairments in speech, postural stability, and freezing of gait.
Additional disability arises from the presence of non-motor symptoms (e.g., cognitive
impairment, depression, or psychosis), that are sub-optimally controlled with current
medicalmanagement [106, 110]. This situation creates treatment challenges, not only
in advanced disease stages, but even early on in the course of PD [111]. Moreover,
although it is recommended to early start rehabilitation, it should be considered that
PD is a chronic progressive disorder and the interventionmust be adjusted to changing
clinical conditions and tailored to the individual patients’ needs [112, 113]. A widely
held belief holds that nonpharmacological management might offer symptomatic
relief of motor or non-motor symptoms that are otherwise difficult to treat. Hence,
a multidisciplinary approach involving non-pharmacological and pharmacological
treatment is the standard nowadays [114].

The use of external sensory cues (e.g., auditory, visual) to reinforce attention
toward the task [115] is an effective gait rehabilitation strategy for persons with
PD; the cues stimulate the executive voluntary component of action [116–118] by
activating the attentional-executive motor control system and bypassing the dysfunc-
tional, habitual, sensorimotor BG network [116, 117, 119–122]. This strategy helps
people with PD improve gait consistency and rhythmicity.

One of the most innovative developments in the quantitative assessment and
management of PD symptoms is the use of wearable technologies during gait [123],
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which are able to overcome traditional open-loop cue, providing customized cueing:
stimuli are triggered when gait deviates from normal, thus providing patients with
immediate feedback on their performance. These closed-loop stimuli (audio [124–
126], visual [127, 128], audio-visual [129] or proprioceptive [130]) are known as
intelligent inputs [124]. Closed-loop systems are based on the Knowledge of Perfor-
mance [29], which is indicated as one of the optimal techniques for motor rehabilita-
tion in PD subjects [131]. In contrast to open-loop systems, in closed-loop systems the
external information does not necessarily become part of the participants’ movement
representation (as explained by the “guidance hypothesis”), thus possibly decreasing
the development of cue-dependency [132]. The possibility of real-time biofeedback
represents an important step toward the maximum benefit and clinical impact of
wearable sensors. Wearable systems also permit data collection in a more natural-
istic environment [124, 129]. Casamassima et al. [133] developed a unique mHealth
system (CuPiD-system) made of wearable sensors and a smartphone that provides
real-time verbal feedback to improve the dynamic balance and gait performance of
people with PD [124, 134].

Thanks to advances in technologies, visual feedback is possible through Smart
Glasses (SG) [135]. SG represents an idealmodality to provide personalized feedback
and assistance to people with PD in daily living situations. Indeed, McNaney et al.
[136] reported that participants with PD were generally positive about SG as an
everyday assistive device; however, usability issues and social stigma still hinder its
general acceptance.

Innovatively, Imbesi et al. [137] proposed a wearable gait rehabilitation solution
by integrating the Vuzix Blade SG [138] into the smartphone-based CuPiD-system
[133], Fig. 7.

Although, the potential of real-time biofeedback in gait rehabilitation through
wearable devices is underexploited [85], these new real-time systems seem to increase

Fig. 7 Schematic representation of the mHealth system. Adapted from Casamassima et al. [133]
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adherence to treatment, self-management, and quality of life [139], allowing also
personalized and tailored rehabilitation on the individual patients’ need [124].

6 Discussion and Future Scenario

Considering the pandemic emergency, never as of today, we can say that the inte-
gration of mHealth apps in our society may contribute to a new era of clinical
practice. After reporting a brief description of mHealth system architecture, this
chapter explored several different opportunities where innovative mHealth solutions
could improve assessment and rehabilitation strategies for aging people and persons
with Parkinson’s disease. This chapter reported solutions that need medical support
in a clinical context and others that can be self-administered and require only a
smartphone as a stand-alone system.

However, the primary aim of a mHealth system is to improve the person’s quality
of life and increase his autonomy and independence. The huge development of tech-
nology in recent years leads to the manufacturing and use of miniature, low-cost
sensors and powerful devices that open the way to non-invasive, non-intrusive, and
continuous monitoring of an individual’s health condition.

There are many challenges for future research and development to improve the
performance and acceptance of the mHealth system.

First, to achieve widespread acceptance among the people, the systems need to be
affordable, easy-to-use, unobtrusive. Nevertheless, many patients continue to depend
on the clinician’s support. They would request direct contact with them, and they
would reject solutions thatmight create anydistance between themand their clinician.
Inclusive design principles might be helpful for designers to collect and elaborate
on patients’ requirements, next to the technical and technological ones, to improve
these aspects.

Second, the new regulations on medical devices in Europe (MDR [EU] 2017/745)
might lead to more high-quality mHealth systems, improving patient safety. On the
other hand, it might limit the development and release of new solutions and software
on the market [49].

Besides, the privacy and security of the sensitive medical information of the user
must be guaranteed. More efforts are needed to develop algorithms to ensure highly
secured communication.

Third, as we witness a digital transformation of the healthcare system, mHealth
technologies are expected to become better integrated into the clinical workflow,
especially to provide telemedicine. Thus, thanks to the Internet connection, mHealth
systems can increase healthcare access and improve cost-effectiveness. During the
COVID-19 pandemic, this transformation of the healthcare system has been dramat-
ically accelerated by new clinical demands, including the need to assure conti-
nuity of clinical care services. For example, healthcare professionals could use
mHealth systems to monitor patients’ conditions remotely and continuously mitigate
or prevent hospital surges.
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In man’s continuous aspiration to improve his well-being, we have to face the
exponential growth of technology. Thus, we must deal with unknown challenges,
unexpected situations and generate new uncertain solutions. In general, we are used
to taking a predictable path, the so-called comfort zone. That is why we are used to
choosing the optionswe already know.The challenge of future research, including the
development of mHealth systems, requires a mental shift from linear and predictable
to bold and spontaneous, handling the incoming technologies to the best of our
abilities.
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An Experience of Co-Design with Elderly
People in the HABITAT Project:
Improving Older Users’ Lifestyle
with Assistive Home Systems

Giuseppe Mincolelli, Gian Andrea Giacobone, Michele Marchi,
Filippo Petrocchi, and Silvia Imbesi

Abstract The ageing trend involving populations all over the world is focusing
Design Research’s attention on smart devices addressed to older people with specific
needs. The project HABITAT, carried out by a multidisciplinary research team with
the participation of several companies, aimed to develop and test a smart platform
composed of smart interoperable objects able to adapt themselves to satisfy the user’s
necessities. The final objective of the project was the realization of an assistive, safe
and reconfigurable environment, able to enhance the person’s autonomy in daily
activities, postponing the personal necessity of assistance or hospitalization. The
project was designed following a User Centered approach involving older users,
their relatives and care-givers, and some stakeholders, in the different stages of the
design process. Co-Designworkshopswere practiced to improve the project usability
by designing with users’ solutions able to satisfy their needs and requirements.
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1 Introduction

Today’s world is getting older and older. The aging of the baby boomer generation
(Those born between 1946 and 1964) combined with the increased longevity and the
decrease of birth rate has created a world more and more populated by a new aged
population [1].

In Europe, according to WHO the number of people aged 65 and older is forecast
to almost double between 2010 and 2050 and the number of people aged 85 years
and older is projected to rise from 14 to 19 million by 2020 and to 40 million by
2050 [2].

This is not just a European but a worldwide problem. In the USA the ageing
society comes with several issues that need to be solved by the local authorities. This
is the reason why the federal government will spend over two third of its budget
on citizens over 65 years old over the next decade [3]. A similar situation is also
present in China where the number of older seniors is increasing. According to the
United Nations Population Division, in 2000 the people over 65 years old were the
7.0% share of total population with 88 million while in the future there will be an
increase of the older people of 10% reaching the amount of 247 million by 2030 [4].
In Australia also, it is expected a rise of older seniors from a current scenario of 13%
of the population to a projected 25% in 2051 [1].

This rise of the ageing society involves several problems: According to Jaul
and Barron [5] an 85 and older population comes with several problems that
can be divided into these categories: normal aging, common diseases, func-
tional, cognitive/psychiatric and social changes. Normal Aging impairments involve
Sensory changes (Hearing loss, visual acuity, vestibular function), Muscle Strength
and Fat changes (such as: sarcopenia and strength decline), immunosenescence
(weaker capacity of the body to fight infection) and urologic changes (Not sterile
bladder).Concerning the common and somatic disease, Cardiovascular disease is the
most common cause of death among seniors followed by Hypertension, Cancer,
Osteoarthritis, Diabetes mellitus, Osteoporosis and multiple chronic conditions.
Regarding the physical impairments, elderly mostly suffer of: reduction in the
walking speed, often even more reduced by another disease; Mobility disability
which often is associated with social isolation, falls and depression; Disabilities in
activities in daily living (such as Bathing, use of the toilet); Falls as major morbidity
and disability among older adults; Frailty as a special vulnerability to stressors;
Incontinence; on the psychological and cognitive side, elderly people suffer from:
Cognitive aging (such as Mid-short-term memory loss, word finding difficulty and
slower processing speed), Dementia and Depression. Finally, it is important to add
the social and environmental impairments withMarriage as important factor to avoid
social isolation and a consequent mortality increase.

Considering the progressive increase of elderly people all over the world, the
entire landscape of strategies, systems, services and products needs to be redesigned
in order to maintain and enhance an inclusive society. This is the reason why several
actions are taken into account by different organizations all over the world.



An Experience of Co-Design with Elderly People … 265

The World Health Organization has elaborated the “Healthy ageing” guideline in
order to improve the self-sufficiency of older people to improve their quality of life,
making them feel useful in the society and postponing the necessity of hospitalization
[6].

Within the frame of Horizon 2020, the European Union has actually invested a
great deal of resources in R&D projects regarding ICT for active aging and healthy
ageing. The AAL Programme (Advancing Inclusive Health & care solutions for
ageing in the new decade) is an example of a co-financed project by the European
Commission (through Horizon 2020) and 17 countries until 2020 for an approximate
budget of e700 million. Such a program aims to create a better quality of life for
older people in the field of Healthy ageing technology and innovation [7].

In a scenario characterized by a progressive increase of elderly people and a
consequent demand of innovation to solve the related problems, the Internet of Things
technology (IoT) and Artificial Intelligence (AI) seem to be two possible drivers to
boost the current shift from a more senior friendly society [8].

Formulated for the first time in 1999 by the English Kevin Ashton, co-founder of
the Auto-ID Center in Massachusetts, the Internet of Things (IoT) refers to a process
where potentially every object of everyday experience acquires its own identity in
the digital world. The idea of IoT is based on “smart objects” interconnected by the
internet that are able to exchange, own, collect and process information [9].

A peculiarity of these smart objects lies in their ability to autonomously operate
in order to extend their performance by means of used and transmitted data. Further-
more, thanks to Artificial Intelligence, smart objects are also able to process data and
implement them in the system to tailor the service to the needs of the user.

Concerning the elderly people, these smart objects can be very significant because
they are designed not only for internet experts but also for people, like elderly, that
usually are not so keen to use this technology.

This technology can be really significant for them to enhance their daily life from
house management to their health monitoring and their social relation in the smart
city.

2 The HABITAT Project

Previously described themes, as the ageing populations trend and technological inno-
vations like the IoT, are the starting considerations of the HABITAT project (Home
Assistance Basata su IoT per l’Autonomia di Tutti) [10]. HABITAT is a research
project funded within the POR FESR 2014–2020 program of the Emilia Romagna
Region [11], Italy, which started in April 2016 and was completed in 2019. Authors
were part of the multidisciplinary team that faced this project aimed at designing and
testing a system of smart objects for the realization of reconfigurable life spaces, for
care and monitoring of the elderly in an independent living perspective.
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Fig. 1 Representation of HABITAT smart platform

HABITAT integrated innovative technologies as Radio Frequency Identification
(RF-ID), wearable electronics, wireless sensor networks (WSN), artificial intelli-
gence (AI). These were used in order to empower some traditional objects or furni-
ture with smartness elements, turning them into smart objects able to interoperate
for the realization of assistive environments addressed to older users [12].

Designed smart objects had the purpose to compose an IoT platform able to
modify itself in order to adapt progressively to the users’ needs, by monitoring usual
behaviors and collecting data on the specific person.

Technological solutions adopted in this project aim to give a safe and assistive
life space in a short- and long-term perspective to people with specific needs. This in
order to allow the ageing person to continue carrying out autonomously his daily life
activities, postponing the necessity of full time care-giving or hospitalization [13]
(Fig. 1).

2.1 Partners and Purposes

TheHABITAT research projectwas conducted by amultidisciplinary teamcomposed
by several institutions.
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CIRI ICT (Interdepartmental Center for Industrial Research on Information and
Communication Technologies) was the leading partner and had the role of project
coordination and management. The participant provided realization criteria of the
project scenarios, to realize the ICT infrastructure for the selected use case, and to
develop the middleware platform for the management of services.

CIRI SDV (Interdepartmental Center for Industrial Research on Life’s Sciences
and Health Technologies) was responsible for the selection and the engineering of
sensors and actuators. This partner was responsible for specification related to smart
objects, for their prototypes and for the realization of algorithms based on data fusion
techniques.

TekneHub is a laboratory of Ferrara’s Technological Pole in Italy, with a back-
ground in product design, interaction design and design-driven innovation, with
particular reference to accessibility and social inclusion. TekneHub had the role
of designing and realizing working and interoperable devices’ prototypes, of veri-
fying the matching between users’ requirements and design solutions adopted by the
system. This partner had also the responsibility for the verification of the Technology
Readiness Level (TRL) of 5 [14].

ASC InSieme is a public authority working for social services for the Union Valli
Reno, Lavino and Samoggia, Bologna, Italy. ASC InSieme is involved in activities
for social, welfare, health and education for four intervention areas: Children and
Families, Adults, Elderly, Disability. In the HABITAT project they had to contribute
to the collection of requirements and specifications for application in chosen project
scenarios.

Romagna Tech is a member of the High Technology Network of Emilia Romagna
Region working in the communication field in relation with industrial research, inno-
vation, technology transfer and dissemination. In the HABITAT project they had the
task of spreading and diffusion of the project’s results.

Together with the described project partners, several companies of the Emilia
Romagna Region were involved, due to their experience and knowledge in the
realization of devices. Specifically, companies participating were Cte International
(telecommunication), Ergotek (furniture industry), Uniset (telecommunication and
electronic), Wiman (information technology), U-Watch (electronic) and mHealth
Technologies (mobile health).

Within the HABITAT project, several devices were re-designed in order to inter-
operate in a smart platform, enriching them with sensors able to collect data on the
user and giving them a natural interface for an effective communication with the
older person [12].

The developed smart objects were:

• A wall light for indoor localization: A RFID system composed by a reader and
multiple active tags to provide indoor localization facilities.

• An armchair to assess sitting posture in real-time, and detect parameters and
movements of the users.

• A sort of belt for the collection of information on movements and postures.



268 G. Mincolelli et al.

Fig. 2 Schematization of the HABITAT project’s smart objects and system

• A wall panel and mobile devices as an interface between the smart system and
the final user (Fig. 2).

3 Methodologies

For the purpose of being able tomeet the objectives of the project HABITAT, a highly
specialized and expert academic and industrial partnership had to be planned.

Specifically, the authors are part of TekneHub—the laboratory of Ferrara
Technopole—and have dealt with the part regarding the product and interface design,
the platform trial designed in assistive environments, and the definition of the final
Technology Readiness Level of the demonstrator.

The first obstacle to tackle was represented by planning a common methodology
among several partners.Aworkingmethodology thatwas not only shared by partners,
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but also able to smooth out and solve any disagreement typical of each sector of
specialization, such as language and communication.

On the basis of the range and complexity of the involved users, in terms of needs,
necessities and context, the shared methodology defined as User Centered Design
was chosen to be applied [15].

Such methodology allows users to be placed at the center of the planning and
strategic process; during each phase, the focus is on the user who is involved from
the first moments of the project [16].

In the first phase of the research, the Teknehub laboratory was in charge of the
analysis of users and needs.

The main users of the HABITAT project were self-sufficient and non-self-
sufficient elderly people who live in their own homes and need to safeguard
their autonomy, trying to avoid the hospitalization and assistance period. The
secondary users and stakeholders taken into account in the project were profes-
sional and non-professional caregivers, familymembers of the elderly, healthworkers
(social workers in public health services, nurses, physiotherapists, etc.), doctors,
decision-makers in the social-health sector, etc.

The goal of this phase was to obtain a series of brief statements that best specified
and contextualized the real needs of all the involved users [13].

Such activity was carried out thanks to participatory activities between academic
partners and users: organization of focus groups, interviews, questionnaires, direct
observations. The work led to the filing of about five hundred needs from all the
users interviewed. After having listed hierarchically and by importance all these
needs, we defined the needs analysis—containing about one hundred needs—which
represented a fundamental element for developing the first project briefs.

At this moment, a further planning tool belonging to the design researchwas used:
the Quality Function Deployment (QFD) [17]; a tool born in Japan that allows—by
means of a calculation matrix—to relate qualitative data (expressed by needs) with
quantitative data (expressed by the tangible characteristics of the smart objects to be
created). This part of the work led to the creation of six QFD matrices, one for each
smart object (Fig. 3).

The aim of this research phase was to be able to understand which measurable
elements and characteristics were most important and influential for satisfying users’
needs.

At the same time of this research phase, the first project concepts were developed,
thanks to the support of partner companies, as well. The prototypes were then tested
by the people who initially participated in the observation and analysis phase. This
design tool, called Co-Design, has the merit of being able to tangibly improve the
products and the perception of technology in the home environment for elderly
people [18]. Therefore, the objective of this participatory methodology is not only
a tangible result, but also to develop—specifically concerning elderly users—both
empathy and recognition between smart objects and users; as well as to make people
feel themselves less lonely, involving them in the creative process with the aim of
triggering virtuous and resilient dynamics.
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Fig. 3 Structure of the QFD matrices used in the HABITAT project

4 Co-Design Activities

Considering the importance of developing an inclusive and accessible assistive home
system for improving lifestyles of older people in their domestic environments,
the Habitat project adopted the participatory Co-Design approach for performing
two cooperative workshops in collaboration with the main end-users. This allowed
the project to involve many older people, as main users, throughout the concept
development process.

The scope of the two workshops was to contribute to generation of the final
prototypes of the smart objects from the perspective of elderly people, which was
significant in defining the morphological and technological aspect of every smart
object of the entire home system. In that human-centered approach, the users played
the role of experts [19] the idea generation while the design team acted as facilitators
by supporting older people in giving shape to their feeling and their ideas, providing
prototyping tools for ideation and expression [20].

BothCo-Designworkshopswere organizedwith the contribution ofASC Insieme,
one of the partners of the Habitat project, which represents a public elderly day-care
organization. In fact, all the participatory activities were held at the ASC Insieme’s
headquarter in Casalecchio di Reno, Bologna, Italy. In order to differentiate the
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audience and gather numerous insights from a wider perspective of the elderly’s
demands, the twoworkshops involved 12 elderly families over 65 years old, including
self-sufficient and non-self-sufficient seniors. The families with non-self-sufficient
seniors included either an informal caregiver, such as a relative, or a professional
health operator. The active participation of older people was fundamental to define
proper solutions that would solve the main problems and needs to be encountered at
old age [21].

In the first workshop, the activities developed the early concepts of the Habitat
home system, in particular defining their functionality and appearance. The idea-
generation process was structured around three collaborative round tables, which
were constituted of both elderly people and facilitators, each associatedwith a specific
smart object resulting from the research.

By using a brainstorming section and by elaborating many user-journey maps
with the participants, the Co-Design activities focused on investigating the elderly’s
primary needs and frustrations encountered during their everyday living experiences.
Furthermore, the use of an empathy map collected the emotional aspects of all
the participants, which, in turn, produced useful insights to improve the qualitative
characteristics of the overall home system.

The collected data coming from those activities were translated in the form of
low-fidelity prototypes (Fig. 1), which were subsequently used to assess the level
of acceptance of every smart object. In particular, the new collaborative activities
focused on evaluating the wearability of both the inertial and the tracking sensors,
the comfort and functions of the smart chair, and the visual aspect of the Habitat’s
interface (Fig. 4).

At the end of the first workshop, the outcomes were utilized to improve and refine
the early concepts. In fact, new updated mid-fidelity prototypes were developed

Fig. 4 Two low-fidelity prototypes developed with the older people during the participative proto-
typing session, in the first Co-Design workshop, at the ASC Insieme’s day center, Casalecchio di
Reno Bologna, Italy
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Fig. 5 Participants of the second co-design workshop while configuring, with the support of a
moderator, the graphical elements of the Habitat’s interface according to their necessities. ASC
Insieme’s day center, Casalecchio di Reno Bologna, Italy

according to the most important considerations drawn from older people’s expec-
tations. After this, those prototypes were analyzed—with the same elderly families
of the first participatory activities—in the second Co-Design workshop, in order
to evaluate correspondence of the new smart objects’ improvements with the real
expectations of the elderly.

The main activities involved observing older people while interacting with the
prototypes to improve the functional and morphological properties of every expected
smart object. This practice allowed the research team to discover some users’ latent
needs that could be elicited from their behavior [22] (Fig. 5).

A specific participatory activity evaluated also the usability and accessibility of
the Habitat’s interface. In fact, the design team proposed to the elderly different
possible configurations of the interface and they asked them to identify those graph-
ical elements (for example colors, icons and labels) that, for them, would make the
contents or the visual notifications clearly readable and understandable for all (Fig. 2).
The feedback was used to refine the graphical aspect and the main functions of the
interface. Moreover, at the end of the second Co-Design workshop, any criticality
indicated by the older people that, for them, was presented on each smart object, was
examined and utilized to review the prototypes.

In order to estimate the technological maturity of the entire project, the teamwork
developed aworking version ofHabitat system—based on all the users’ consideration
gathered in both Co-Design workshops—which was tested in a conclusive usability
test [23] conducted by an external expert in a simulated environment and, again, with
real older end-users to formally validate the TRL—technology readiness level [24]
of the entire research project.
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The final activities were held at one of theASC Insieme’s day-care centers in order
to test the smart objects in a real space environment and they involved 19 people who
had already been involved in the previous Co-Design phase. The heuristic evaluation
analysis [25] anddirect interviewswere the twomainmethods adopted by the external
expert to assess the Habitat system. In particular, the interviews were divided in two
categories of users, self-sufficient and non-self-sufficient seniors, in order to acquire
several opinions about the use and the experience of Habitat from two different user’s
perspectives. In fact, the direct interviews were structured by following this order:
7 self-sufficient seniors; 4 couples composed of caregivers and non-self-sufficient
seniors; 2 caregivers; 2 non-self-sufficient seniors.

At the end of the entire testing session, all users were able to experience the
Habitat system and report their considerations to the external expert who processed
and collected every data into a final report, which, in turn, would be used as guidelines
to make conclusive refinements to the final high-fidelity prototypes. The report also
provided positive feedback for every smart object, which was significant—from the
users’ perspective—to confirm the high level of acceptance of the Habitat system.

Indeed, the testers considered both the inertial and the tracking sensors pleasant
to wear and not invasive, the smart chair relaxing and comfortable, the indoor local-
ization system well designed and suitable with the home furniture, and the interface
easy-to-use, pleasant and not intrusive in the domestic environment.

Moreover, all smart objectswere very appreciated for their high level of customiza-
tion, in terms of colors, fabrics (in the case of the wearable sensors) and message
dialog and notifications setting (regarding the digital interface).

5 Conclusions

The project was concluded in 2019 with the exposition of developed smart solutions
in the fair Exposanità in Bologna, Italy. The research results have been disseminated
through the publication of several scientific papers in specialized scientific journals
and through participation in various conferences and their proceedings.

Feedbacks from users, stakeholders and the scientific community were encour-
aging, proving how the applied User Centered methodology is effective and flexible.
This is mainly due to the possibility of using it in different contexts and with different
kinds of users characterized by peculiar necessities not common to the majority of
the population.

In conclusion, regarding the older people’s involvement in the design process,
the Co-Design activities permitted the conception and development of smart objects
with themain end-users throughout the entire design development process. The active
participation of the older people was fundamental to receive the right feedback to
iteratively refine and improve the expected smart objects, based on the real end-users
exigencies.

The chance of designing, testing and evaluating in collaboration with the end-
users the various prototypes made the design team more aware of older users’ ways
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of approaching and perceiving smart devices. This permitted the functionality and
the appearance of every smart object to be more effective, suitable and close to the
different needs—for instance habits, limitations or capabilities—expressed by the
older people. The final considerations gathered from the usability test confirmed the
objectives set at the beginning of the research project.
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From Driver to Passenger: Exploring
New Driving Experiences for Older
Drivers in Highly Automated Vehicles

Gian Andrea Giacobone

Abstract The progressive advancement of highly automated vehicles is expected
to make self-mobility more accessible and comfortable for the elderly population,
because the potentialities of this technology allows older drivers to drive longer
and safer. In that case, since autonomous driving is able to disengage drivers from
the driving task, it opens a unique opportunity to develop new interactions that
could completely change the use and the experience of traveling. Considering this
scenario, the contribution explores the design space related to autonomous driving,
specifically investigating new driving experiences that can be aligned with the older
drivers’ necessities, in order to support them in maintaining their self-independence
and autonomy as long as possible. Therefore, the paper analyzes some case studies
that focus on novel forms of in-car activities and transportation-related services,
which, in turn, are trying to offer a new perspective on the use of highly automated
technology. In particular, the first two examples focus on changing the perceived cost
of traveling by exploring unedited and playful non-driving-related activities. Instead,
the other cases focus on redefining the relationship with the space of traveling, by
proposing new services that provide to older drivers new exploratory and shareable
commuting experiences.

Keywords Autonomous driving · Vehicle automation · Smart mobility ·
Human–machine interaction · Human–machine interface · Older drivers

1 Introduction

In the last few years, rapid advances in technology have been causing radical changes
in the automotive industry. This expects to envision new driving scenarios totally
different from the current state-of-the-art, aiming at developing a safer,more comfort-
able and efficient urban transportation system for our society [1]. In fact, if, until the
last two decades, drivers were fully responsible for driving and controlling all vehicle
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parameters—so as every behavior conditioned by poor control often led the outcomes
to a road accident—nowadays, the human driving control is progressively assisted
with sophisticated assistive driving technologies, namedAdvancedDriverAssistance
Systems (ADAS), which help the driver to recover from their driving errors, namely
the first causes that provoke road accidents [2, 3].

ADAS are interfaces that support users in the primary task of driving [4]. The
Adaptive Cruise Control (ACC) [5], the Lane Keeping Assist System (LKAS) [6]
and the collision avoidance assistance [7] are some of the main assistive driving
technologies that are already available among various automakers. They are able
to intervene directly on the driver’s driving operations, to control the vehicle (for
example steering, accelerating and breaking) and to prevent the human error during
dangerous situations [8].

The main interest in adopting ADAS technology is due to the limited capacity of
humans to maintain attention for long periods [9]. In fact, the attentional limitations
could have adverse consequences for the drivers’ driving performance, because most
of the time they can lead to driver inattention. This is because the act of driving is
inherently a highly complex skill [10] requiring the sustainedmonitoringof integrated
perceptual and cognitive inputs for monitoring the surrounding environment [11] and
for efficiently processing the different perception, decision and reaction operations
necessary while driving [12].

Therefore, while ADAS are becoming an indispensable technology for increasing
road safety, on the other hand, they are transforming the relationship between the
human and the vehicle, resulting in changes regarding the responsibility of the driver
[13]. In fact, the automation skill-based control of the vehicle is capable of making
urban traveling safer and more efficient than human through its high level of driving
precision [14], and this leads consequently to the situation where most parts of the
driving tasks can be easily performed by the ADAS, addressing the driver’s tasks
only to the supervision of the vehicle system [15].

In this case, since the driver can be easily replaced by assistive driving tech-
nologies, the upcoming scenario opens new opportunities and benefits for new
research studies in thefield of human–machine interaction to rethink the entire driving
experience.

2 The New Paradigm of Autonomous Driving

On the basis of the above considerations, ADAS technologies, concerning the safety
and safeguarding of drivers’ lives, have urged the Society of Automotive Engineering
(SAE), an international standard developing organization, to define a consistent
taxonomy of ADAS by categorizing the level of driving automation through a classi-
fication system based on the amount of driver intervention and attentiveness required
[16]. Compressively, there are six levels of vehicle automation system, ranging from
basic level 0, which refers to the manual driving where a conventional vehicle is
driven by a driver without any artificial aid, through to the ultimate level 5, which
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refers to the full-automated driving where a driver-less car can monitor driving and
performing all safety–critical driving controls, under all conditions andwith no direct
human input.

Autonomous vehicles, also called automated or self-driving vehicles [17], are the
final vision of that classification system, inwhich the high level of automation intends
to move the drivers completely out of the loop, progressively changing themselves
from error-prone operators into normal passengers, in vehicles controlled by an
infallible technology [18, 19]. In this upcoming scenario, the drivers have only the
duty to enter the destination and, at most, select the target cruise speed and enjoy
their journeys [13], inevitably revealing a new perspective for reconsidering the use
and the experience of the automotive vehicles in the future.

Even though this new paradigm is currently a significant research topic that has
opened, in the past years, a long debate about new opportunities, it also presents
new challenges and questions that self-driving technology will introduce in the field
of mobility and urban transportation [20, 21]. Specially, one of the main topics of
autonomous driving is focused on the analysis and investigation of new types of
interactions between humans and vehicles that will reconsider many aspects related
to the role of the autonomous vehicle in the urban context. Some of those aspects
refer to the characteristics of the vehicle itself, which will re-evaluate the value of
both the time spent in the vehicle and the context in which the travel experience
occurs, since the task of driving can be easily replaced with other activities [22].

Hence, autonomous driving is a significant opportunity to foster inclusion since
the highly automated systems allow the vehicle to bemore accessible to awider group
of people through the conceptual reshaping of the traditional driving experience. This
ismainly related to the opportunity to transformdriving as an individual, stressful and
complex activity into amore relaxing and accessible travel experience. In conclusion,
this transformation can provide passengers more comfort, well-being and even more
socialization by developing new models of public transportation services that can
increase people’s autonomy and mobility [23].

3 Older Drivers and the Benefit of Autonomous Driving

One of the most important benefits associated with the adoption of autonomous
vehicle is inclusion. In fact, the highly automated systems can offer great opportu-
nities to all people who struggle with mobility, because they provide the ability to
travel easily and independently without being able to drive. The most beneficiaries of
these technologies are mostly people who cannot drive conventional cars for loss in
confidence, for financial reason (for instance people who cannot afford the costs of
car ownership), or for problems related to age or health, such as underage travelers,
people with permanent or temporary disabilities and the elderly [24].

In the recent years, the last category has aroused great interest among the scien-
tific community, because, due to the increased longevity of worldwide population
combined with the decrease of birth rate—the number of people aged 60 years and
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older is expected to outnumber children younger than 5 years by 2050 [25]—nowa-
days, the world is increasingly populated by a new aged population [26]. In fact, as
reported by United Nations [27], by 2050, the world’s population aged 60 years and
older is expected to total 2 billion, up from 900 million in 2015. Again, today, people
who are aged 80 years or older are 125 million but by 2050, the number will increase
to 434 million. For these reasons, the global aging is raising many fundamental ques-
tions for policy-makers, which in turn, is leading most of the country to change their
sociological, political and economic systems to foster a more age-friendly global
environment [25].

Considering aging from the mobility perspective, it is possible to note that the
older is the worldwide population, the greater is the number of older drivers on the
road. Therefore, investigating this phenomenon is critical to enhance elderly driving
activities and to maintain their mobility, which it also impacts to their health and
well-being [28]. ln fact, the ability of driving allows older people to maintain their
independence to move freely within their community environments [29] or to stay
engaged in society by accessing social and leisure activities, and important facilities,
such as public health and medical services [30]. While, on the contrary, continuing
to drive in advanced age—even if some studies suggest that older drivers are not
necessarily more dangerous than others [31]—can negatively affect road safety to
everyone [32]. Some authors [33, 34] highlight that aging can cause an age-related
sensory, cognitive and psychomotor decline, which is themain responsible for having
a negative influence on the elderly’s safe driving abilities, because itmakes themmore
vulnerable to traffic crashes and collisions. Moreover, a recent study [35] has found
that the number of older drivers on the road has increased in the last few years so
does the accident rates compared to those provoked by younger drivers.

For this reason, it is important to guarantee a safe urban environment to older
people to ensure healthy aging. In fact, driving safely produces many benefits both
to mobility and self-independence, which consequently have a great impact even on
their physical and psychological well-being [30].

Nevertheless, nowadays, there is not enough awareness on those themes, because
many older people, instead of driving independently, prefer to reduce use of the
car and the risk of creating accidents by adopting self-regulation strategies that limit
themselves to being exposed to particular driving situation that are difficult, for them,
to handle [36]. Indeed, the implication of adopting self-regulations in driving may
cause drastic losses in personal mobility, which consequently may have negative
impacts on the elderly’s quality of life, because they lead to phenomena of isolation
and, in turn, to many impairments of cognitive status and mental health [34] such as
depressiveness [37] and reduced self-esteem [38].



From Driver to Passenger: Exploring New Driving Experiences … 281

3.1 Healthy and Active Aging for Enhancing Autonomy
in Mobility

In order to tackle aging issues, it is important to ensure—even in the field of
mobility—an environmental system that is able to foster new innovative solutions
for healthy and active aging, aiming at extending life expectancy for all the elderly.

From this point of view, as reported by the WHO—World Health Organization’s
frameworks [39], producing a supportive environment is one of the potential solu-
tions that enables older people to do what is important to them, despite losses in
capacity. Rethinking a more efficient and accessible environment will benefit the
independent living of older people, which would consequently improve their quality
of life and would implement their physical and mental well-being [40], making them
feel contributive and participative in society and postponing the necessity of hospi-
talization [41]. In order to achieve those goals, it is important guarantee to people to
maintain their independence and autonomy as long as possible.

3.2 The Benefits of Autonomous Driving

Nowadays, from a mobility perspective, the development of ADAS technologies can
empower the elderly through a supportive environment, specifically addressed to a
more accessible mobility. In fact, as touched in the previous sections, the progressive
advancement of highly automated vehicles will be, in the next future, a significant
element that can support the society by ensuring the elderly to drive autonomously
longer and safer [42].

As already investigated by other authors [43], the potential benefits offered by the
functionalities of autonomous driving already enable older drivers to keep themselves
active and mobile for longer, since ADAS are able to provide adequate driving aids
that fill their driving difficulties during their everyday routines. From this point of
view, full-automation expects to be a valid solution to ensure the elderly’s self-
mobility, because the highly automated technology promise self-independence, not
only by increasing road safety [17, 44], but also by reducing stress associated to the
driving task, which, in turn, will fundamentally change the entire travel experience
through several possibilities and solutions. For instance, increasing comfort and
facilitating the use of automated vehicles enable older users to travel to a variety
of places comfortably but also in specific contextual conditions that they usually
avoid, due to their driving ability decline. [45]. These benefits can be provided by
offering new typologies of non-driving-related activities during the piloted journey
[46]. Among those activities, it is possible to think of new forms of productivity,
entertainment, gamification, aswell as novel transportation-related or in-car services,
which can change the value of time travel, producing, at the same time, a unique and
relaxing transportation experience.
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The latter also contributes to reshape the driving space to foster social interaction
(for example, shared mobility services), to provide new services for commuting but
mostly to reduce older people’s social margination and loneliness, producing, at
the same time, an alternative and comfortable vehicular environment for socializing
[21, 47].

4 Case Studies of Inspiring Automated Driving Experiences

Currently, the research studies in human–machine interaction are putting a lot of
attention on autonomous vehicles, because the rising of highly automated systems
are expected to drastically change the way of interacting between the human and
the car [48–50]. For this reason, this paper investigates the new potentialities of
driver-less technology, examining those factors that are able to provide to older
people accessible mobility, enhancing, at the same time, additional benefits to their
independence and well-being.

The studies explore two meaningful macro aspects that characterize the new
paradigm of highly automated systems, which—when they are well implemented—
are able to enhance the quality of the entire travel experience: the first aspect refers to
the time of interaction and the perceived cost of time traveling, which both contribute
to develop new types of activities according to the traveling time spent in the vehicle;
the second aspect regards the interactionwith the space,which contributes to generate
new ways of experiencing traveling in the urban context.

Therefore, according to the previous considerations, the contribution focuses on
exploring the design space related to autonomous vehicles, specifically investigating
on some examples of new driving experiences that give shape to new in-car interac-
tions and services related to the necessities of older drivers. In particular, the paper
analyzes some peculiar case studies that explore the implementation of non-driving-
related activities through innovative andmeaningful perspectives, aiming at initiating
a public reflection on the opportunities that autonomous vehicles can offer to improve
the quality of older people, beyond the mere aspect of technological performance.
Considering the aforementioned levels of driving automation for on-road vehicles,
introduced by SAE International [16], all case studies are based on the fourth and
fifth levels of automation. This means a situation where the driving performance
and the monitoring of the driving environment are totally under the control of the
automated driving system.

4.1 Playful and Healthy Non-Driving-Related Activities

One of the main characteristics of highly automated technology is to redefine the
perceived cost of time travel, because the characteristics of ADAS allow drivers to
replace the task of driving with new typologies of non-driving-related activities [10]
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during the piloted journey. Although other studies on public transportation show that
people generally prefer entertainment or work-related activities [51], the opportunity
of exploring autonomous driving through new lenses—such as gamification—fosters
the development of more pleasant and joyful interactions but also novel travel expe-
riences based on the elderly’s necessities, which refer also to health and leisure
time.

Considering this, AutoJam and AutoGym are two interesting and inspiring
research studies that focus on unconventional in-car activities. The two projects
are parts of the design research series Autoplay, funded by Audi [52], and they
explore new dynamics of interaction with passengers during the travel experience
to open a reflection of new potential benefits of autonomous vehicles. In particular,
AutoJam focuses on entertainment and creativity while AutoGym concentrates on
personal health and well-being. Although the prototypes are originally intended for
interacting with a general audience, their peculiarities open the chances to adapt all
design solutions perfectly to the characteristics and necessities of the elderly.

4.1.1 An In-Car Music Experience

The prototype of AutoJam is an in-car music experience that combines music
listening with the game of playing music. Music plays a central role in in-car enter-
tainment.While listening to music is one of the few accepted entertainment activities
during driving operations, because it establishes a unique emotional experience of
driving [53]. Therefore, in a driver-less scenario, music can provide a more interac-
tive experience by using the concept of gamification. In that case, AutoJam is based
on a touch sensitive steering-wheel cover that enables users to play their favorite song
as a member of the band, because it can be played as a drum machine. Instead of
using a traditional visual display for interacting with the users, the vehicle communi-
cates with them by involving their body through a touch-based interaction. The game
provides three types of interaction according to three stages of a driving situation: the
idle phase corresponds to a drum mode, the acceleration phase to a free-play mode
and the cruise phase to a progress-mode. From the perspective of an older person, this
gaming experience is really interesting, because it presents different benefits. The
interactive system involves the users in an engaging experience that makes the trip
more enjoyable even when stressful or frustrating situations occur, such as traffic.
Music rhythm makes the users more aware of the car speed and the surrounding
traffic, because it becomes a medium that informs the users of the driving situation.
Regarding particular seniors with specific limitations (for example, those who are
suffering from mild cognitive impairments), following music rhythms can be a great
cognitive training activity and a healthy way to stay active, because the system stimu-
lates people’smotor and cognitive skills and also fosters a space of creativity and self-
expression through gamification, challenges and a free-playmode. Instead, regarding
self-sufficient seniors, the direct connection with the steering wheel provides great
benefits to the situational awareness [54] of the inactive drivers, because it stimulates
the users to maintain attention on the vehicle’s driving operations. Considering this,
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although this system is conceived for the fourth or fifth level of vehicle automation,
facilitating the relationship with the dynamics of driving through this interaction is
an essential element for road safety also in the third level of automation, because it
facilitates the human driver to take over control of the vehicle when the automated
driving system requires to intervene.

4.1.2 An In-Car Fitness System

The second prototype that explores a non-driving-related activities through the use
of gamification is the AutoGym project, an in-car fitness system that translates the
experience of traveling, in particular the traffic, into an interactive physical exercise
program [55]. Driving a car is not the healthiest mode of transportation, because it
allows a very limited space for body movements that provide negative effects on the
driver, resulting in sitting fatigue and postural defects [52]. On the contrary, doing
exercises enables people to prevent negative side effects of inactivity and it can have
also a beneficial impact of the general well-being and stress relieve [56]. In order to
decrease issues related to the inactivity, the project explores an interactive system for
in-car exercises that transform autonomous driving into an active and healthy in-car
experience.

With this aim, Autogym motivates the users to perform mini exercises through
a game-like interaction by using a spinning machine that can be used by hand. The
system requires the user to predict the traffic situation and choose the length of
the exercise based on this prediction. Considering this, the length of the exercise is
related to a certain amount of spinning turns, which are determined by the driver’s
prediction. The goal is to complete the spinning turns within the predicted length
of time. However, the resistance of the spinning machine varies according to the
speed of the car, so the users can spin only when the vehicle drives slowly. For this
reason, the users must anticipate the current traffic condition to select the correct
time segment, in order to complete the selected workout in time.

In that case, referring to the older users, this prototype is undoubtedly a great
opportunity to increase health and well-being among the users even during the
travel experience because it provides a supportive environment that incites people
to perform physical activity. That particular physical activity also promotes users
to maintain a correct heads-up posture, which can reduce motion sickness, usually
related to other common non-driving-related activities, such as reading a book or
interacting with an electronic device. Moreover, the interactive system can increase
trustiness in the automated driving system, because the relationship between physical
exercise and driving activity confers to the users a feeling of control over the vehicle’s
driving operations [13]. This consequently enriches the situational awareness of the
drivers, because the system pushes the inactive drivers to unconsciously monitor
the automated driving system’s performance and speed while they are engaged in
the game. In addition, using the car’s speed as a playable input during the workout
segment can positively reframe the perception of traffic, ensuring a more pleasant
and less stressful journey. Connecting users to the vehicle speed can also increase
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the feeling of autonomy and competency—typically related to the traditional driving
experience—because the game, instead of adapting human’s activity to the speed of
the car, could transform it into a parameter for controlling the driving style of the
car even in the full level of automation. This could enable a sort of dialogue with the
automated driving system, allowing users to affect the car’s behavior through their
personal intentions.

4.2 Exploratory and Shareable Commuting Experiences

Another important fact is that highly automated technology is able to redefine the
interactions between the vehicle and the context of traveling, specifically regarding
commuting and socialization among passengers.

As already mentioned before, making mobility more accessible for older people
helps them to increase their engagement in society [57], and to stay connected to their
community [30]. Increased level of accessibility reduces also loneliness and social
exclusion, increasing, at the same time, psychological well-being, independence
and self-determination [58]. For many seniors with decreasing physical and cogni-
tive abilities, mobility can be traditionally supported by using public transportation
services as a valid alternative to the private car.

However, poor street and network design and limited transport services might
potentially create a senseof anxiety anddiscomfort to seniors,which, in turn, decrease
the perceived levels of transport accessibility [59]. Considering this scenario, the
potential benefits of the elderly’s mobility can be restricted due to the risk of social
exclusion but extended by using the potentialities of the highly automated technology.

Since autonomous vehicles have the opportunity to relieve the older people from
the task of driving, the sensation of being out of the loop can be experienced as a loss
of control as well as a feeling of reduced competency and autonomy, because the
users’ intended journeys are completely managed by the highly automated system
[60]. Furthermore, the assumption of using an autonomous vehicle formoving people
efficiently from a place to another may risk producing new mobility services with
characteristics very similar to those presented in traditional public transportation.

This may not resolve the perceived barriers that the elderly already experience in
meeting their daily mobility needs while using public services. On the contrary, the
value of autonomous driving could build a new perspective for commuting, which
would generate a new urban system that would foster a space for conviviality and
leisure time—due to the ability of the ASAD to drive a vehicle autonomously—
without losing the feeling of independence of traditional vehicles that are usually
affected by fixed schedules and routes of the conventional public transport.

Considering this, in the following section, the paper analyzes two project concepts
that aim to redesign the experience of commuting by utilizing the potentialities of
autonomous driving to make older people safer and more motivated in traveling,
according to their necessities.
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4.2.1 An Exploratory Navigation Application

A project example that focuses on the theme of commuting is the third prototypes of
the AutoPlay series, named AutoRoute, which investigates the relationship between
the vehicle and the urban context through a new exploratory travel service. Although
the project refers mostly to the work-related activities, commuting can refer to any
regular or often repeated traveling between two locations. In both cases, car-based
commuting is often perceived as a daily hassle, because, for most of the drivers, it is a
stressful routinized driving task [61]. However, autonomous vehicles have the chance
to change the commuting experience fundamentally as the highly automated system
can provide to the passenger extra time, not only for doing some non-driving-related
activities, but also for self-reflection or relaxation.

For this reason, AutoRoute offers a playful navigation and screen-based applica-
tion that frames commuting as an explorative and self-fulfilling activity, because it
enables the users to route the autonomous vehicle through their personal reflections
of preferences and point-of-interests. The systemworks as a two-stage process in the
return trip: in the going phase, the users have the opportunity to predefine the route
back by selecting interesting tags (such as surrounding point-of interests) and routing
corresponding point-of-interests that they want to visit completely in an exploratory
mode; in the return phase, based on the time-budget available to the user, the system
calculates the best route depending on the point-of-interests that were selected in
previous phase. If there are too many point-of-interests for the selected time-budget,
the users are asked to review the trip. If the time is larger than the selected point-
of-views, the users can immediately route new point-of interests on the go. In that
case, the user can route or un-route some point-of-interests spontaneously while the
highly automated system is driving, and then, the vehicle immediately adapts the trip
to the new route.

Therefore, the project can offer to older people a new tool for redefining their
own travel routines with the inspiration to undertake new ways. In fact, Auto Route
promotes the exploration of newplaces or routes by suggesting newpoint-of-interests
during the time trip. This feature can also be capable of increasing awareness about
the commuting routine-nature, because it enables the users to avoid repetitive and
stressful activities by replacing them with novel and relaxing trips. Moreover, the
system offers the feeling of freedom and independence, because older people have
the chance to potentially go everywhere and stop or return instantly by spontaneously
re-routing their trip, according to their preferences. In that case, although the system
is conceived for a fourth or fifth level of automation, it enables users to afford the
feeling of independence, because it provides them with a sense of being in control
of the vehicle by directly promoting spontaneous decisions—based on the driving
context—that change the initial destination decided by the automated driving system.
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4.2.2 A Commuting Service for Social Interactions

A second interesting example linked to commuting is Hōyō, a research project
developed by the design researcher Alice Buso, in collaboration with Ford Motor
Company. Although Hōyō is in a form of a concept, the project offers a promising
scenario that rethinks the interaction of the vehiclewith the space of the urban context.
The project is similar to AutoRoute but it is more addressed in stimulating social
relations within citizens.

The project, indeed, envisions a scenario of shared automated transport, based
on an on-demand-service. Hōyō offers to older people the freedom to choose their
journey according to their preferences, sharing, at the same time, the travel experience
with other people who have common interests.

Selecting the trip mates can be performed by a peculiar interface, which, instead
of being located in the vehicle, as a normal dashboard, is a pocket and transportable
device that can travel with older people as a wearable item. In that way, the device
enables users to predefine their trips before interacting directly with the tangible
space of the vehicle, which, in turn, extends the experience also within the domestic
environment. Older people, indeed, can set up their trips comfortably at home while
the intelligent system provides some reminders (such as advising to do not forget
personal objects), or useful information (for instance, weather forecast), according
to their needs. Hōyō acts also as a pass to open and access into the booked vehicle,
in order to increase the feeling of privacy and security among all passengers. When
entering in the vehicle, the device can be paired with the vehicle, in order to adapt the
functionalities of the car to the elderly’s needs, such as playing a specific typology
of music, setting a particular light ambient, or providing visual information about
the trip. At the end of the journey, users can rate their travel mates according to their
preferences so that Hōyō enables them to repeat the experience on the next travel,
with the same people who received higher scores.

Therefore, this project provides to older people autonomy and feeling of control
on the vehicle, because the traveling system can be easily set up by users based
on their intentions. The project also produces a supportive space for conservation
that facilitates social interactions among people with common interests, safely and
comfortably. This helps older people to stay psychologically active, as the system
increases the opportunity to reduce social exclusion, loneliness and depressiveness by
supporting them in meeting and socializing with new people. In addition, the system
acts as a personal companion, because—according to their needs—it empowers older
people’s independence by supporting them throughout their travel experience with
reminders or suggestions about their journey.

5 Conclusion

As described in the previous sections, the progressive world aging society and the
consequent increase of the elderly population are showing the necessity to redesign
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the current mobility according to the needs and expectations of older population.
Among the various new technologies that can assist aging, the development of ADAS
systems and the rising of autonomous driving are becoming significant elements that
are giving to the current transport system a new perspective. That technology, indeed,
can enhancemobility to older people, by providing them, not only amore efficient and
safe transportation system, but also several benefits that increase comfort, well-being
and social inclusion.

In fact, nowadays, the highly automated systems create new chances to completely
redesign the user experience of the vehicle, which, in turn, can support mobility for
the elderly bymaintaining their self-independence and autonomy as long as possible.
This is because, the vehicle—once relieved the elderly from the task of driving—is
able to change the way of interacting between the human and the car by providing
new non-driving-related activities that enhance a more comfortable and less stressful
quality of the entire travel experience and, at the same time, offer new possibilities
to increase physical and psychological health of people.

Considering this, the case studies presented in this paper, are great examples of
alternative uses of autonomous driving. In fact, the future of fully autonomous driving
might suggest a scenario in which inactive passengers only need to enter the desti-
nation making their independency of feeling of autonomy quite obsolete qualities.
Instead, within the described examples, driver-less technology is able to stimulate
active and healthy aging by exploring more active typologies of non-driving-related
activities and offers new scenarios of urban mobility that can increase social inclu-
sion, but also the feeling of autonomy and competency by facilitating the relationship
between the vehicle’s behaviors and the user’s actions.

In addition, all projects try to translate the common belief of the car as an extension
of the office, by providing meaningful activities beyond entertainment or work. In
fact, the first two examples offer two unedited activities that suggest and motivate
older people to perform psychological and physical activities while traveling. The
second examples propose new traveling experiences that can be used to transform
the routine of commuting into an explorative navigation experience or into a space
that facilitates social interactions among people. In every case, the examples benefit
from situational awareness of the inactive driver, because the users are constantly
encouraged to interact with the external context and/or the vehicle’s dynamics of
driving. This keeps the users unconsciouslymonitoring the behaviors of the vehicle—
even though it is already capable of driving itself—thatmakes them ready to intervene
in case of exceptional take-over-control.

Therefore, highly automated systems present, nowadays, great chances to open
a novel design space for experimenting new useful and meaningful interactions
that can produce a more age-friendly future for older people. For this reason, the
presented automated driving experiences can be a valid starting point to promote
further research investigations on autonomous driving beyond the mere aspect of
technological or functional performance aiming at discovering new significant activ-
ities that enhance accessibility and, at the same time, support a healthy aging by
preserving the elderly’s autonomy, health and well-being.
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Remote Caring for Older People: Future
Trends and Speculative Design

Oya Demirbilek

Abstract The present chapter explores IoT trends and applications’ current and
speculative futures to support older people living independently. It focuses on the
bathroom area, one of the most dangerous domestic places for ageing bodies. The
chapter first presents literature on IoT devices and older people ageing in place,
discussing their relationship, the blurring into cyborg territories and the ramifica-
tions.Next, technology uptake is discussed,with an example fromaprevious research
study. Next, healthy ageing, active ageing, and quality of life are discussed through
the medical and social models of health, and a new model of technological enhance-
ment and monitoring is proposed. The vulnerabilities of older people and IoT’s risks
and ethical implications are also covered, followed by current IoT trends and appli-
cations for accessible bathrooms, with pros and cons for each. The following section
introduces speculative design approaches exploring the possibilities and implications
on the future of caring for older people, illustrated with three examples: two specula-
tive projects and one science fiction movie. The final section discusses the inclusive
nature of caring and the importance of inclusive design approaches to designing and
implementing IoT healthcare products and remote-age-care systems for older people
and their families/caregivers.

Keywords IoT healthcare for older people · Speculative design · Remote care for
older people · Future of aged care

1 Introduction

Globally, billions of Internet of Things (IoT) and surfaces, from tiny to large, are
connected to the Internet, have sensors, and collect and share real-time data. The
predicted number of connected IoT devices by 2025 is 75 billion [1]. These devices
and systems offer apparent benefits for large industries and companies, for which the
top considerations are efficiency, agility, and targeted marketing. This chapter looks
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at the benefits and detriments for older people and ways to make remote healthcare
and support work for them and their caregivers.

The chapter has four parts. The first section looks at the literature on IoT and
older people ageing in place, discussing the relationship between older people and
IoT devices, how IoT extends the human body into cyborg territories and the ramifi-
cations. Technology uptake is then discussed, with an example from a research study
done a few years ago with older people on future bathrooms. Next, healthy ageing,
active ageing, and quality of life are discussed through the medical and social models
of health, and a newmodel of technological enhancement andmonitoring is proposed
for healthcare supported by IoT. This section also covers the vulnerabilities of older
people and the risks and ethical implications of IoT for them.

The second section presents current IoT trends and applications that can comple-
ment an accessible bathroom and support older people and their caregivers, with
pros and cons for each. The third section introduces speculative design approaches
to explore and understand the possibilities and implications of technologies on the
future of caring for older people. This section is illustrated with three examples: two
speculative projects and one science fiction movie, all three looking at what caring
for older people is from different angles and exploring the relationships between
technology, IoT, AI, and older people. The fourth section discusses the inclusive
nature of caring and the importance of inclusive design approaches to designing and
implementing IoT healthcare products and remote-age-care systems for older people
and their family/caregivers, as both parties go through a range of emotional states.

1.1 The Merging of Commercial and Consumer IoT

Consumer IoT devices offer good opportunities within the domestic environment
aside from the evident privacy and safety risks. Further to giving home dwellers a
better understanding of how their homes operate, adjusting energy usage settings, or
streaming music from smart speakers, IoT devices can also help family members,
carers, and doctors provide remote care for older people living on their own. It does
that by allowing the latter group to live independently for longer and avoid or delay
the dreaded move to a nursing home [2, 3]. In an ideal scenario, those devices can
ease communication between health practitioners, family/carers and older people
and help support and monitor older people so that they can get on with their lives.
Mobile health (m-health) is described as the use of mobile and wireless technologies
such as smartphones, sensor devices, personal digital assistants, and other wireless
devices to monitor and improve health outcomes [4, 5].

IoT m-health technology has the potential to empower its various stakeholders to
make informed decisions [6]. Commercial IoT has already started to assist medical
professionals and enhance the healthcare industry by monitoring the well-being of
patients and speeding the access to a wealth of patients’ data. This data can help
provide better opportunities for patients’ healthcare as they merge with consumer
IoT and allow self-monitoring via connected sensor devices. Such devices collect
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and allow for manipulating large quantities of data, also known as Big Data, related
to human activity, behaviour, performance, and interactions with devices. In health-
care, this data is sent to primary health care individuals and professionals and helps
provide feedback, individualised treatment and care plans, reminders for medica-
tion, recommendations, and coaching, back to the users. For example, IoT devices
with sensors and robotic components can send alerts to family members and primary
caretakers in cases when patients would forget to take their medication, have a fall,
or stay inactive for too long in one space [6, 7].

Health Big Data also offers medical practitioners and academics the capability
to perform large scale research on emerging phenomena and identify correlations,
provided that human research ethics conditions are met. Human research ethics
requires that all participants give their informed consent regarding their participa-
tion in the research, recording their data, and transparency regarding what will be
done with this recorded data. In addition, health Insurance companies are also very
interested in this health data.

The growing range of IoT devices is fuelling an increasing group of connected
patients and care recipients, which will see the merging of commercial and consumer
IoT products and services. From 2015 to early 2021, there have been 53,054 health-
care apps available globally at Google Play and over 318,000 health apps available
in app stores worldwide, with varying degrees of success. To be more precise, very
few such apps are successful, and most would only be used for a short period [8, 9].
Medical-grade wearable IoT products are among the most promising IoT healthcare
applications, empowering people by allowing them to have an active role in moni-
toring their health by tracking their vital signs, sleep, and activity data. As a result,
patients are empowered and made more aware of their health status. This aware-
ness helps them become collaborators with healthcare practitioners on their health
outcomes, take a more active role in their care plan, andmake decisions [10]. In other
words, IoT healthcare devices have the affordance to make patients more proactive
about their health.

These devices can support the remote care of older people if they are designed
to be appropriate to their needs and lifestyle [11]. For example, IoT with sensor
technology has been identified to support ageing in place in the following three ways
[12]: (1) Health status monitoring [13–16]; (2) Emergency detection [17]; (3) Health
status change notifications to healthcare providers [18]. The devices come in various
shapes and forms, such as light fixtures, domestic appliances, voice assistance, and
medical wearables. They are composed of sensors, cameras for video monitoring,
and microphones, and these can accurately track heart rate, pulse, blood pressure,
activity or lack of activity, steps, tremor, body composition (hydration levels and
muscles and bones balance) or body posture.
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1.2 Extending the Human Body

When technology is designed to enhance people’s health and activities via close
connections with the human body, this extends the body’s capabilities and morphs
into something else. One definition of the term cyborg (cybernetic organism) is
an individual with organic, mechanical and biomechatronic body parts to enhance
senses, physical abilities, and body movement beyond typical human limits. We
can already see varying levels of applications of this definition, with people having
pacemakers or cochlear implants or even those using exoskeleton suits or even contact
lenses. However, the story becomes complicated when implants or assistive devices
become connected to the Internet. The first legally recognised human-cyborg is Neil
Harbisson, an artist and a transspecies rights activist with an electronic antenna
device implanted in his skull, protruding over his head. This implant is to help him
extend his colour perception through vibrations, as he was born with Achromatopsia
(colour blindness). Harbisson identifies himself as a cyborg as he sees his antenna
as an organ, an extension of his body, and not a device.

Most IoT devices, smartphones, and health wearables enhance people’s abilities
in someways, allowing them to extend their physical, mental, and physiological abil-
ities into and through the devices [19], augmenting them and making them become
temporary cyborgs. This very combination is now rapidly expanding the boundaries
of the self and our humanness, raising important ethical and philosophical questions,
especiallywhenmuchBigData is constantly collected, shared, and processed. People
using these IoT devices should be the rightful owners of the private and personal data
generated from their everyday actions and bodily status. They should have the right
to own and control this data and decide who else to share it with, how often, and
when to share it. This situation requires us to amend and adapt our legislation accord-
ingly, to extend privacy and human rights to encompass the IoT devices by which
people choose to extend themselves physically, mentally, and socially [19]. This is
even more important for an ageing population, where older people would be more
vulnerable to the possible misuse of their data and violation of their dignity and
privacy.

2 IoT and Older People

One important megatrend that will shape our future is that the world’s population is
ageing due to increasing longevity and decreasing fertility rates. By 2030, a World
Health Organisation report estimates that the number of people over 60 will be 1.4
billion [20]. In 2012, this number was 8% of the total population, and in 2030, it
will double and be close to 17% of the total global population [21]. In Australia, the
percentage of people over 65 is estimated to reach 22% by 2056 [22].

Living life independently and as healthy as possible is necessary for an ageing
population living longer and growing fast in numbers. In addition to the growing
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ageing population, the average household sizes decrease asmore andmore people live
alone [23]. These two trends have brought a need for most people to “age in place”,
intending to remain as active, healthy, safe, and independent as possible for as long as
they can.However, accessibility issueswithin the home, compoundedwith communi-
cation and connection issues between older people and their family members, carers,
and health care providers, can exacerbate older people’s daily life experiences.

2.1 Technology Uptake

Older people’s attitudes and beliefs are somewhat different for technology adoption
and use, and they can be slower or more reluctant in adopting new technologies
and devices [24]. The Senior Technology Acceptance and AdoptionModel (STAM),
developed for mobile phone technology [25], assumes that users either adopt or
reject technology. Several studies looked at ways to reduce barriers and improve the
acceptance and use of technology for older people [26–30]. Moreover, older people
seem to be given technology by their children or their primary carers. As such,
they would not have an appropriation phase [31] where they would decide to select
and make purchasing decisions. Instead, perceived usefulness and social influence
from family, carers, and friends would primarily determine their intention to use the
technology.

Concerning technology uptake for older people, ease of learning has been iden-
tified as a critical determinant of the actual use and a primary factor in acceptance
or rejection, without even going through a use phase. A bad experience can lead to
the perception that the technology is challenging to use, resulting in direct rejection.
Furthermore, informing older people to help them increase their understanding of IoT
technology, their potential benefits, and how to protect themselves and avoid the risks
has been identified as necessary for their adoption of new technology [24, 32, 33].

Comparable to the above, our findings with a research project we did a few years
ago with a small group of older people indicated similar results. The findings chal-
lenged the assumption that older people would fear technology or not use it [34]. In
particular, the research findings showed that our group of older people were keen to
accept change, especially about newbathroom technology. This acceptance, however,
only surfaced after we demonstrated the potentials and possibilities of a range of
materials and technologies during an intensive co-design workshop with the older
participants. In the subsequentworkshops, our participants came upwithmore daring
and exciting ideas to use technology. For example, one ideawas to have smart mirrors
that could help track and monitor the appearance of skin moles over time, a topic
especially relevant for Australia. Some other proposed ideas were to have a large air
dryer in the shower and dry before stepping out of the shower and voice-controlled
water flow and temperature control in the shower [34].
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2.2 Healthy Ageing, Active Ageing, and Quality of Life

Health and quality of life are interrelated for older people [35, 36]. Focusing on the
quality of life seems to be more beneficial than focusing on healthy ageing, as the
latter tends to bemore related to themedicalmodel of health. In themedicalmodel, the
older person’s body would be considered “the problem needing fixing” and would be
the passive recipient of treatments due to deteriorating physical, cognitive, or mental
health and increasing dependence. This model, depicted in Fig. 1a, is directed at
the medical professions and focuses on relieving symptoms, curing, and making the
person physically fit and able.

In addition, quality of life would relate more to the social model of health, origi-
nating as the socialmodel of disability [38]. In thismodel, health and physical impair-
ments would be affected by a range of external barriers such as social, attitudinal
(deliberate or unintentional), cultural, and environmental (physical barriers), and
economic factors. In the original model, disability is viewed as socially constructed.
The social model accepts that people are diverse with different needs and that indi-
vidual people would not be able to participate in everyday activities of the society in
the sameway as everybody else due to physical and social barriers [39]. In thismodel,
depicted in Fig. 1b, the arrows represent all the external factors mentioned above that
are considered potential problem areas affecting health and well-being [40], making
them design, attitude, or policy problems. The social model is not about fixing the
person. Instead, it is about fixing external causes of health damage or impairment by
designing inclusive and accessible environments and policies.

The technological enhancement and monitoring model depicted in Fig. 1c) repre-
sents the situationwhere the person’s health, behaviour, and activity data are collected

c) technological enhancement & 
monitoring model

bigdata about the person = problem

extension of human capabilities via 
technology + loss of privacy + loss of 
autonomy over generated bigdata 

health, design, user experience, 
ethical and legal problem

the person = problem

illness, cognitive, perceptual, 
physical capabilities + physical, 

sensory and mental impairments 

a) medical model

health problem

b) social model

physical barriers & attitudes = problem

environments + societal and social barriers, 
attitudes, prejudice, stereotyping, 

discrimination
design & attitude problem

Fig. 1 Models of healthcare: aMedical model, b social model (both a and b adapted fromMcCain
[37]), and, c technological enhancement and monitoring model (by the Author)
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and analysed by various stakeholders, quantified, and monitored by the person,
healthcare practitioners, and potentially unwanted third parties. Thismodel combines
the two previous ones, (a) and (b), focusing on the health-related data retrieved from
theperson.The impacts extendbeyond the body’s boundaries and the immediate envi-
ronments. The person is now a proactive recipient of treatments. However, ensuring
the privacy and security of this data and the transparency of what will happen to it
become the main problems. This newmodel also highlights how the current situation
with IoT health devices creates ethical and legal problems intertwined with issues
related to health, IoT device design, and user experience.

2.3 Vulnerability

The World Health Organisation (WHO) predicts that by 2050, 80% of older people
globally will live in low- and middle-income countries [41]. The growing number
of older people has also increased the number of people with mobility issues, with
roughly 2 in 5 people with disability being 65 years or older. Globally, the estimation
is that there are around 1.27 billion people with disabilities, which equates to 1 in 5
people [42]. This large yet underrepresented group includes older people and people
with various disabilities. In addition, most of them will have carers, close friends,
and family with emotional attachment, which adds a further 2.3 billion people [42]
whom accessibility issues indirectly impact. These figures reinforce the needs for
inclusive design approaches to be embedded in all research and design development
processes.

Living longer is among humanity’smost outstanding achievements, with over half
of current younger generations predicted to live to be 103 years old, making our time
the century of centenarians [43]. However, living longer is also one of humanity’s
most significant challenges, as older people have one or more health conditions or
chronic diseases and are often more vulnerable in one or more of the following three
areas [44]:

1. Health and physical capability, as older people are more likely to have chronic
conditions and disability, increasing their dependence and the cost of care and
living.

2. Cognitive aptitude,
3. Social network and support that is reducing with time.

Disability is defined as caused by mismatched interactions between humans and
environments [45]. This mismatch also happens amidst a market saturated with
IoT health-related and medical devices. Most of these devices would be needlessly
acquired or would not be used safely and efficiently as intended or not used at all,
or even may not have been satisfactorily tested and evaluated for specific health
outcomes [46]. Older people above 85 years of age are also the most vulnerable to
abuse and exploitation as there would be worsening in all the three areas mentioned
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above [44]. Furthermore, the older people who could benefit most from digital tech-
nology have also been found not to use it [47]. Additionally, there is no evidence that
more useable and intuitive IoT health products positively affect the quality of life of
older people [48].

2.4 IoT Risks and Ethical Implications

Principle 9 of the Declaration of Helsinki (amended in 2013) states: “It is the duty of
physicians who are involved in medical research to protect the life, health, dignity,
integrity, right to self-determination, privacy, and confidentiality of personal infor-
mation of research subjects.” [49]. Therefore, all potential issues must be thoroughly
consideredwhen researching and designing healthcaremedical IoTwearables. There
are hardware, software, and network-related issues around the accuracy and robust-
ness of IoT wearables. The limited battery power and accuracy of the data are just
two of the potential issues. As mentioned earlier, there are also issues related to the
safety and privacy of collecting, transmitting, and using the data collected from IoT
devices, especially for a more vulnerable older generation. An article of the World
Economic Forum [50] points to the following three main risk areas:

(1) Firstly, the privacy-related risks for vast amounts of personal user data to be
combined in novel ways, allowing on the one hand to enhance user experiences,
and on the other, for corporations or for other unwanted manipulative third
parties to learn a great deal about individuals’ private lives and behaviours.

(2) Secondly, the provision of a means to undermine the Internet with malware.
(3) Thirdly, the increased risks of privacy and physical threats, malevolently or

not, with IoT devices within smart cities, where the entire digital ecosystem is
interconnected, linking the online and the physical world, making it vulnerable
to errors and manipulation.

3 IoT Applications in an Accessible Bathroom

The bathroom is a very private and personal space. However, it is also a dangerous
area, especially for older people, withmany emergency visits to the hospital resulting
from falls in the bathroom [51, 52]. Falls in the bathroom are particularly dangerous,
due to the high concentration of hard surfaces and fittings, with a high probability for
injury and evenmortality [53]. In particular, the bathtub and the shower are hazardous
areas, and most falls for older people happen near the toilet. Among the reasons for
falls in the bathroom are wet floors, small spaces to manoeuvre, bending and lifting
required in accessing the bathtub, shower or toilet, glare from lighting and shiny
surfaces, or vision-related trips and falls caused by not enough light [51].

The risk of falls makes bathroom safety one of the top concerns in making a home
more accessible to allow ageing in place. The increasing group of older people and
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people with disabilities need to modify existing homes, especially bathrooms, to
make them more accessible and less dangerous to help them live independently for
longer. The following section presents a range of IoT devices that can complement
an accessible bathroom and support older people and their caregivers.

3.1 IoT Products for the Bathroom

The growing demand for products and environments accessible for all and that can
support and enhance life for ageing in place has created research and design oppor-
tunities in these areas. Some of the outcomes have resulted in an expanding range of
IoT products turning domestic environments into smart homes and allowing family
members and healthcare professionals to provide remote support for older people.
Prominent examples of recent IoT products for the bathroom are illustrated in Fig. 2
and described below.

Data

IoT devices

Intelligent toilets using
sensors, AI and IoT. 
Collect data via skin 
and human waste. 
Provide insights via an 
app on mental & 
physical condition. 

High-tech smart 
mirrors, with IoT, 
sensors, cameras and 
incorporated light. 
Personal wellness 
assistant supporting 
mental health, body 
temperature, fertility 
tracking, hair care, and 
skincare.

Ceiling-mounted AI 
smart lamps with two-
way microphone 
communication 
channels. Detect falls, 
distinguish body 
positions between 
sitting, standing and 
laying down. Alert 
primary carers when 
needed. 

Smart taps and 
temperature 
displays adjust 
water temperature.

Smart phones, link 
most IoT devices via 
apps to users. Act as 
data collector for 
sleep, heart rate and 
physical activities. 

Smart hard or soft 
surfaces monitor 
health data on weight, 
posture, and body 
composition (hydration 
levels and muscles and 
bones balance) in a 
non-intrusive and 
intuitive way. 

Human body boundaries Extended body boundaries Data collected

Smart speakers 
using voice 
commands, AI and 
IoT. Activate lights 
and make calls. 
Plays music.

Smart wearables 
can track 
biometric data 
from heart rate to 
sleep patterns. 
Detect falls.

Fig. 2 Extension of the human body with IoT devices in the bathroom. Diagram by the Author
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3.1.1 Smart Lamps

These are ceiling-mounted smart lamps with Artificial Intelligence (AI) that look
like regular light fixtures and have two-way microphone communication channels.
They have motion sensors and can be used in all rooms and detect if an older person
needs help if they fall, distinguishing postures between sitting, standing, and laying
down. They also track activity and can provide light, tips, or warnings in case of
danger. In addition, these lamps also have smoke and air quality detection sensors
and can be programmed to send alerts to ask for help when needed [54].

3.1.2 Smart Toilets

Intelligent toilets use sensors, AI and IoT to track and analyse mental and physical
conditions. For instance, a wellness toilet in development collects data via skin and
human waste, allowing people to monitor their current health and receive insights via
an app on their smart devices [55–57]. Smart toilets include self-cleaning ones with
electronic water and ultraviolet light, toilet seats with an integrated bidet attachment
to improve hygiene, heating, soothing music, and overflow protection. Some even
include built-in speakers and docking systems for smartphones or tablets. Due to
its intimate relationship with the human body, the toilet offers potentials for many
healthcare applications. For example, researchers are developing a toilet seat that
monitors heart health for non-invasive in-home monitoring and diagnosis of cardio-
vascular disease to improve the quality of life for patients and facilitate a more
proactive approach to healthcare [58].

3.1.3 Smart Water Taps

Digital faucets can now come with anti-fingerprint surface coatings and have touch-
only or touch-free sensor activation. Taps can also comewith temperature gauges and
efficiency sensors to control water usage. Besides, they can have digital programable
displays to make it visible and easier to adjust the exact water temperature, as this
is crucial to help avoid scalding, as older people’s skin is thinner and burns more
quickly. These taps are useable and accessible for everyone, especially for peoplewith
dexterity issues. A second advantage is that they save water, hence are sustainable
[59].

Issues related to smart taps are that they require power, and their battery will run
out in a year, needing replacement. If the taps are connected to the power, they become
unusable during a power cut. Sensor taps can also self-activate due to reflections on
shiny surfaces. Lastly, due to the internal design and materials, some types of sensor
taps can harbour bacteria and need regular maintenance, disinfecting and cleaning.
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3.1.4 Smart Mirrors

IoT high-tech smart mirrors have sensors, high-quality cameras, incorporated
lights and can be operated by touchscreen controls, remotes, or voice commands.
These mirrors can become personal healthcare and wellness assistants and trainers,
supporting awide range of things, includingmental health, body temperature, fertility
tracking, hair care, skincare, andmake-up support, to name a few [60]. Smart mirrors
can also be connected to security systems and check security cameras or the front
door. Furthermore, smart mirrors are not confined to the bathroom and expand in
interactive home gym applications and fitness industries. These physical exercise
mirrors will make it possible to take private lessons or participate in real-time classes
with other people from around the globe [61, 62].

As attractive as these new gadgets may seem, there are issues related to smart
mirrors that still need unpacking from the perspective of everyday users. The main
issues are whether people feel comfortable having cameras in their bathroom or
while exercising and whether sound-activated or touch commends would work for
everyone. Other worries are the potential to become another means for businesses
to capture more data on private lives and be vulnerable to hacking and misuse.
However, issues do not stop there and include the many ways these mirrors can and
will potentially alter how we relate socially to each other, ourselves, our body image,
the environment, and technology.

3.1.5 Smart Fabric Products

The term smart fabric refers to a range of fabric products with integrated active
functionality that extends the convenience and functionality of textile materials. The
difference with smart wearables is that they are encased in clothingmaterial, whereas
smart fabrics have their functionality integrated and woven into the fabric [63]. For
example, a smart bathroom mat that looks like a standard plush fabric mat can
automatically capture and monitor health data on weight, posture, body hydration
levels, and muscle and bone balance in an easy and non-intrusive way. This mat
collects information with medical-grade pressure sensing technology, sends the data
to an app that makes the information easy to understand [64].

4 Speculations on the Future

A speculative design approach suggests that design research and design processes
can look beyond finding applications for technologies. This approach can be a great
way to explore and understand possibilities and implications related to the impact
of emerging technologies and design [65]. Critical design is an attitude that uses
speculative design outcomes to question and challenge assumptions about the role
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that products and technology have in people’s life and explores people’s relationship
to technology [65].

Speculative design approaches use design skills and tools to provoke discussions
and help us think critically about the future by imagining and depicting possible
futures, as if these were real, with the good and the bad. The outcomes of speculative
design provide a guide for a preferable future and more ethical and responsible ways
to design the future by drawing attention to likely social, moral, ethical, and political
complications and by visualising what the possible consequences of those could be.
To this end, speculative project outcomes often triggermore questions than providing
answers.

Science fiction (Sci-Fi), a form of speculative fiction, has already been doing the
above in written stories and films based on scientific discoveries and technological
advancements by exploring interactions between science, design and depicting real-
istic possible futures. Sci-Fi movies have popularised and normalised future tech-
nologies and helped establish their feasibility, as in the example of the 1981 film
Thresholds, where a permanent heart implant was introduced and saved the life of a
female protagonist [66]. Sci-Fi is especially relevant to healthcare and medicine, and
it has in many instances opened the door for medical and technological innovations
[67–70].

Below are three examples of speculations on the future. Two are speculative
projects, and one is a science fiction movie. These examples explore relationships
between technology, IoT, AI and older people. All the examples look at what caring
is from different angles.

4.1 When IoT Devices Are an Imposition

Uninvited Guests is a short film by Superflux Laboratory [71] that explores IoT
devices, intrusion on privacy and the concept of the quantified self , a term coined
by Wired Magazine editors Gary Wolf and Kevin Kelly in 2007. The Quantified
Self is about people tracking information and data about themselves (biological,
physical, and behavioural) and their environments [72]. This short film has been
widely discussed and given as an example of unintended consequences of remote
healthcare for older people, behaviour monitoring and possible frictions between
humans and IoT health-related devices [73–79]. The hero, Thomas, is 70-years old
and is living independently. The topic is about Thomas dealing with a set of tracking
and monitoring IoT devices given to him by his children, supposedly to help him live
a healthier life. The devices are bright fluorescent green and look alien to Thomas’
domestic environment. These devices are more to help his children keep a remote
eye on their ageing parent without having to be there, as in the findings from a recent
PhD study on IoT to support ageing in place [80]. All these devices are connected
to the older person’s smartphone and his children’s phones, sending him constant
warnings and messages on what to do or not do. The set of devices includes:
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• a fork that tracks his diet by measuring calories, salt, and fat in foods,
• a walking cane that tracks his steps and recommends daily step counts,
• a medication box that monitors medication intake, and
• a bed that tracks when he goes in and out of bed.

The short film has three stages. The first stage, where the hero tries to comply with
the new rules and impositions brought up by the devices and struggles to keep up. In
the second stage, he ignores the devices and receives constant alerts and calls from
his children nudging him to comply. Finally, in the third stage, Thomas outsmarts
the devices and fools the sensors, allowing him to live how he pleases and calm his
children with fake data, receiving stars and “well done” messages on his smartphone
from the apps linked with the devices. The film is a reminder that technologies
seldom function as intended, as people adapt and modify their use of products in
unintended ways to suit their preferences. In addition, the film poses questions on
how life could be in a not-so-distant future where smart IoT devices would provide
remote care for older people and how older people could keep their privacy and sense
of independence to enjoy life the way they prefer. Above all, the film asks what care
and caring really mean and for whom. This approach brings a new angle to the term
Quantified Self, and the author proposes Quantified Remote Caring for it.

4.2 A Take on Serviced Apartments for Older People

Another example of a speculative future for older people living alone and ageing
in place is the Amazin concept apartments that integrate consumption via smart
systems. Amazin is the name given to a fictional tech company inspired by Amazon,
and the project is based on smart city developments and Amazon’s Amazon Go
Groceries Just Walk Out Shopping store in Seattle [81, 82]. This conceptual project
is by Future Facility [83], commissioned by the Design Museum for the New Old
exhibition in 2017 [84, 85] that offers technology as a service rather than products.
These apartments consist of smart interiors with serviced IoT appliances embedded
into the walls as part of the architecture and positioned at a standing height, with
simple, intuitive, and straightforward designs. The wall appliances self-replenish and
self-maintain, designed to “facilitating domestic dignity” [82]. They are connected
to a service, ensuring that the fridge is continuously replenished and maintained. The
washing machine is always ready to work and has detergent and softener in it. The
dryer is maintained and cleaned, and drinking water continuously flows from the tap
when needed.

The goal is to provide worry-free domestic independence for older people via
property development that removes any stress related to purchasing appliances and
the associated domestic upkeep burdens and provides convenience via discreet main-
tenance and supply services. The servicing and maintenance are done from the back
of each appliance, accessed via a corridor placed right behind the appliance wall, to
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maintain older people’s privacy, cause minimal disruption, and balance the compro-
mise of the data shared in exchange for this convenience. The project assumes that
older people’s quality of life would improve with carefully designed self-supplied
domestic appliances that do not require any maintenance and servicing and are a
permanent part of the home. This speculative project offers a glimpse of what a
convenient independent domestic life could look like for older people yet leaves the
problems associated with data exploitation open for discussion and interpretation.

4.3 Frank and the Robot

This example is from a near-future Sci-Fi movie, Robot and Frank [86], where
technology is depicted as humanised and subtle. The movie tells the story of the
bond between Frank, an older person with dementia and a retired burglar living
alone, and a caregiver robot that does household chores and provides healthcare and
health advice. Frank has a daughter and a son. Both his children are busy with their
own lives yet want to ensure their father is doing well. The robot is given as a gift
to Frank by his son to help him have a routine to cope better on his own and allow
the son to spend more time with his young family, relieving him from spending his
weekends travelling to and fromhis father’s home.The robot iswhite and has friendly,
harmless, and human features without a face. It can also learn via AI, recording
everything in its “memory”, make calls to family or carers, and is programmed to do
anything required to keep its owner mentally healthy and physically fit. The robot
only becomes attractive to Frank when he realises that he can train it to perform
burglary, as this is the one thing that seems to keep his mind alive and healthy. Frank
brightens up during his preparations for a heist with the robot, and his dementia
seems to subside. Through the evolving relationship between Frank and the robot,
the movie addresses the care and caregiving issues. This movie also illustrates how
people can potentially use AI programable technologies in unexpected ways and
questions what “normal” expectations and routines for ageing should be, or whether
there should be any expectation or routine at all.

5 Inclusive Nature of Caring

A baseline definition of care would be that it is a positive, compassionate attitude that
requires emotional connection and investment in the well-being of the person cared
for [87]. This caring attitude is inclusive and empathic and requires reciprocity of
dependencies [88]. For example, people who genuinely care for their ageing parents
and relatives will gift technological devices to them to help track their activities,
monitor health-related data, and be alerted in case of an emergency. This Quantified
Remote Caring, in a way, is a well-intentioned good thing yet is only concerned
with physical and physiological issues and cannot compensate for the loss of social
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contact and the feelings of guilt for less time spent with older parents or relatives.
Are we at risk of losing our humanity and being “impoverished without our old
people, for only by contact with them can we come to know ourselves”, as Littman
and Myerhoff propose [89]?

On the other hand, besides the various difficulties older people have inmaintaining
their independence, they also deal with psychological issues, such as loneliness and
the need for belonging. Therefore, IoT healthcare devices can onlywork if this allows
them to feel connected and cared for instead of feelingmonitored and controlled [90].

Accessibility is about designing products usable by everybody, and an inclusive
design approach is amindset that requires learning from and addressing user diversity
to include as many people and viewpoints as possible. If we solve an issue for people
affected by a specific condition, the solutions will work for a larger group, if not
everyone. Inclusive design approaches to IoT healthcare products and remote-age-
care systems can help develop compassionate empathy and respect for older people.
We need to feel compassionate empathy towards ageing and older people wanting
to live independently. This compassion enables to act and help by developing design
solutions that would be ethical and work for as many people as possible, ideally for
all, including family members and carers.

6 Conclusion

Designing and building delightful IoT solutions accessible to all is half of the story.
“Ageing issues are not referable to the physical sphere only” [83]. Older peoples’
dreams, need for purpose, and social lives are equally important as their health and
mobility for their well-being. Remote caring does not replace social interactions. IoT
products cannot fix loneliness and replace missing social company, not to mention
the possible feelings of anxiety and stress caused by constant monitoring and alerts.
This anxiety and stress can occur both in older people and in their family/caregivers,
as both parties can have to go through a lot of data and information, some of which
potentially triggering unnecessary worry or panic.

Future speculations on IoT healthcare devices and systems can only be co-
designed collectively with older people and their close family and carers for a sound
rethink and reimagination of how we can all “age in place” with reasonable care
and support. Technology on its own does not solve things; people do. Considering
that socialisation is a crucial component of healthy ageing, IoT healthcare devices
should be designed to allow for healthy andmeaningful connectedness between older
people, their family, carers, and friends for such collaboration to happen at larger
scales. Furthermore, such devices should be simple and intuitive to use, withminimal
setup burden [90].

It is important to remember that if and when older people decide which device or
product to adopt, use, or purchase, they will prioritise their dignity over convenience
[91]. Besides, “Nobody likes to admit they are getting older and need help.” [92].
Healthcare IoT devices are a new technology for most older people and should be
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designed by carefully considering their lifestyles, needs, andwants [28]. Such devices
and systems should also be as unobtrusive as possible [93] to better support family
members and carers to help older people get on with their lives by using monitoring
to connect with them and detect any changes that could require intervention. To this
end, we need to imagine and explore the future we all want to live in and make sure it
happens, as designing for older people is “designing for our future selves” [94, 95].
This task requires us to imagine and speculate on possible futures based on current
technological and scientific developments and make a preferable future happen.
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Innovative Street Furniture Supporting
Electric Micro-mobility for Active Aging

Theo Zaffagnini , Gabriele Lelli , Ilaria Fabbri , and Marco Negri

Abstract The promotion of active aging and healthy mobility among seniors is a
global challenge. The recent diffusion of e-bikes,mobility scooters, and electric tricy-
cles has disclosed new opportunities for older adults to get around with less effort
and much later in life than they previously imagined. As electric micro-mobility
makes it easier for older people to stay active and reduce isolation, they might, in
turn, require cities and communities to implement better, more people-centric infras-
tructure to support them, delivering great benefits for residents and commuters of all
ages, as well. Within this framework, this chapter presents objectives and prelimi-
nary outcomes of an applied research on IoT-based urban services, commissioned
by one of the leading Italian utility operatings in environmental field, and dealing
with the design and installation of a network of Smart Hubs, accessible and versatile
street furniture combining electric charging station with a wide range of other urban
services. Smart Hubs’ network represents a cutting edge IoT application providing a
smarter user experience for all city users, especially the elderly. The inclusive design
approach combines physical and digital elements to improve well-being and offers
innovative urban services. The chapter will point out how brand new IoT-based solu-
tions and the global diffusion of electric micro-mobility have the potential to rewrite
the consolidate distribution, density and features of services found in a traditional
bike-friendly city, as they enable commuters and citizens, even those that can no
longer cycle on a regular bike or comfortably moving around by foot, to reach longer

T. Zaffagnini (B)
Architectural Technology, Architecture Department, University of Ferrara, Ferrara, Italy
e-mail: theo.zaffagnini@unife.it

G. Lelli
Architecture and Urban Design, Architecture Department, University of Ferrara, Ferrara, Italy
e-mail: gabriele.lelli@unife.it

I. Fabbri · M. Negri
International Doctorate in Architecture and Urban Planning (IDAUP), Architecture Department,
University of Ferrara, Ferrara, Italy
e-mail: ilaria.fabbri@unife.it

M. Negri
e-mail: marco.negri@unife.it

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
S. Scataglini et al. (eds.), Internet of Things for Human-Centered Design,
Studies in Computational Intelligence 1011,
https://doi.org/10.1007/978-981-16-8488-3_15

313

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-8488-3_15&domain=pdf
http://orcid.org/0000-0002-9693-809X
http://orcid.org/0000-0002-5979-9502
http://orcid.org/0000-0001-6973-3577
http://orcid.org/0000-0002-9733-5303
mailto:theo.zaffagnini@unife.it
mailto:gabriele.lelli@unife.it
mailto:ilaria.fabbri@unife.it
mailto:marco.negri@unife.it
https://doi.org/10.1007/978-981-16-8488-3_15


314 T. Zaffagnini et al.

distances in a shorter amount of time. Beyond the design of a new street furniture
supporting personal electric vehicles, the research investigates the most effective
aggregation of different public amenities and facilities (public restrooms, hydration
stations, benches and others) and figures out the possible impacts of these smart
living environments throughout the city on seniors’ mobility and autonomy.

Keywords Urban Health · Urban design · IoT · Smart city · Sustainable mobility

1 Introduction

Urban mobility plays a fundamental role in the promotion of elderly healthcare. The
main elements of this field—i.e. public space network,means of transportation, trans-
port behaviors—affect not only the urban environment but also individual behaviors
and social relationships.

All these issues, which account as non-clinical factors for 80% of people’s health
condition [1], can be referred to the Dahlgren andWhitehead rainbow [2], one of the
most relevant frameworks about the social determinants of health. Urban mobility
acts on all the Dahlgren–Whitehead rainbow layers, which set up the genetic and
environmental factors that influence physical andmental health starting from the indi-
vidual’s ability to influence these factors. Between the individual lifestyle factors—
the inner Dahlgren–Whitehead rainbow layer—we can include the choice of means
of transportation and related mobility patterns have a direct impact on the other
rainbow layers as their influence on social and community networks and on the level
of accessibility to urban services.

These factors have been taken up in several in-depth studies and policies related
to active aging, one of the most relevant issues in elderly healthcare. Health21, the
European policy framework for the promotion and protection of health in the twenty-
first century includes in its targets healthy ageing “as reflected in increases in life
expectancy, disability-free life expectancy, and the proportion of older people who
are healthy and at home”; “reducing non-communicable diseases” and “a healthy
and safe physical environment” [3]. The importance of transportation in achieving
Health 21 policy goals and its role in improving the social determinants of health has
been highlighted in several documents and reports—cf. on impacts [4, 5]—which
promote active and public transport as they provide physical exercise, reduce fatal
accidents, increase social interaction, and decrease air pollution. Furthermore, WHO
andEuropeanCommission [6, 7] has defined transport andmobility as one of themain
domains to achieve an age-friendly city, providing a series of indicators to measure
the impact of planned interventions to improve the social and physical environment.
In this context, acting on the core factors of urbanmobility—i.e. means of transporta-
tion and urban services—can provide significant improvements on supporting active
living and maintaining elderly connections to social networks and urban services.

The digital revolution and particularly the widespread use of connected devices
has created new networks of objects—Internet of Things (IoT)—leading to a radical
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change in all sectors, including those of healthcare and urban mobility. New oppor-
tunities of action with smart objects have changed the mobility sector from a car-
based paradigm to a transversal one more focused on mobility service and user
experience—Mobility as a Service (MaaS).

These improvements unlocked the spread of new approaches to urban mobility
services more suited to the mobility demand andmode of transport. Sharing mobility
has emerged as one of the most effective urban mobility services in both urban and
suburban areas, enabling new optimizing the demand for mobility and improving
the efficiency of the whole transportation system. The flexibility of sharing mobility
platforms has also favored the use of new means of transportation, lighter and less
polluting. One of the most interesting segments is electric micro-mobility—i.e. e-
moped, e-scooter, e-bike—a hybrid transport system alternative to car sharing in
urban and suburban areas, accessible to all age groups and able to combine the
positive effects of active mobility while reducing the physical effort required. While
most EU cities have already adopted e-car sharing systems, e-bike solutions are
increasingly growing: for instance, Sharing Cities, one of the major EU sharing
platforms on smart cities solutions, identified e-bike sharing schemes as one of the
best practices supporting the shift to low carbon shared mobility solutions. Milan,
London, and Lisbon are just some of the cities that have adopted electric bike sharing
schemes to support sustainable and active mobility.

On the other hand, the availability of new digital technologies—artificial intel-
ligence/AI, IoT networks, smart sensors—has changed healthcare services toward
a more integrated and personalized system that supports people’s autonomy and
gathers personalized health datasets to assess people’s lifestyle. The use of digital
devices, smart objects, and smart services can unlock new health data, a key element
for digital health services, supporting a continuous care system that overcomes the
current hospital-centered common vision. According to the main policy framework
[7], one of the core issues is to create an integrated health and care ecosystem, where
Silver Economy and e-health are blended and ICT products and services are inte-
grated to allow a cross-border use of health services. A patient-based model of health
and care that takes greater account of the patient’s social relationships, the quality of
the physical environment, and the degree of accessibility to essential urban services.

Within this context, urban mobility services constitute one of the main IoT inter-
faces in the urban environment, contributing to active aging policies and urban acces-
sibility. This chapter presents the objectives andpreliminaryoutcomesofSmartHubs,
applied research on IoT-based urban services, particularly the ones related to elderly
healthcare and active aging. Firstly, will be introduced the methodological pipeline
in which the project has been developed. Then there will be a selected literature
review on e-bikes and international case studies, linking them to the chapter issues.
These findings will frame the Smart Hub project, described regarding the product
issues and its relationships with the urban environment. The conclusions will outline
the early findings of the project and their possible impacts on the creation of smart
living environments fitted for the elderly.
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2 Methodology

The applied research presented in this chapter regards the installation of innovative
street furniture already developed as a prototype and named Smart Hub. The testing
activities are made within the AIR BREAK project, a UIA initiative focused on
the promotion and co-production of innovative air quality solutions to transform
degraded areas into healthy living environments [8].

According to the project schedule and deliverables, the project activities consid-
ered for this contribution are mainly the site selection and the co-design process.
These are completed with a literature review focused on the healthcare benefits that
e-mobility systems could provide for the elderly and how these issues are related to
the urban environment. The literature findings will enable us to put in perspective
the project aims and its preliminary outcomes.

Regarding the selected activities, a first issue to point out is the fact that the Smart
Hubs will be tested in 4 areas near the city center, selected according to the project
needs and urban context characteristics. This would provide an opportunity to collect
more feedback and information—which means more valuable data for research and
project development—and to refer them to specific site issues e.g. demographic
structure, environmental quality, or cycling network offer.

A second element to point out is the support of a co-design lab; a series of partic-
ipatory events to involve users, stakeholders, experts, and local communities on
three main objectives. First of all, sharing ideas about complementary services and
features that could be installed or implemented in the Smart Hubs, both the four
planned within AIR BREAK the project and the future ones. The second objective is
to co-design the Smart Hubs character relating to the different urban contexts where
they will be installed, involving locals to respond to the context needs and promote
virtuous synergies. Finally, involving economic stakeholders and local communi-
ties to envision innovative business models which can contribute to Smart Hubs
dissemination within the city, delivering tailored smart solutions according to local
contexts and needs. The co-design process is structured in five steps (Fig. 1): prelim-
inary presentation, first focus group, workshop on Smart Hub services, second focus
group, public presentation of the results. The quantitative research techniques used
for the co-design lab aim to deepen different aspects of user feedback. While the two
focus groups stimulate interaction between participants, encouraging the sharing
of ideas and new insights, the workshop seeks to co-define specific features of the
project—i.e. sensors and services—with users and stakeholders. The combination
of these methods supports the creation of valuable interactions and the deepening of
user needs, key elements to improve system features such as usability, accessibility,
and security.

All these activities share several elements with the User-Centered Design (UCD)
framework (Fig. 2). In particular, the diversity of collected data consents different
types of evaluations about both user experience widening the possible contributions
on urban health. Thus, the heuristic evaluations about the project would impact
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Fig. 1 Calendar of the co-creation process “designing together smart hubs”

Fig. 2 Test and refine process edited from the usability.gov UCD map [9]

several urban health domains, from specific kinds of users—e.g. elderly—to envi-
ronmental factors. Thus, the UCD framework would be used combining different
fields of research to obtain new implementations of the whole project.

3 Literature Review

Researchers developed a wide range of scientific contributions to assess the e-bike
phenomena, highlighting their contributions to decrease traditional cycling barriers,
especially the level of physical effort required for the non-motorized vehicles and the
average travel speed. The use of e-bikes is functional in hilly or windy environments
and for users with limited physical impairments; moreover, electric bike sharing
systems can improve connectivity [10, 11] not only in urban areas but also in rural
territories with an underdeveloped public transportation system [12].

These characteristics have contributed to the increasing success of the e-bike,
producing a substitution effect from other transportation modes in several countries.
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In China, the use of e-bike has been widespread since the 90 s, where it is used by
elderly and non-elderly people for commuting, establishing as an effective alterna-
tive to public transport and private cars as it is more convenient in terms of time
and money [13–15]. In Europe, most of the scientific literature comes from northern
countries such as Belgium, the Netherlands, and Sweden and confirmed the e-bikes’
contributions to significantly reduce car trips [16] and improve traffic and environ-
mental conditions. With the increasing popularity of e-bikes among the elderly and
commuters [17], follow-up research [18, 19] highlighted the potential downsides of
the unselective substitution of existing transport modes with e-bikes. These studies
suggest more targeted engagement policies, mainly focused on users who benefit
most from this solution.

Within this research field, several studies have been conducted focusing on the
most frequent motivations for using an e-bike and the health benefits of e-bikes
for the elderly. An extended survey in older e-bike riders [20] assesses their main
motivations related to this transport choice. The survey showed how most of the
respondents had already been regular cyclists and how the main motivations were
related to riding with less effort and replacing car trips with other transportation
modes. Another recent publication [21] confirmed these outcomes, finding that the
main motivations for riding e-bikes are the possibility to conquer longer distances
or steeper climbs and their improvement of physical and mental health.

Because of the features of this transport mode, the e-bike health impact depends
on the mobility patterns it substitutes. On the one hand, when the e-bike replaces
conventional bicycles, health benefits may decrease [22] or otherwise be challenged
[23]. On the other hand, the shift from motorized vehicles leads to less air pollution,
reduced traffic congestion, a more active mobility pattern. Regarding safety aspects,
the higher speeds of e-bikes cause more risks compared to conventional bicycles.
Although riding an e-bike is likely to cause more severe injuries and increase fatality
risk, the elderly e-cyclists speed can be compared to the speed of cyclists in middle
adulthood on a conventional bicycle [24].

Follow-up research by Van Cauwenberg et al. [25] analyzes how e-bike promotes
healthymobility among older adults agedmore than 65 years. Survey results indicate
that seniors use e-bikes for both transportation and recreation, helping tomaintain the
social relationships that are a central issue of healthy aging. The contribution of this
mobility choice to sustainable mobility lies mostly in the fact that e-bike maintains
cycling even for older adults and enables moderate-intensity physical activity.

A recent extended review of existing literature [26] confirmed that seniors, out-
of-shape people, or people with physical impairments as those who can benefit most
from the e-bike, balancing safety concerns with health and environmental benefits.
Moreover, the same research detailed the factors influencing the health of e-bike users
finding that e-bike is more indicated for people with a low or average level of health
and that e-bikers aged between 50 and 64 years have more consistent health gains
than younger cohorts. Regarding the trip length, the study indicates how health gains
for this cohort are minor in a 5–10 km trip starting to be more and more significant
from this distance.
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These researches highlight how the promotion of urban bicycling and e-mobility
leads to an effective improvement of urban health, considering both physical
health and the social, economic, and environmental factors underlying the social
determinants of health and active aging models.

Bringing these considerations back into the urban environment, if we consider
the smart city as an “effective integration of physical, digital, and human systems in
the built environment to deliver a sustainable, prosperous, and inclusive future for its
citizens” [27] it can be argued that a real smart city has to take into account the active
aging and healthy city concepts. The correlations between these concepts and the
urban environment have been studied mostly in the field of transportation and urban
planning. ThefiveDsmodel—density, diversity, design, destination accessibility, and
distance to public transit—tries to define five key elements of urban form generally
associated with walking and cycling [28, 29].

If density, destination accessibility, and urban design are strictly associated with
high levels of walking, cycling can be intended as a more complex phenomenon that
depends both on urban design and socio-economic factors as the perception of the
bicycle as a “budget” transportationmode or as a “default”mode socially accepted by
the whole population. Several Chinese studies made a quantitative analysis between
cycling and urban environment characteristics, finding that a medium distance to the
city center, finding that the e-bike is more widely used in areas not too far from the
city center, with high occupancy density, use mix and with limited public transport
offerings [30, 31]. The European context also seems to confirm these findings, corre-
lating higher levels of bicycle use with urban areas well connected to other parts of
the city and with a high density of points of interest [32]. Specifically, the research
shows that the most influential factors for bicycle use are flat terrain, proximity to
retail services, high population density, and good road network connectivity.

All these findings match with public health strategies for designing healthy envi-
ronments. Mobility and accessibility are a fundamental part of the Urban Health
promotion [33], as it can be easily traced in at least four of the thirteen Urban
Health Strategies selected from a wide literature review that examined the correla-
tions between urban health and physical environment [34]. The improvement of bike
sharing systems, which we could extend to electric bike sharing systems because of
the above mentioned research, is considered one of the key actions for the reduc-
tion of vehicular traffic, namely one of the urban health strategies indicated by the
authors. According to the research findings, working on bike sharing schemes is
correlated to several Health Outcomes such as Urban Heat Island, air and pollution
and noise, safety and security, and the attractiveness of places. By demonstrating the
key role of the urban environment to move from a medical model to a social model
of Public Health, this study highlights how these strategies must be considered from
the earliest stages of urban planning by involving professionals and communities to
implement shared and verifiable urban health strategies.

Another relevant public health strategy related to these issues is theHealthy Streets
approach [35], a human-centered framework aiming to improve urban health factors
in the road network. This approach has been adopted, among others, in the Transport
of London policies and design guidelines as a useful tool to evaluate the road network



320 T. Zaffagnini et al.

system—especially the urban road network—and address the design phase with an
evidence-based approach focused on urban health promotion and social inclusion.
The Healthy Street framework can be represented by the Healthy Streets indicators,
ten evidence-based domains on what makes streets healthier and more inclusive.

Within this framework, which includes not only physical interventions but also
those onmobility behaviors and urban services, we can find several indicators that are
particularly interesting for this discussion. The first one is “clean air”, which collects
the measures related to the reduction of air pollution sources, especially from motor
vehicles. Then “shade and shelter”, grouping all actions for increasing shade and
shelter spots within the streetscape—particularly important if we consider the aging
population and climate change trends—and “places to stop and rest”, dealing with
opportunity to create inclusive streets with resting places for ill, injured, older or very
young people. The Healthy Streets indicators, and particularly the previous ones, can
be seen as potential benchmarks for urban smart services that promote activemobility
through healthy environments.

This review highlighted the significant contribution of electric micro-mobility,
especially e-biking, to the creation of smart healthy environments. A strategic contri-
bution, given that this transportation mode is more and more used due to its ability
to balance physical effort and environmental gains and has the greatest benefits
in the older segments of the population. In this sense, the creation of innovative
urban services in this field contributes not only to improve the attractiveness of this
transportation mode but also to upgrade the environmental factors that influence
public health. The above mentioned researches, crossing sustainable mobility, urban
design, and urban health—especially Urban Health Strategies and Healthy Streets
research—highlight how urban services are an essential element for the creation of
an inclusive, smart, and healthy city that uses technology to improve urban health
conditions across all ages.

4 E-mobility Infrastructure in Italy

The deployment of charging infrastructure and charging points is a crucial step for
the spreading of e-mobility. Despite the consistent growth between 2015 and 2020,
Italy still has a lower deployment than other EU Member States such as Germany,
France, and the Netherlands which together account for the large majority of all
charging points in Europe [36]. To exploit the benefits of this new transportation
mode, urban e-mobility hubs are indicated as core elements that combine multiple
charging solutions to support e-mobility while improving public space [37].

The most important players at the national scale—e.g. Enel X, Hera, IrenGo—
have deployed primarily networks for Battery Electric Vehicles (BEVs), with more
than one hundred thousand public and private charging points located mainly in
the major cities. Despite this, RePower, another national e-mobility player, made
a slightly different choice: while investing in corporate charging points for electric
cars, it developed a network of charging points for e-bikes in northern Italy. A choice
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in line with the current offer of charging points, which are placed for a large majority
in central and northern Italy. The charging network is composed mainly of urban
stations, usually integrated with the local BSS, and other corporate stations—e.g.
BikeEnergy and Alto Adige e-bike—placed in touristic areas to improve e-bike
tourism. Themarket and stakeholder findings highlight how in Italy, cities are already
structured to deploy e-bike charging infrastructure, with the opportunity to combine
urban services to multiple charging points creating brand-new smart service hubs in
cities.

The diffusion of charging points has also brought new design products acting
on urban services and urban design issues. Among these products, two of the most
relevant are Enel X Juicepole/Juicebox and RePower E-lounge, both awarded in
2020 with the Compasso d’Oro ADI, one of the most important awards in the field
of product design.

Enel X Juicepole/Juicebox, designed by Koz Susani Design studio, conceived
a discreet and simple object, with compact dimensions to reduce its visual impact
which recalls pedestrian poles. The user interface has been condensed on top with a
touchscreen hi-tech “head”, while the body hosts charging sockets and the cladding,
which can be replaced with different materials to better fit within the city landscape.
RePower E-lounge, designed by Antonio Lanzillo and partners, is a public bench
embedded with a wi-fi router and electric sockets for charging e-bikes, smartphones,
and other technological devices. Anchored to the ground with metal plates, the bench
is divided into two parts. The first one, in painted metal, contains the wiring and
electrical outlets, and the second one, in solid wood, is shaped like a bike rack. The
use of natural materials such as wood and metal recalls the concept of sustainable
mobility and invites people to use the object as a resting place while recharging their
bikes or electric devices.

These products represent two different ways to conceive e-mobility charging
points in the urban context. While Juicepole/Juicebox is dedicated to BEV charging,
E-lounge stands as one of the few solutions designed for e-bikes. Merging urban
furniture, electric recharge, and public connectivity, e-lounge combines different
mobility services with the social and visual needs of public space to offer a design
product that aims to increase urban space value.

5 Smart Hub Street Furniture

In Ferrara, Smart Hub is one of the main deliverables of AIR BREAK, together with
other key actions: the installation of new IoT air quality stations, a smart cycle path
connecting the city center with the outskirts, the planting of more than 2.000 trees
and shrubs in urban areas, the installation of innovative urban services dedicated to
e-mobility. All these solutions have been planned to reach the AIR BREAK project
goal, which is the reduction of air pollution by 25% in 3 years in poor environmental
quality areas. An ambitious challenge, which blends physical interventions in the
city with a set of co-design labs to involve city users and stakeholders.
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Fig. 3 Smart Hub tentative visualization in residential urban context

Regarding the design concept, Smart Hub proposes an innovative mobility
concept combining IoT-based urban services with a contemporary design, suitable
for different locations and seamlessly integrable into the urban space (Fig. 3). The
solution is composed of a steel frame canopy, self-standing and easy to build, with a
semi-transparent roof made of colored photovoltaic glass which shelters the e-bike
charging point and other IoT urban services. In order to be compatible with most
urban sites, the overall width of the shelter fits parallel parking lots and can also be
adjusted for wider public space facing a road. The charging station, connected to
the electric supply networks, can benefit from the solar panels on its roof. Along
with charging for batteries and theft-proof bike stands, Smart Hub provides seating,
a bike repair station, sensors, and cameras. Additional functions, such as inductive
cell phone charging spots and parcel locker, can be easily added with incremental
updates. Most of these features are IoT systems that share data related to the urban
environment and city users’ behaviors: smartphone, bike rack, locker, environmental
sensors, security cameras.All this technological equipmentwill enable public admin-
istrations and utilities to collect urban data bringing together information sets rarely
examined in combination, such as detailed travel patterns and the exposure to noise
and air pollution. Sustainability issues that can be traced, in the project’s intentions,
not only in the main challenges of Smart Hub—e.g. sustainable mobility and urban
health promotion—but also in construction materials: the steel structure is 100%
recyclable, and the design options include the use of recycled wood composite slats
and recycled plastic coverings.
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Moreover, Smart Hubs features sum up several benefits for elderly healthcare.
More than just bike shelters, Smart Hubs offer themselves as protected meeting
points making streets a more comfortable environment for the elderly where they
can take a break or socialize. The core services enable amore sustainableway tomove
within the city: e-bike stations providing not only health benefits but also contributing
to other active aging factors such as social life and mental health; cameras increase
public space security; environmental sensors monitor air pollutants and noise level.
The system follows inclusive design principles, with heights and overall dimensions
fitting wheelchair users and people with physical impairments and with material and
edges designed for a safe and smooth user experience for all ages. In this sense, the
installations carried out with the AIR BREAK project will allow to collect more data
to validate these benefits, improving the design choices and adapting them to context
needs.

Within this context, AIR BREAK planned the installation of Smart Hub in four
strategic areas of Ferrara to promote sustainable mobility and to connect points of
interest in the city (Fig. 4). The four areas are next to the rail station, the Technopole
of Ferrara, the Darsena area, and the “Corti di Medoro” area. All of them, selected on
their urban, environmental, and transport characteristics are located in the southwest
of the city and near to the city center. The first location, near to the rail station, was
selected because of its importance as a multimodal node for the area, for the potential
synergy with the planned requalification project of Velostation in place of an existing
bike rack area, and for the presence of both electrical and data connectionswhich ease
the installation process. The second location for Smart Hub is near to the Technopole
of Ferrara, an area not far from the center crossing several points of interest—among
these the Technopole and the Engineering University—and near to the smart bike
path planned within the AIR BREAK project. The third location is the Darsena area
(i.e. the docks) green area between Darsena street and Burana canal part of the main
renovation project of the MOF area; its closeness to the rail station, to the city center,
and the new smart cycle path make it a strategic location for the installation. The last
selected area is “Corti di Medoro”, a recently redeveloped housing complex at 10’
by bike from the city center near to commercial activities and a sports center and
with existing electrical and data connections.

The selection of Smart Hubs location highlights how urban networks—transport,
data, electricity—represents a significant trade-off for installing urban services. This
choice confirms the literature findings, which consider diversity and accessibility
as key issues for cycling. In addition to that, another issue is that all the new hubs
are close to urban regeneration areas, either already delivered—Corti di Medoro,
Technopole of Ferrara—or in progress—Darsena and rail station. Within the AIR
BREAK project, urban services are seen as enablers of healthy-based urban regener-
ation processes acting not through the redesign of the whole area but increasing the
number of services and points of interest within the urban fabric. Starting from the
traditional model of the bike-friendly city of Ferrara, which considers the historical
city as the more fitted area in which to deploy sustainable mobility solutions, AIR
BREAK aims to create new healthy urban environments through a series of material
and immaterial interventions around the city center. The expected result is to improve
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Fig. 4 The smart hub selected locations: 1. Rail station; 2. Ferrara Technopole; 3. Darsena; 4. Corti
di Medoro

the regeneration process already planned to provide more efficient networks, more
good data, more urban services. A new way to challenge communities and strategic
urban projects for the improvement of urban health criteria for all ages.

6 Conclusions

The early outcomes of the project activities, which officially started in October 2020
with a public kick-off meeting [38], mainly concerned the inspection of selected
areas to highlight critical installation issues and the first meetings of the co-design
lab.
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The first point confirms the relevance of urban regeneration interventions and the
availability of cycling, electricity, and data infrastructures to better exploit the inno-
vative potential of smart urban services based on IoT technologies. The site choice is
consistent with the project goals and fosters an urban regeneration process that acts
not only through building refurbishment but also through new distribution, density,
and quality of urban services. A model that, as highlighted in the literature review,
acts on urban health factors—especially the ones related to e-mobility issues—that
produce the greatest health and environmental benefits for the elderly. The Smart
Hub installations, scheduled for July 2022, will allow usability tests, survey the
actual number of participants and structure them by age.

In the meantime, the co-design meetings started with the preliminary presentation
of the smart hubs and the first focus group with stakeholders and experts. The first
outcomes show considerable interest in relevant issues for elderly healthcare. In
particular, the inclusion of sheltered spots and rest areas, which is one of the factors
that influences positively Public Health strategies and the Healthy Streets approach,
has been one of the most discussed issues in these meetings.

In conclusion, preliminary results seem to confirm the key role of point of inter-
ests—e.g. innovative street furniture—and regeneration processes to develop urban
proximity and healthy-based urban environments. The first outcomes and feedbacks
lead to services and features that would interest especially the elderly, as described
before. The development of the project activities, with the main reports and deliv-
erables published online,1 will evaluate the impacts of the planned actions both on
urban health factors and urban quality, assessing the different benefits of innovative
street furniture for the city and its users.
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Understanding the Acceptance of IoT
and Social Assistive Robotics
for the Healthcare Sector: A Review
of the Current User-Centred
Applications for the Older Users

Elvira Maranesi, Giulio Amabili, Giacomo Cucchieri, Silvia Bolognini,
Arianna Margaritini, and Roberta Bevilacqua

Abstract The population of elderly people has increased rapidly over the last
decades in Europe, and today, Italy is the oldest European country. In this context,
robotics and other emerging technologies are increasingly proposed as potential solu-
tions to improve the autonomy and quality of life of the elderly. This chapter aims at
investigating the acceptance of the most recent technological solutions, in the field of
IoT and assistive and social robotic services for elderly people, taking into account
the availability of results from both the design phase and clinical studies, to ensure
and verify the usability and acceptability of the solutions. This review shows that
there are several robots that have been developed to not only provide companionship
to older adults, but also to cooperate with them during health and lifestyle activities,
such as facilitating reminiscence through cognitive stimulation, remembering tasks
to be done, monitoring vital signs and whether they fall down, while at the same time
entertaining them. Despite the undeniable usefulness of SARs, developers are often
forced to prioritize the improvement of specific technical features due to the unavail-
ability of resources and the different degrees of flexibility and acceptability imposed
by unstructured settings, as private homes. The analysed studies sought to explore
the usability and acceptability of the latest technological solutions in the field of
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IoT and social assistive robotics for older people, taking into account the availability
of results from both the design stages and clinical trials, ensuring a patient-centred
approach to older people. Understanding how to integrate IoT and smart solutions
into the care pathway as well as in the daily life of the end-users is another crucial
aspect for research in the field, which will be addressed within this chapter.

Keywords Internet of Things · Human-centred design · Elderly · Social assistive
robots · Acceptance

1 Introduction

According to World Population Prospects 2019 (United Nations, 2019), by 2050,
1 in 6 people in the world will be over 65 years old [1], and globally, the number
of people aged 80 or over is expected to triple [2], as better living conditions and
lower mortality rates have led to an exponential increase in life expectancy. At the
same time, viewing ageing as an inexorable physical and cognitive decline has been
questioned: considering advancing age associated with a generalized loss of skills
is too simplistic [3]. Population ageing is a complex phenomenon that affects all
aspects of society, and its consequences will be felt on the social, economic, and
health environment [4]. In particular, the most problematic expression of the popu-
lation ageing is the clinical condition of frailty understood as a geriatric condition
characterized by a decline in physiological functions associated with age, which
leads to a greater vulnerability for negative health outcomes, [5] given above all
by the dementia pictures that affect the elderly. The most frequent are Alzheimer’s
Disease (AD), dementia with Lewy bodies and fronto-temporal dementia. As far
as functional capacity is concerned, accidents and fractures in old age as a result
of a fall are also relatively frequent: each year 28–35% of the elderly over 65 and
32–42% over 70 report at least one episode of a fall. Falls lead to a series of negative
events: the elderly loses their autonomy, are forced to depend on their caregiver,
become immobile, and may develop a depressive framework. Sometimes, hospital-
ization may be necessary and may produce comorbidities that could lead to death
[3]. Finally, the social condition of loneliness and isolation in which the elderly often
find themselves should be emphasized [6]. These conditions are associated with an
approximately 50% increased risk of dementia and other serious medical conditions,
an increased risk of premature death from all causes, a risk that may rival that of
smoking, obesity, and physical inactivity, and a 29% increased risk of heart disease
and a 32% increased risk of stroke [7]. Physical and sensory changes and chronic
diseases lead to a reduction in the reserves available to the individual, which makes
him more vulnerable to the environment and less able to manage certain daily tasks
[3]. For all these reasons, much has been invested in the last decade in the search for
technological solutions that could help the elderly to prevent the above. In particular,
there has been a focus on the development of Social Assistive Robots (SARs). A
social robot is defined as an embodied artificial agent with the characteristics of a
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human or an animal. It has been identified as an approach to meet the mental health
needs of older adults through interaction or information exchange [8].

SARs could help people with health conditions maintain positive social life by
supporting them in social interactions, providing the help (be it health care, compan-
ionship, coaching with respect to physical activity or other) that older people need
and to do so by engaging humans socially. In healthcare, SARs are envisioned to play
roles such as taking medical interviews, monitoring and keeping a record of symp-
toms, helping with pill sorting and medication schedules, guiding people through
therapeutic tasks, providing companionship, acting as stress reducers and mood
enhancers, and supporting social interactions between humans [9–12]. In addition,
several studies [13–15] show that social robots seem to have a positive impact on
agitation, anxiety, and quality of life in the elderly, although no statistical signifi-
cance has been found. In addition to this, the use of SARs could also be useful for
caregivers: working in care settings with a high prevalence of chronicity, terminality,
can be emotionally exhausting, requiring good resilience and the implementation
of appropriate forms of emotional self-protection. Social robots could alleviate this
burden, by making the interaction between caregiver and the elderly more positive
[9].

However, results from narrative reviews [16, 17] indicated that interactions with
social robots could improve engagement, interaction, and stress indicators, as well
as reduce loneliness and medication use for older people.

In this context, where robotics and other emerging technologies are increasingly
proposed as potential solutions to improve the autonomy and quality of life of elderly
people, it is evident the lack of an in-depth study on the acceptance of these devices
by elderly people, which should instead be the core around which these robots are
designed. Indeed, within the major risks of low technology uptake and low accept-
ability by elderly end-users, the focus on the disease characteristics rather than patient
profile remains the most relevant barrier to the widespread adoption of Internet of
Things (IoT) and smart technologies, such as SAR (s). Moreover, there are a variety
of interconnected factors that influence the acceptance and quality of experience,
from initial emotions and attitudes to people’s perception of a technology. Under-
standing why older adults accept or reject a certain technology, such as assistive
robots, is important both to improve their design, with a systematic and human-
centred approach from this stage, and to develop strategies to maximize their adop-
tion.Considering the effects of normal ageing (i.e. visual, tactile and auditory decline)
in the design should facilitate older adults’ ability to interact with this technology,
highlighting its potential to improve their physical health and well-being, social
connectedness and ability to live independently at home.

The aims of this narrative review are:

• to investigate the acceptance of the latest technological solutions, in the field of
Internet of Things (IoT) and social assistive robotics for older people, taking into
account the availability of results from both the design phases and clinical studies,
to ensure and verify the usability and acceptability of the solutions;



334 E. Maranesi et al.

• to understand how to integrate IoT and smart solutions in the care pathway and
daily life of the end-users.

2 Materials and Methods

This study takes the form of a narrative review. The literature review was conducted
inMarch 2021.Datawere collected fromPubMed, Scopus, and Elsevier databases by
analysingmanuscripts and articles from the last 10 years (fromMarch 2011 toMarch
2021) in order to obtain the latest evidence from thefield.Basedon a consultationwith
the multidisciplinary team, papers addressing the acceptance of robotic devices were
searched using the following search terms, and their combinations: social robotics
AND old*, social robotics AND old* AND user acceptance, e-health AND old*,
robot* AND old*. After the preliminary search, 283 articles were identified from
PubMed, 0 from Scopus and 134 from Elsevier. The findings were analysed and
screened by three experts in the team: a bioengineer, a clinical psychologist, and an
electronic engineer. The first screeningwas based on analysis of the title and abstract,
as well as deduplication of the findings. Another researcher confirmed the accuracy
of the article selection and checked for possible omissions. After the first step, 28
articles were identified from PubMed, 0 from Scopus and 5 from Elsevier. After the
screening based on the full text articles, the studies were selected as follows: 9 from
PubMed, 0 from Scopus, and 1 Elsevier database.

3 Results

A total of 10 papers were included [18–27]. Table 1 shows the characteristics of the
studies.

All studies focused on elderly persons with a mean age of 75.5 (±5.6) years.
The number of participants involved in all studies was 349, ranging from 6 to 103.
From the information obtained from some articles [19–21, 24–26], there were 105
males and 194 females. The participants considered are divided into three main
categories: healthy elderly, elderly with dementia, and elderly with mild or moderate
cognitive impairment. The testing period of the social robots ranged from 10 days
to 32 weeks. The user acceptability of robots was tested both in the laboratory [18]
and at home [19–27] of the subjects recruited for the studies. Figure 1 shows the
different technologies used in the selected studies.

The study conducted by Wu et al. [18] in France, involved 11 volunteers aged
76–85 years. Almost all of them were university graduates; 6 had a diagnosis of mild
cognitive impairment (MCI), and 5 were cognitively intact healthy persons (CIH).
The Mann–Whitney U-test showed that the two groups only differed significantly in
their experience with the computer. The robot used is called Kompai (Fig. 1 panel
I) and can recognize speech, respond, and navigate environments. Participants were
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Fig. 1 Technologies involved in the studies analysed

invited to the laboratory once a week for four weeks. They interacted with the robot
for about 1 h via voice or touch screen and performed 10 tasks to simulate its use
in everyday life. To assess their acceptance, a questionnaire based on the Unified
Theory of Acceptance and Use of Technology (UTAUT) model was developed, and
time, the number of errors, and help required to perform the tasks were recorded.
At the first session, participants expressed a low to moderate acceptance of Kompai.
Low scores were given on four dimensions: intention to use, perceived usefulness,
attitudes towards the robot, and images of an assistive robot. In contrast, ease of use,
social influence, perceived enjoyment, and anxiety received relatively high scores.
When comparing the first and fourth sessions, no significant differences emerged in
the assessment of robot acceptance between the MCI and CIH groups.

Specifically, for acceptance, three themes emerged to capture users’ attitudes and
willingness to accept an assistive robot. For the interaction experience, all samples
stated that Kompai had interesting features, while 7 out of 11 found its appearance
pleasant. However, the weakest aspect of the robot was the voice control, due to
technical failures of the system. It did not work well, and using it was frustrating,
so much so that 3 users preferred to interact via the touch screen. Three MCIs also
experienced cognitive difficulties, which were reflected in their inability to learn how
to use the robot. Then, all unanimously reported that they were still independent and
had no intention of using an assistive robot right away. With regard to future use, 7
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out of 11 users were not enthusiastic. Furthermore, some barriers to acceptance were
identified. For all of them, the use of an assistive robot was associated with negative
aspects or with ageing, imagining this phase with fear. In addition, many users (n
= 8) said they belonged to a generation not used to, or even averse to, technology.
Finally, three participants raised ethical and social issues in relation to the use of
robots, because they would feel observed or their privacy violated.

AnAmerican study conducted in 2014 byMcGlynn et al. [19] aimed to investigate
the perceived acceptance and usefulness of the Paro robot (Fig. 1 panel E) by healthy
older people. It also investigated whether framing the social robot in three different
ways, i.e. as a pet, a robot, or a toy, could influence these perceptions. Participants
were 30 healthy older adults, 15 women and 15 men, aged between 67 and 80 years.
Paro is a baby seal and specifically developed for therapeutic purposes, so its function
is only to arouse positive emotions such as happiness and relaxation. Paro is covered
in soft fur and has tactile, light, sound, and posture sensors, as well as being able
to move its neck, fins, and eyelids. A special script was used to present the robot
in each of the three framing conditions. Pre- and post-interaction attitudes towards
Paro were assessed by adapting the Perceived Ease of Use and Perceived Usefulness
scales from the Technology Acceptance Model (TAM) so that they were relevant
to the study. Participants were asked eight questions before the interaction with
the robot and eight questions afterwards. Analyses were conducted on the entire
sample and focused on perceptions of usefulness after Paro had been switched on
and participants had interacted with it. The mean perceived usefulness score was not
significantly different from the neutral score, suggesting that participants found Paro
neither likely nor unlikely to be useful to them. The perceived ease of use scores, both
pre- and post-interaction, were significantly high, suggesting that participants found
it quite likely that Paro would be easy to use both before and after interacting with it.
Ultimately, the main finding of this study is that healthy older adults perceived the
possible uses and benefits of Paro. The results showed that there wereminimal effects
from the different framing of the robot. Quantitative scores of perceived usefulness
showed that healthy adults found it neither likely nor unlikely that Paro would be
useful in their daily lives. Another trendwas that the robot’s usefulness was perceived
to be contingent on whether a person was in a certain mood (e.g. “feeling down”) or
living situation (e.g. “care home” or “alone”).

In 2014, de Graaf et al. [20] decided to study the long-term acceptance of social
robots by older adults. For the research, six participants aged 50–76 years, healthy
and without pre-existing conditions placing restrictions on exercise, were recruited.
Two participants were retired, three were employed and one was visually impaired.
The social robot used was Nabaztag (Fig. 1 panel B), a 30 cm tall bunny rabbit
equipped with flashing LEDs, a motion sensor and a webcam to record interactions.
Nabaztag was installed in homes for three phases of use, each lasting ten days.
Participants were told that the aim of the study was to improve their health. After
each phase, their experiences were evaluated by means of semi-structured interviews
transcribed verbatim. Concerning utilitarian factors, most participants clarified that
a specific purpose of use is essential for the success of robots. At the beginning, the
participants were oriented towards understanding the usefulness of the robot and its
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functions, but did not perceive it as useful. So, they were more interested in ease of
use and perceived intelligence. However, in the last phase, most revealed that they
found it useful for keeping healthy, somewhat intelligent, and that it was important to
be able to adapt it to their personal needs. On the enjoyment side, not all participants
experienced fun and those who did enjoyed it least made it to the third stage. Also, on
the appearance of the robot, some thought it was cute, while for others, this did not
matter compared to the functionality. After the third phase, almost everyone started
to be more positive about its social skills. The topic of conversation also became
more important, so that some wanted a wider range of topics because they all saw
the potential for companionship. Regarding the context of use, all participants at the
end of the third phase talked more about the opinions their family and friends had
about the robot, but these did not influence their attitude towards the use of Nabaztag.
About privacy issues, one user indicated that having it in the house influenced the
sense of invasion of privacy, two were concerned about the privacy of visitors or
uncomfortable even walking past the robot, while two others were not concerned at
all. Nabaztag’s reliability was also a crucial issue for most participants: when the
robot provided incorrect information, participants felt mistrust and wondered if they
were using it correctly. Concerning individual characteristics, half of the participants
mentioned age as an influential factor for using a robotic device. In addition, most
stated that they still had some general interest in technology, which made them more
receptive to the robot in the beginning. To analyse long-term acceptance, the theory of
domestication [28] was used. It describes the process of adopting a new technology
into everyday life and consists of three phases: appropriation, incorporation, and
conversion. In the first phase, participants tried to get to know the robot and its
functions, becoming familiar with its behaviour. Then, the novelty of Nabaztag wore
off and they became accustomed to having it in their homes and integrating it into
their daily lives. Finally, only two participants said they liked the robot and wanted
to use it in the future, while half said it did not meet their needs unless there were
technical improvements. Only one participant said they would not want it in their
home because they had higher expectations.

Korchut et al. [21] recruited a user group consisting of people aged 55 to 90 years
with MCI or diagnosed with Alzheimer’s disease (AD) and administered a survey
to them. This included questions on four sections (functional requirements; human–
robot interaction, design of robotic assistants, and social acceptance aspects). Based
on the answers given to the questions, the authors extracted the main requirements
and needs regarding robotic assistants. Then, a certain priority level was assigned to
these requirements (high,medium, and lowpriority level). The results show thatmore
than 80% of the interviewees believe that a robot can be useful to support the daily
life of the elderly people, and also caregivers were willing to accept to be partially
replaced by a robotic assistant. Moreover, to increase acceptability, most respondents
said it was essential that the robot could call for help if something happened to the
user. Regarding the functional requirements, those with a high priority are associated
with the potential safety of the user, those with a medium priority are those referring
to basic daily activities, such as preparing food, dressing, finding what is needed. A
low priority level was assigned to requirements related to entertainment, relaxation,



Understanding the Acceptance of IoT … 343

and shopping. It is important that most of the daily activities are carried out by
the elderly person, who in this way can remain active, in order to train cognitive
functions and delay the worsening of dementia as much as possible. In this case, the
robot should encourage the user to perform certain activities and remain active. In
order to increase the level of interaction between man and robot, the robot should
be able to answer questions, participate in dialogue with the user, understand their
emotional and psychological state: For these reasons, communication based on voice
commands was chosen as a priority. Regarding the robot’s appearance, most of the
respondents would like a robotic assistant to have an anthropomorphic appearance
and be shorter than the user. Interestingly, when potential users were asked if they
could imagine using a robot in their daily life, young adults gave more positive
answers than adults over 65, while when asked if they would accept a robot that
would help them maintain their independence, acceptance was higher among the
elderly. Finally, it was noted that there are some differences in the willingness to
accept a robotic assistant: for some, maintaining independence is crucial, so they
would be willing to accept a robot that can help them in this, while others feel that
the burden of caring for them lies with family members or the state, thus they do not
accept the introduction of a robot into their daily life. It can be said that investigating
and categorizing the factors that lead to the acceptance of a new technology is of
primary importance, as these change depending on the type of user considered, their
perception of old age and cognitive impairment, the idea users have of the robot, how
it works and what it can and cannot do.

Beuscher et al. [22] evaluated older adults’ acceptance of the commercialized
NAO robot (Fig. 1 panel A). For this purpose, the new Robot Acceptance Survey
(RAS) was proposed. The RAS consisted of a modified version of the UTAUT ques-
tionnaire, so that each item was mapped to one of following three constructs: perfor-
mance expectancy, effort expectancy, and attitude. In this study 19 individuals over
66 years of age were recruited, most of whom were found to be highly educated. Six
of them were diagnosed with mild cognitive impairment or dementia. However, all
participants were able to interact with the robot for dialoguing or doing chair exer-
cises. Eleven participants engaged with NAO for 45–60 min individually, whereas
the remaining eight participated in a dual interaction (two older adults and the robot)
for 30 min. In both experimental procedures, the elderly completed some cognitive,
social, and physical tasks such as observing the robot dancing, doing chair exercises
and answering math questions. The RAS was conducted in pre- post-experimental
phases, and there was no statistical difference in the results depending on time of
the interview. Participants appreciated several robot’s features such as the voice,
comprehensive speech, and general appearance. Thus, NAO was well accepted, and
they enjoyed interacting with it, even though they either did not like or were neutral
towards NAO’s human-like attributes at first. Moreover, most of the activities were
highly rated by the participants, especially those involving exercises.

Ray et al. [23] created a well-being monitoring system based on digital photo
frame (Fig. 1 panel F) using an iterative approach during the design and develop-
ment stage. This choice was due to ensure the usability of the final product for the
elderly, in order to avoid early abandonment. The device should allow elderly people
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and their caregivers to share pictures or information about their status in a two-
way communication. The proposed methodology for the design and implementation
stages included three phases. In the first phase, a prototype was shown to four formal
caregivers who gave some suggestions to optimize the device, based on their experi-
ence in elderly care services. Once the suggestions were implemented, in the second
phase, eight elderly people were asked to use the prototype for 3 weeks. At the end of
this period, they were interviewed to define their perspective in terms of attitude, ease
of use, ease of learning and perception of usefulness. In the last phase, 50 older people
were recruited to evaluate their acceptance of the system while sharing photographs
and videoconferencing. Acceptancewasmeasured by seven parameters: anxiety, atti-
tude, facilitating condition, intention to use the system, self-efficacy, social influence,
and usefulness. The results showed that most of the end-users had a positive attitude
towards this technology and found it quite easy to use. Moreover, the possibility
to get in contact with their relatives and their enthusiasm seemed to influence and
motivate them positively in using the system. So, involving all users in every stage
of design and development of a technological product could have a considerable
positive impact on its acceptance and use.

Another study, conducted in Italy byCavallo et al. [24], involved 45 elderly people
aged 65–86, who had a normal mental assessment and the necessary autonomy to
performdaily activities. TheRobot-Era (GA288899) system implemented six robotic
services in three different environments: home, condominium, and outdoor. The
robots were DORO, CORO, and ORO, respectively (Fig. 1 panel G). As evaluation
tools, both for the acceptability of the robots and for the usability of the services,
specific questionnaires based on a 5-point Likert scale were developed. At the end
of each service tested, the System Usability Scale (SUS) was administered to the
volunteers. Looking at the results, older adults expressed a more positive opinion on
COROandORO,whichgenerally donot operate in the homeenvironment.Userswith
more technological experience also gave better ratings to these two robots, because
they are aware that they can connect the outside world with their own home. In
addition,OROreceived a higher rating frommen, because this outdoor robotwas seen
asmoremasculine in appearance. Almost all volunteers were positively impressed by
the robots’ facial features, saying that the presence of a head encourages interaction.
They also said that the colours and size were appropriate for their purposes. All
volunteers reported that they would use a robot if they lost their independence to
perform daily activities. In addition, many would prefer to be assisted by a robot
to avoid burdening relatives, or having to perform tedious household tasks, and
that they would feel safer in the home with their presence. During the trial, the
Robot-Era system did not evoke anxious or negative emotional reactions. Many
admitted that they were initially worried about appearing inadequate if they were
unable to complete the tests, but then felt relaxed and comfortable thanks to the
explanations provided by the researchers. Moreover, the system was not too privacy-
intrusive according to the users, as they were free to choose whether to use the
proposed services. Participants suggested increasing the robots’ vocabulary so that
they could speak naturally without having to remember keywords. In addition, older
adults suggested that robots should give more feedback on their status, such as a
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description of what they are doing, and tell the user if a command was understood.
Finally, acceptance decreases with increasing age: Older individuals think that new
technologies are too complicated, whereas younger older people are more likely to
use them. However, if the technology meets their own needs, the effect of age on
acceptance becomes less important.

Boumans et al. [25] conducted a study starting from the evidence that collecting
PROM data, essential information on the person’s health status, is a heavy and
demanding task for healthcare professionals (HCP). For this reason, the idea was to
support these operators by using the commercialized Pepper robot (Fig. 1 panel D),
testing whether or not the time taken by the robot to conduct the interviews to obtain
these data differs from that taken by HCP and whether or not the target user could
accept this technology. To test these hypotheses, 42 participants aged over 70 years,
who were leading independent lives without cognitive disabilities, were recruited.
The experiment consisted of two sessions, and participants were divided into two
groups: in the first session, one group answered three questionnaires administered by
the nurse (NP), and the other group answered the same three questionnaires admin-
istered by the robot (RP); in the second session, the two groups were reversed. The
primary outcomemeasurewas the time required to complete the questionnaires in RP
andNP interactions. The secondary outcomemeasures were the similarity of the data
collected and the percentage of NP interactions completed alone, without HCP inter-
vention. Participants were asked to score the acceptability of the robot using Almere
questionnaires, which assessed: attitude towards the robot, facilitating conditions,
anxiety, perceived sociability, social influence, perceived ease of use, social pres-
ence, perceived enjoyment, trust, and perceived usefulness. The results showed that
the average interview duration of the NP group was not significantly shorter than that
of the RP group, while the completion rate was 92.8% in the RP group and 100%
in the NP group. Regarding acceptability, participants reported generally positive
feelings towards the robot, also finding it easy to use. The results therefore suggest
that social robots could actually interview seniors in an autonomous and acceptable
way and collect reliable and valid PROM data, constituting a valuable aid for HCP.
Furthermore, these resultsmay be generalizable to elderly patients or patients visiting
general practice, while this generalization is not valid for hospitalized patients with
more severe functional and cognitive limitations.

Social robots have been shown to be effective in reducing loneliness and agitation
in older people with dementia. However, the acceptance of this technology among
this population is not particularly high. In this regard, Chen et al. [26] wondered
whether direct exposure to a social robot could lead to positive changes in attitudes
and acceptance of technology. For this purpose, 103 residents of long-term care
facilities between 67 and 108 years, diagnosed with dementia, were recruited. The
robot chosen for this study was Kabochan (Fig. 1 panel H), a robot resembling a
3-year-old child. The participants were divided into two groups, the experimental
and the control group. The whole study lasted 32 weeks, divided into four phases:
In the first and third phases, the experimental group received routine care, while
in the first two weeks of the second phase, they were instructed in the functions
and characteristics of Kabochan. During the remaining 6 weeks of the second phase
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and 8 weeks of the fourth phase, Kabochan was introduced to the subjects individ-
ually and everyone was free to interact with him without the involvement of staff
or researchers. Participants assigned to the control group received standard care. To
investigate the acceptance of the robot, the Senior Technology Acceptance Model
(STAM)was used,which included a questionnairewithwhich sixmain domainswere
measured: attitudes towards technology, perceived usefulness, perceived ease of use,
technology self-efficacy, technology anxiety, and facilitating conditions. Subject’s
involvement was measured by direct observation. The results showed a positive
change in perceived ease of use. This indicates that involvement with the robot does
indeed have the potential to improve the perceived ease of use of the technology,
probably also depending on the type of robot used: Kabochan is a robot capable
of stimulating an emotionally meaningful relationship with the person, as it does
not require great cognitive skills and technological expertise. On the other hand, no
significant changes in attitudes towards technology, perceived usefulness, facilitating
conditions, technological anxiety, and self-efficacy were observed after exposure to
Kabochan compared to the control group. The change in attitude towards technology
probably occurs cognitive, and emotional dissonance can be produced with respect
to previous attitudes and beliefs. In this case, as the study was conducted, this change
did not occur.

Domestication theory states that users adopt technology through three sepa-
rate dimensions: practical, symbolic, and cognitive domestication. Søraa et al. [27]
observed and analysed the domestication of a social robot in private homes, i.e.
how technology is acquired and integrated into the domestic sphere. In addition, this
study considers a fourth dimension: social domestication. Eight elderly Norwegians
(aged 66–89 years) with mild to moderate cognitive impairment were interviewed
during their involvement in the eWare project (AAL-2016-s071). From a techno-
logical point of view, the eWare ecosystem consists of three interoperable devices:
Tessa, a flowerpot-like non-mobile robot (Fig. 1 panel C), SensaraCare, a lifestyle
monitoring technology, and eWare cloud computing system which elaborates data
from the above sources. Formal and informal caregivers have access to the system
through a tablet provided with the eWare mobile application. They can set goals
for their elderly relatives and receive feedback. The Tessa robot acts as an advisor
and reminder system for these goals and congratulates the elderly person when they
accomplish an activity. The system is able to learn the user’s behavioural patterns
about bedtime, meals, and other daily activities, so that it can also notice unusual
patterns and notify the caregiver, if necessary. Once the experimentation in a real-
world settingwas completed, userswere interviewedwith qualitative and quantitative
questionnaires to obtain the following information: sociodemographic information,
measurement of functional status, measurement of quality of life, attitude towards
technology, and acceptance of the system (based on UTAUT scale). On the user
experience side, the system was perceived as non-intrusive by the users. The main
criticism on the functional aspect was audio: due to hearing impairment of some users
or poor audio settings of Tessa, voice communicationwas sometimes poor. Regarding
symbolic domestication, i.e. how the robot is perceived by the user, the robot was
gradually considered as part of the house by the participants. In some cases, they
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even called it sweet nicknames, demonstrating a kind of relationship between them
and Tessa. On the informal caregivers’ side, SensaraCare and the eWare systemwere
found useful, but it was noticed that only a technical error significantly decreased
their trust. As regards cognitive dimension, this study had to consider that partic-
ipants were affected by cognitive impairment and that the aim of the project was
to mitigate the decline. This impairment had a clearly impact on learning to use:
some users unplugged the robot, turning off the whole eWare system. Finally, it was
noticed that the system had an impact on the social life of some users and caregivers.
Indeed, a social interaction was established between older adults and caregivers
through the system. This interaction has a mitigating effect on the user’s loneliness
and a positive effect on the quality of life of informal caregivers. On this basis, the
concept of social dimension was introduced.When this interaction is established, the
relational together-work becomes more important than the use of technology itself.
Even though each user may approach and perceive the robot differently (practical,
symbolic, and cognitive dimensions), the social dimension is crucial for successful
technological domestication.

4 Discussion

Nowadays, there are several robots that have been developed to not only provide
companionship to older adults, [29] but also to cooperate with them during health and
lifestyle activities, such as facilitating reminiscence through cognitive stimulation
[30], remembering tasks to do, monitoring vital signs and whether they fall down,
while at the same time entertaining them [29–31].

Mataric et al. provided a detailed taxonomy for defining Social Assistive Robotics
(SAR) and future challenges to provide care for the elderly [32]. From their definition,
two main features of SARs can be evinced: the ability to assist the users through
cooperation in daily activities and social interaction.

Despite the undeniable usefulness of SARs, developers are often forced to
prioritise the improvement of specific technical features due to the unavailability
of resources and the different degrees of flexibility and acceptability imposed by
unstructured settings, as the private homes [33].

The above studies sought to explore the usability and acceptability of the latest
technological solutions in the field of IoT and social assistive robotics for older
people, taking into consideration the availability of results from both design stages
and clinical trials, ensuring a patient-centred approach to older people.

In six studies, a fairly large number of older adults were interviewed [19, 21,
23–27], whereas in four [18, 20, 22, 27] the number of older adults who participated
was small. Three studies [21, 26, 27] focused on older adults with moderate or mild
cognitive impairment or dementia, while five studies [19, 20, 23–25] interviewed
only healthy people. Two studies [18, 22] interviewed both categories.

As it is possible to notice, the ten studies differ from each other in several aspects.
That means that there is no common and established procedure for designing social
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robots. However, it is possible to classify the reported studies in order to determine
which are the key indicators to pursue the acceptability of the technology among
elderly users.

Firstly, it can be noted that the human-like appearance of the robot seems to be
a feature that influences acceptance [22, 24]. Although older adults sometimes do
not consider entertainment or dialogue as primary functions [21], once they engage
a robot, they suggest improvements in this field, due to the importance they give
to companionship function [20–23]. In addition, errors during human–robot inter-
action (HRI) can frustrate and discourage users, significantly lowering acceptance
and usability [18]. Thus, high-level voice interaction should be considered as a key
element for a positive engagement between the older adult and technology.

Another factor that strongly supports acceptability, preventing early abandonment,
is social domestication. Indeed, older adults find the robot more useful when rela-
tives or caregivers are enthusiastic towards technology [21, 23, 27]. For this reason,
it can be hypothesized that they are more incline to accept technology when there
is an improvement in the quality of life of caregivers. Moreover, when a relation-
ship between elderly and caregivers is established through the device, motivation
increases, and in turn the efficiency of the whole system [27].

The most surprising result of our research is the low involvement of end-users in
the design stage of a SAR.

Among the studies analysed, six were based on the use of commercialized tech-
nology [18, 19, 22, 25, 26], whereas three studies [23, 24, 27] tried to propose
innovative prototypes. In one case [21] acceptability was determined only by means
of questionnaires, without any simulation or experimentation.

During the aforementioned six studies, researchers analysed the acceptability of
commercialized robots, trying to establish their suitability for certain care activities
towards elderly people. In most cases, a commercialized robot does not consider a
specific target population or a specific activity bydesign.Although somecommercial-
ized robots have commonly accepted features and can be programmed and adapted to
any situation, this lack of focus may represent a barrier in achieving acceptability. In
our review, only one study [23] reported that older adults and caregivers were inter-
viewed from design stages, in order to personalize the device for the specific purpose,
in contrast to recommendations from guidelines such as the Ambient Assisted Living
Joint Programme, which consider mandatory the involvement of different end-users
in all the design and development phases. This approach should be taken into account
to maximize acceptability from a patient-centred perspective.

On the contrary, prototypes designed for a specific purpose show very good results
in terms of acceptability and usability, as highlighted by the results of this paper.
Indeed, in all three studies, the perspective of all the end-users was gathered from
design stages to the final testing [34–38].

On the care side, designing new psychosocial interventions to support behavioural
and psychological symptoms of dementia, promoting advance care planning,
improving nutrition and quality of life, supporting the maintenance of physical and
social functions, designing lifestyle interventions, and supporting frailty [39] are just
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some of the problems to be solved through SARs and IoT, that require a long-term
interaction between technology and end-users.

5 Conclusions

This chapter has brought to light several outcomes and a number of interesting
implications, which are important for the acceptance of social robots in different
settings by older adults.

In particular, utilitarian factors, which are usefulness, ease of use, adaptability and
intelligence, should be considered as key characteristics to ensure long-term inter-
action with technologies and continued use, in addition to coherence and simplicity
of information provided to end-users.

Understanding how to integrate IoT and smart solutions in the care pathway and
daily life of the end-users is still a challenge, especially for healthcare managers but
also industries. Since the greatest benefit of SARs is that the elderly people are given
the opportunity of remaining at home, it is fundamental to understand how to model
the relationship between user and robot, to foster interaction in the closest “familiar”
context.

Overall, IoT systems offer a potential solution to reduce costs, minimize the
burden on caregivers and broaden the range of customers who can benefit from them
[40, 41].

It is desirable that the number of studies grows in the future, in terms of number of
participants and duration of the trial, but, more important, by involving a wider group
of older people and caregivers by design. This will allow them to express their needs
and ideas on aspects such as the role of the psychosocial characteristics of IoT and
SARs, such as social presence and the level of usability. Finally, future studies in the
field can benefit from the introduction of a new framework to properly understand
the role of technology acceptance.
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Abstract The older population is projected to quadruple between the years 2000
and 2050. Many of the elderly experience mobility impairments of varying degrees.
These are caused by a physiological muscular decay or associated health conditions,
such as stroke,which shows an increasing rate of incidencewith the age of the subject.
The introduction of exoskeletons in elderly healthcare scenarios, derived from the
rehabilitation one, is becoming a promising approach. The opportunities and advan-
tages of these systems in healthcare are of great interest. Most widely used systems
are stationary, improving the outcomes of traditional approaches of rehabilitation.
Fewer fully wearable systems are being used due to their cost, complexity, weight
and performance. However, big steps have been done in the last years to improve
them. The potential use of wearable untethered systems or exosuits in home environ-
ments opens new possibilities, especially in daily healthcare, promotingmobility and
an active life. To promote exoskeleton’s use, usability and acceptability are central
factors in elderly healthcare scenario. This includes not only technical characteristics
of the device (such as weight or level of assistance), but also aesthetics and compat-
ibility with everyday activities. Considerable developments have been achieved in
the area of user experience, mostly thanks to the use of industrial design and Human-
Centered Design—HCD principles. These approaches put great emphasis in keeping
the users in the design loop, ensuring that technical developments are focused on their
real needs. Additionally, an effective use of the exoskeletons in unstructured environ-
ments requires to process information on the context and the activity being performed,
enabling assistance in Activities of Daily Living—ADL. This can be done relying
on the growing trend of wearable sensors and Internet of Things—IoT, exploiting
the paradigm of ubiquitous computing, cloud storage, and intuitive human-machine
interaction.
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1 Introduction

There is a steady increase of ageing population in all the countries worldwide: from
1980s to 2017 the population over-60 doubled to 962 million [1] and it is expected to
see it almost doubled again by 2030, outnumbering children under the age of 10. The
trend is growingmuch steeper in the developed countries, but 8 out of 10 of the oldest
peoplewill live in the developing countries. To face the challenges posed by a growing
number of elderly, in the fields of public health, assistance and quality of life, the
UnitedNations (UN) sets shared policies regarding housing, healthcare, employment
and social protection [1]. In this frame, mobility is of paramount importance to
guarantee a high quality of life, social inclusion and independence of the ageing
population.Mobility is a key component of health across the lifespan and is necessary
for older adults to maintain autonomy [2]. Proper solution to the mobility problem
should take into consideration the needs of their users and the context of use. Indeed,
more than 64%of all walking aid are used by over-65 [3].Walking sticks, wheelchairs
orwalking frames offer reasonable assistancewhilewalking, howevermost of elderly
require assistance from a person even with walking aids. Indeed, unstable walking,
muscle weakness and cognitive issues block elderly to maintain their independence
[4].

Lately, wearable assisting technologies have risen as a promising solution to
address the mobility problem. For instance, the assisting devices can guide the user
and help them navigate unstructured spaces [5] or physically help the elderly in their
movements [3]. Several devices have been assessed: they proved to have ability to
reduce walking fatigue [6] or restore the partial loss of muscle control while not
restricting freedom of movement in subjects with mild impairment [7]. Especially
wearable robots, or exoskeletons, offer a versatile digital and connected platform to
offer physical assistance to their primary users as mobility aids.

Exoskeletons have the potential to offer valuable services also to secondary and
tertiary users that can benefit from data and alerts sent from the device. In fact,
wearable connected devices offer a unique opportunity to enhance the monitoring
and intervention abilities of medical staff and relatives, in case of life-threatening
situations [8]. Indeed, smart wearable devices that deliver physical assistance must
adapt to different activity scenarios (e.g. walking, sitting, climbing stairs or other
ADL), thus requiring wearable and smart sensors that must be connected with the
device. This data can be analyzed and sent to nurses, medical doctors and public
health agencies for monitoring purposes. For such reason, the field of Tele-Health
is exploring the emerging possibility to use wearable devices sensory capabilities.
Exoskeletons offer a platform to collect and share data for continuousmonitoring and
analysis, in order to offer tailored drug treatment and other therapies, alongside with
an existing ecosystem of other solutions spanning from remote video consultations
to cloud based data sharing techniques [9], where the exoskeletons can act as user
interface and a peripheral hub connected to edge-computing services.

In spite of the effectiveness of the solutions, what really determines their success
is the final users’ acceptance rate of the device. Acceptance is defined by several
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dimensions (e.g. ease of use, social stigma or expectations) that are affected by
education, age and social status. To maximize acceptance rate, and so the adoption
of devices intended to promote elderly well-being, it is central to design assisting
solutions following approaches that involve the users and are capable to meet their
particular needs [10, 11]. User-centered Design—UCD approaches, as part of the
HCD paradigm, have been widely used in applications where the users and their
needs are central to every design phase.

From the above considerations, it should emerge that when designing an
exoskeleton meant for usage in elderly healthcare, skills from several domains are
needed. As an example, mechatronics knowledge is useful for the design of the
devices, medical and biomechanics understandings are helpful for its evaluation,
and ergonomics for comprehending how the final users will interact with it. For such
reason, the aim of this chapter is to present to a multidisciplinary target two use cases
describing, from the developers’ point of view, the steps taken to build and test two
exoskeletons in elderly healthcare for severe and mild mobility impairments. The
focus of the use cases will be on the technological improvements, the implementa-
tions and future directions, describing how to implement IoT assistive devices that
try to meet the expectations of the final users.

This chapter is divided as follows. Section 2 introduces a brief description of the
types of exoskeletons, their working principles and their benefits to healthy subjects
and frail elderly. Then, theSection provides a backgroundon theParticipatoryDesign
methodology and the User-Centered Design approach, that are implemented in the
design phases of wearable robots. In Sect. 3.1 and Sect. 3.2 the two use cases are
presented. The first describes the XoSoft exosuit, meant for assisting mild-impaired
elderly. The second use case, instead, presents the TWIN exoskeleton, a device
intended for providing support to severely impaired patients. To conclude, Sect. 4
reports the authors’ point of view on future challenges to adoption, development
and research on wearable robots, namely how to assess their acceptance and how to
exploit the amount of data that such devices can produce.

2 Technical Background

This section gives an overview of the current state of the art exoskeletons, that are
market available or are being developed in research institutions. Due to the variety of
tasks that exoskeletons can assist, there are many specialized devices that are tailored
for specific assistance. Thus, it is central for designers to approach the users as an
active part of their process, to continuously confront with hands-on workshops and
refine requirements. To this end, in 2.2 there is a description of the UCD approach
and its activities and phases.
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2.1 Exoskeletons and Exosuits

An exoskeleton is a wearable robot that assists with the execution of physical activ-
ities by delivering forces/torques at the human joints that are encompassed by the
device itself, [12, 13]. There are two different drivers for this technology. On one
side, the empowerment of healthy-bodied humans, typical ofmilitary or occupational
scenarios [14–19]. On the other side, the restoration of mobility capacities in physi-
cally impaired persons, typical of rehabilitation and elderly care scenarios [20–23].
As an example, Fig. 1 displays examples of exoskeletons being used in operational
scenarios. One important and very specific feature of exoskeletons is the intrinsic
interaction between the human and the robot. Human–Robot Interaction - HRI is
twofold: firstly, cognitive, because the human controls the robot that is providing the
feedback to the human; secondly, a physical or biomechanical interaction leading to
the application of controlled forces bidirectionally between the robot and the human
[24]. The fact that a human is an integral part of the design is one of the most
exciting aspects in the design of biomimetic and biomechatronic wearable robots.
It does, however, impose several restrictions, challenges and demands on the design
of this type of device since it involves the cooperation of two dynamic systems, i.e.
human motor control and robot control, in a closed loop system. Additionally, both
systems must be able to adapt to each other in order to stably achieve their common
goal. Therefore, Human-Activity Recognition - HAR is required to understand what
kind of action the user is performing [25–30].

Fig. 1 Example of application fields for the exoskeleton technology. a Keeogo by B-Temia (B-
TEMIA Inc., 4780 Rue Saint-F´elix 105, Saint-Augustinde-Desmaures, Canada), a powered knee
exoskeleton for assisting people with mobility impairments. b Elevate by Roam Robotics (Roam
Robotics, 650 Alabama Street, San Francisco, CA, 94110, USA), a powered exoskeleton for
offloading knees and quads during skiing activities. c PowerWalk by Bionic Power (Bionic Power,
2661 Lillooet Street, Vancouver, BC, V5M 4P7, Canada), a passive knee exoskeleton for military
applications. d Evo by Ekso Bionics (Ekso Bionics, 1414 Harbour Way S 1201, Richmond, CA
94804,USA), a passive arm and shoulder exoskeleton for supportingworkers in industrial scenarios.
All images are taken from Exoskeleton Report (https://exoskeletonreport.com)

https://exoskeletonreport.com
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Exoskeletons can be categorized in several ways. According to the presence or not
of rigid elements, exoskeletons may be referred to as rigid or soft. Soft exoskeletons
also known as exosuits, are lightweight and easily integrated in every-day clothing.
They take advantage of compliant and soft elements such as webbing or elastic
bands to provide forces to the wearer. On the contrary, in rigid exoskeletons, the
presence of structural frames and links can be exploited not only to support part of
the exoskeleton weight, but also to transmit forces and torques. Despite the foot-
print and the weight of rigid exoskeletons being higher than soft ones, they can
provide higher forces. A further classification can be done according to the joint the
exoskeleton assists, i.e., shoulder, neck, wrist, back, hip, knee, ankle, or any combi-
nation of the previous. Finally, according to their actuation principle, exoskeletons
can be described as passive, active or quasi-passive. In particular, to deliver assis-
tance, passive exoskeletons rely solely on mechanical elements—like springs or
elastic bands [31]. This implies that, in specific phases of the movement, the device
stores the energy coming from the user to, then, release it in successive phases. It
follows that a passive actuation is not suited for paraplegic or severely impaired users
since they have no residual strength to “charge” the mechanical elements. For these
users, an active exoskeleton represents the optimal fit. Indeed, exploiting controllable
elements—like electrical motors or pneumatic actuators—this class of devices can
directly deliver assistance to the wearers, without first requiring them to store energy
into the exoskeleton [32]. As a matter of fact, the energy is drawn from external
sources like batteries or air reservoirs. The last category, quasi-passive exoskeletons,
takes advantage of controllable elements not to directly provide assistance to the
user but, rather, control the engagement of the connected passive elements [33]. In
Sect. 3.1, we will present an example of quasi-passive exoskeleton XoSoft, and in
Sect. 3.2 we will present an example of active exoskeleton TWIN.

2.2 User-Centered Design (UCD)

Wearable assisting devicesmust be designedwith criteria imposed byHuman Factors
to adapt different subjects anthropometric measurements. This will be, arguably, the
best method for a rehabilitation device used in clinics; where trained professionals
can operate and fit the device properly.

But what about everyday assisting devices? How the designer can learn the new
constraints that are set by unstructured home environment or usability from a naive
user?

To take into accountmultiple user-set constraints,ParticipatoryDesign is the right
approach to use. This design methodology can profitably collect constraints that are
set by the users’ capabilities, living or working context and activities. The paradigm
of Participatory design is based on the concept of co-design. Final users become
co-designers and are involved in the process: from setting and refining requirements
in early-stage development to simulations with mockups in the mid-stages of design
[34]. Involvement of the users is of paramount importance to collect and prioritize
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the device’s characteristics that will impact most usability and acceptance, from the
users’ point of view. Final users are active figures in requirements synthesis and
refinement rather than actors/personas in a determined scenario [35].

HCD andUCD are specialized design methodologies born from the participatory
approaches. The term UCD was introduced during the 80s [36] and, particularly,
focus on users’ needs and device usability, while HCD implements a broader concept
of design that aims to adapt devices to humans’ capabilities, physical factors and
skills.

UCD approach consists in an iterative design loop, as depicted in Fig. 2. During
Early-stage phases 1, 2 and End-stage phases 5, 6 all users are always required,
while in Mid-stage phases 3, 4 they may not be involved [37]. Indeed, in phase 1
designers define the problem to solve by analyzing the context of application (e.g.
indoor or outdoor), users’ needs (e.g. maximum weight for wearability) and other
specifications (e.g. set by technical limitations). Users are, then, grouped in Primary,
Secondary and Tertiary users. Primary users are the one who will use the device,

Fig. 2 Example of a UCD approach pipeline. Phases 1 and 6 are performed only once in the
cycle of design, while phases from 2 to 5 are performed iteratively, until all requirement are set
and implemented to match the device functionalities. Early stage phases consists definition of the
users, context and technical specification of the device to build (phase 1) and the iterative phase of
requirement refinement and handling. Mid-stage consists in design and prototyping phases where
designers may involve users to test critical functions of the device as early as possible to test if the
solution matches users’ requirements. End-stage consists in testing and the final device validation.
In the iterative testing phase, designers may work with a selected group of users
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Secondary users are the one who will be involved in the use through an intermediary
(e.g. nurses caring for elderly) and Tertiary users are the one that can be affected by
the use of the device (e.g. health insurance companies) [37].

Primary and Secondary users may be involved through workshops and handson
in the Design and Prototyping phases to further refine requirements and the critical
parts of the device (e.g. user interfaces or data-communication protocol), especially
in the first UCD iterations. On the other hand, all users will be involved in Testing and
Validation phases through interviews (e.g. questions on usability or comfort), trials
in the targeted scenario and sensors’ data collection (e.g. movements reconstruction,
metabolic consumption or muscular activation).

3 Use Cases

This section will present two use cases that represent the exoskeleton approach,
TWIN, with rigid frame and actuators and the exosuit approach, XoSoft, with
compliant structure and actuation units. The description will provide with a detailed
explanation of their working principles and the design processes, with an emphasis
on Participatory approaches. At the end of each paragraph, there are brief description
of validation trials and application in life-like scenarios (e.g. nursing homes).

3.1 XoSoft for Mild-Impaired Elderly

The XoSoft exosuit targeted the development of a new generation of lower-limb
modular soft exoskeletons for assistance of people with mobility impairment. These
restrictions to movements can be due a partial loss of sensory or motor function [38]
as a consequence of ageing or pathology. One of the main challenges of the project
was to develop a complete soft system that provides assistance to the user accordingly
with specific physical needs. During the development of the exoskeleton, focus was
not only on the sensing and actuation technology, but also on understanding the
user requirements and needs. Therefore, the UCD approach (see Sect. 2.2) provided
important guidelines for an effective development of the exoskeleton prototypes.
More in details, the identified requirements were:

• The system needs to be worn under the users’ primary clothing. • The garment
materials need to be easy to care for and dry cleanable. Thus fabric elements with
electronic components or sensors that cannot be separated from the fabric must
be designed accordingly with such need.

• Donning and doffing shall be achieved easily (preferably in less than 5 min and
without external help). Male and female users must be able to go to the toilet on
their own without external assistance, as wearer dignity and independence is of
paramount importance.
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• The garment shall facilitate the storage or carrying of the power source (battery
or spring) for the XoSoft System. Power supply shall be interchangeable through
simple user friendly procedures.

3.1.1 The XoSoft Exosuit Gamma Prototype

The Gamma prototype (see Fig. 3) is the most advanced iteration of the UCD
approach and comprises of a garment where the technological components are
integrated: the modular actuation units, electronic controls and soft sensors. The
device meets the essential requirements and is classified as a class 1 medical device
compliantwith IEC60601.TheGammaprototype involved a trulymodular approach,
allowing actuation of different joints, unilaterally or bilaterally, depending on the
users’ needs. To provide assistance, the XoSoft exosuit takes advantage of a Quasi-
Passive Actuation—QPA, chosen according to a preliminary energy efficiency anal-
ysis, reported in [38]. More in details, whenever the pneumatic clutches (see Fig. 3a)
in series with the passive element (see Fig. 3b) are engaged, the system stores energy.
This energy is released in successive phases of the gait. Indeed, the pneumatic
clutches are controlled according to the gait phases. Consequently, the core of the
control system is a state machine that keeps track of the gait of the user. The gait

Fig. 3 XoSoft Gamma prototype and its components. a Pneumatic clutches. b Elastic bands. c
Capacitive soft knee sensors. d Sensorized insoles. e Schematic representation of the Gamma
prototype. f Elderly subject wearing the XoSoft Gamma during testing at the Geriatrics Centre
Erlangen, Germany (GCE)
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Fig. 4 Figure (adapted from [42]) representing human gait cycle. 0% corresponds to the heel strike
and 100% represents the successive heel strike, for the same leg

cycle (time between two consecutive heel strikes, of the same lower limb, see Fig. 4)
consists in two main phases:

1. Stance phase, that is the time between the heel strike of the foot and the toe off
(from 0 to about 60%);

2. Swing phase, time between the toe off and its consecutive heel strike (from
about 60 to 100%).

The transition between these phases is marked by the heel-strike and by the toe-off
respectively. To gather this information, the device relies on sensorized insoles (see
Fig. 3d) with pressure sensors in strategic places: (i) a rear sensor placed approxi-
mately under the heel, (ii) middle sensors placed between the heel and the toes, and
(iii) a front sensor placed at the tip of the toes [39]. Additionally, soft capacitive
strain sensors [40] ((see Fig. 3c)), embedded in commercial knee braces and worn in
contact with the skin, under the exosuit. These sensors are used to further refine the
segmentation of the gait cycle, considering up to six events, namelyHeel Strike—HS,
Flat Foot—FlF, Front Foot FrF, Toe Off—TO, Positive Speed Inflection—PSI and
Negative Speed Inflection—NSI [41]. The control strategy for theXoSoft exosuit can
be selected based on the required assistance for specific lower limbs joints and task.
During an initial phase there is the energy storage to elongate the elastic band. In this
case the user has to fight against the resistance force generated by the actuator. Once
the joint starts rotating in the opposite direction, the system releases the accumulated
mechanical energy. In this phase, the system provides assistance to the user until
the leg segment returns to the initial position. Therefore, it is possible to store and
deliver different amounts of energy by modulating the timing of clutch engagement.
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3.1.2 XoSoft Experimental Validation

The XoSoft exosuit was tested to assess functionality, validity and reliability [39,
43–46]. Concerning the device, it emerged that:

• There is no need for a high-power actuation system. Indeed, it is worth noting
that while the healthy human gait is highly optimized with only a small margin
for improvement, for patients with a small/medium degree of disability, a quasi-
passive actuation system has the potential for significant improvement.

• The energy efficiency of the system (and consequently the autonomy) can be
substantially improved.

• Alternative actuation mechanisms, that are more suitable for a soft system, need
to be explored.

A variety of primary users were targeted to test wearing the Gamma. The
platform has been subject to laboratory testing on specific scenarios: Walking on
level surface; Sit-to-stand/stand-to-sit; Balance (e.g. standing and reaching; postural
sway; Walking on an incline plane; Obstacles; Individual steps (step up & down);
Donning/Doffing). In laboratory six primary users, with different levels of impair-
ment (1 stroke, 3 with incomplete spinal cord injury, 2 frail elderly), were tested [47].
For all participants, a baseline gait analysis without XoSoft was performed in order
to gain insight into their specific gait pattern. Participants had a garment custom fitted
to their anthropometrics. The baseline gait analysis and the garment fitting were done
between 1 and 4months before data collection with the XoSoft prototypes. However,
both frail elderly participants were not able to do the data collection with the exosuit
due to serious health issues unrelated to the data collection.

The clinical validation [48, 49] was performed with nine participants: two partici-
pants with stroke and two participants with incomplete Spinal Cord Injury iSCI were
measured with the Gamma prototype at RRD (Netherlands), and five frail elderly
participants were measured with the Gamma prototype at GCE (Germany). Different
actuation protocols were used, depending on the individual user needs. Results show
that the actuation resulted in improved kinematics of the actuated joint, and in some
cases also affected the other joints of the assisted limb. The amount of improvement
varied between the participants. Improvement of foot clearance was found in one
of the participants with iSCI, which was also the participant with the most striking
improvements in gait kinematics. All participants commented that the system was
supporting their leg, such that it took less effort to walk compared to walking without
a soft exoskeleton. With respect to usability of the Gamma prototype, all participants
reported that the Gamma prototype was too large and too bulky to be used in daily
life. However, these comments include the size and weight of the backpack and
the use of an external compressor (with accompanying noise and umbilical cord).
In addition, participants reported that in the future, the “one-size-fits-all” garment
needs to be improved to a customized garment. This includes the size of the garment,
but also relates to the individual needs for a specific patient. Participants commented
that they would only like to have features included in the garment that are beneficial
for them. For example, straps and attachment points on the unaffected lower limb,
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or around joints that are not actuated, need to be removed from the garment in future
designs. This will increase the usability of the garment with respect to donning and
doffing and comfort of wearing the garment.

Based on our experiences with the Gamma prototype in stroke, iSCI and frail
elderly, we would like to make some recommendations for future developments of
soft exoskeletons. Besides the abovementioned aspects on usabilitymentioned by the
participants who used to device, the actuation mechanisms are important to consider
in future developments. So far, the Gamma prototype did not succeed in actuating
knee flexion during swing. As sufficient knee flexion is an important mechanism to
accomplish foot clearance in swing, actuating knee flexion during swing is expected
to contribute to improved gait in participants who have problems with their foot
clearance, for example as a result of a stiff-knee gait. Instead of actuating knee flexion
during swing, itwas possible to actuate hipflexionwith the currentGammaprototype.
Positive effects of hip actuation were found, resulting in increased hip flexion during
swing, and a more upright position of the trunk. Actuation of the hip could only
be included in a small number of participants. In daily clinical practice, no devices
are available to support hip function in participants facing problems concerning this
joint. This is in contrast to for example the ankle, where many different types of
ankle–foot orthoses are available to support ankle movement during gait.

3.2 TWIN for Severely-Impaired Elderly

TWIN is a lower limb exoskeleton powered at knee and hip, originally designed
for Spinal Cord Injured—SCI patients [50]. TWIN is the result of a joint effort
coming from the tight cooperation between engineers, industrial designers, physical
therapists, physiatrists and SCI patients, which jointly collaborated to develop the
device, employing a user-centered approach.

3.2.1 The TWIN Lower Limb Exoskeleton

The developmental process of TWIN initially involved investigation of user needs
with SCI subjects and a tight cooperation with physiatrists and physical therapists
from two major rehabilitation clinics in Italy throughout the whole development.
At first, SCI subjects were requested to express typical needs in their daily life and
opinions regarding personal use of an exoskeleton. In a second stage, this information
was employed for drafting the general layout of the exoskeleton and the requirements
of the device to guide its development.

Overall, what emerged from the analysis of user needs were specific suggestions
for an effective application of robotics to people with spinal cord injury. Their feed-
back could be summarized in two main key needs, i.e. the device should be used
autonomously and should be practical to facilitate its employment during its daily
usage. The developmental phase followed these specific requirements.
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The distinctive feature of the TWIN system (Fig. 5) is indeed its full modularity:
the four motors (hips and knee) can be easily donned on and off by means of eight
lateral quick release connectors placed on both ends of each actuation module. These
connectors realize a dual function: they can both bear the structural mechanical load
and serve as electrical interface between the different parts of the exoskeleton. Imple-
mentation of this quick release system posed many challenges. It is in fact essential
to guarantee the support of the complex, multi-axial, force-torque load imposed on
the structure, while at the same time ensuring patient safety, high structural stiffness,
power supply and continuity of data streaming. Furthermore, although the “in-line”
coupling layout seemed preferable because it bears both axial load and bending
moments well, this choice was discarded to prioritize the usability of the device
and ease of donning through side mounting. The lateral rapid safety system has
indeed been designed to require the patient to make a minimum effort during use,
while ensuring highmechanical and electrical safety, following the IEC 60601 safety
standard for electro-medical devices [51].

The TWIN system allows the user to set the gait parameters through a mobile
device-based GUI, whereas the steps are driven by means of an Inertial Measure-
ment Unit—IMU based trigger. The actuation units employed to power all four
joints, are based on flat Maxon motors coupled with 100:1 CSD Harmonic Drive
gearboxes. This solution guarantees limited lateral encumbrance and can support
patients weighing up to 110 kg.

Fig. 5 The TWIN lower
limb exoskeleton
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The structural parts of the exoskeleton (pelvis, femur, tibia) come with different
sizes to adapt the device to the anatomy of the patient. Furthermore, a battery pack
located at the back of the device, guarantees up to four hours of continuous operation,
whereas a motherboard located next to it is employed as central control unit to
send/receive commands and measurements to/from each of the motors. This unit
takes care of the high level control that is executed by a TI TM4C123GH6PM TIVA
microcontroller.

As for device control, we chose a position control-based scheme to provide full
support to the SCI patients during use.As in [50], we used predefined gait trajectories,
generated in Cartesian space, by using a basis function interpolation method which
was designed so as to maximize stable walk. This indeed was one of the main gait
pattern features requested by SCI subjects. The steps are triggered by reaching a
set of two torso inclination thresholds. Torso inclination angles are measured by the
IMU sensor located in backpack of the device. The step is triggered by the user by
means of elaborating the signals coming from the IMU. The pitch and roll angles
are defined as the tilt of the waist unit with respect to the frontal and Sagittal planes,
respectively. When these angles both pass the frontal and lateral threshold values,
the step trigger is activated. These two parameters can be set according to patient
needs.

The evaluation of the device’s mechatronics as well as the usability of TWIN have
been initially carried out by testing the device on healthy subjects (see Fig. 6).Agroup
of ten healthy volunteers participated to the experiment. They had no neurological
or muscular diseases. The goal of this phase was to obtain feedback on comfort,
usability and safety of the device and its control throughout the development process
to allow design adjustments and improvements in a timely manner.

The experimental evaluation was carried out in empty areas, under the supervi-
sion of qualified personnel to ensure the safety of the subjects. Both subjects and
supervisors were instructed on how to use the exoskeleton. The subjects were asked
to perform straight walk from a starting point to a final point located ten meters
away, at their preferred speed. Usability and safety were evaluated qualitatively by
obtaining feedback from the subjects and the physical therapists. Overall, the device
was assessed positively by the two user groups, both from the comfort/ergonomics
perspective and feasibility of the walking pattern.

The TWIN exoskeleton is now used in a clinical trial aimed at assessing its
usability by patients with incomplete SCI. Usability is evaluated in terms of safety,

Fig. 6 Testing of the TWIN exoskeleton. Image adapted from [50]
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ease of use and intended use. The level of satisfaction of the device by both patients
and therapists will also be assessed. More recently, the TWIN exoskeleton has also
been adapted to rehabilitation of stroke subjects and a clinical trial is currently being
performed, specifically aimed at investigating its usability and user acceptance for
neurological rehabilitation.

3.2.2 Potential Use of TWIN for Applications on the Elderly

Preliminary results on the tested population of healthy subjects and of patients from
ongoing clinical trials have indicated the potential of the TWIN exoskeleton for
rehabilitation of subjects with motor impairments due to traumatic or neurological
nature. One obvious exploitation of this technology would thus be its application
in the context of motor impairment not due to a pathological condition, but to the
physiological motor decline, typical of ageing. Indeed, it is likely that in future years
the elderly population will constitute the majority of exoskeletons users, not only
because neurological diseases with motor consequence typically affect older adults,
but also because ageing is characterized by a progressive deterioration of motor
functions, walking being one of them [52].

Given its highmodularity and usability, TWIN could serve as a portable device for
at home use. Numerous studies has pointed out the importance of aerobic exercise,
such as walking, for maintenance of cognitive abilities in superagers [53]. However,
older adults are often limited in the execution of physical exercise because of fear
of falling. A supporting device such as TWIN might thus promote the execution
of walking training also for those subjects whose motor limitations made motor
exercise impossible without the assistance of physiotherapists. Moreover, just as a
physiotherapist would do, TWIN control can be regulated such as to adjust the gait
parameters (i.e. step length, speed and so on) according to the subject’s need.

However, in order to effectively adapt current robotic devices to use on the elderly
population, we once again stress the importance of understanding user needs and of
designing exoskeletal solutions tailored to this specific application.

4 Future Challenges and Trends

In the previous section, we have shown the results obtained with two exoskeletons
that can be used also for elderly assistance. In the following, we would like to focus
on two trends/open challenges for the future: make sure the exoskeletons are actually
used and promote their widespread adoption; and take advantage of the great amount
of data that can be collected not only from the exoskeleton but also the final user.
The first challenge is addressed in Sect. 4.1 concerning technology acceptance; the
second in Sect. 4.2 focusing on tele-health applications and data monitoring.
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4.1 Technology Acceptance

A preliminary step to introduce exoskeletons for older people in real contexts is
definitely the user’s acceptance of such systems. In [54] is reported why adoption
and use ofwearable robots by older adults is not yet properly understood and analyzed
by Technology Acceptance Models—TAMs. TAMs represent the factors that must
be considered before to design any assistive technology [55–58], even in case of older
people [59, 60], whose attitude toward learning to use and actually employ a novel
aid also depends on their decline in sensory, motor, and cognitive skills alongside
the challenged constituted by a novel aid.

For instance, the adoption of a system and the intention to use it can be influenced
by its perceived usefulness and ease of use from the point of view of the user,
whose anxiety, expectations on the device performance, beliefs on its reliability,
and experience of social pressure can affect the curiosity and enjoyment in trying
the proposed solution. Furthermore, these factors directly influence the key aspect of
self-efficacy—the subjective judgment of one’s capability to face a certain situation—
which is critically relevant in many cases of robot acceptance [61].

Considering this premise, the authors of [54] state the need of older UCDmethod-
ologies to create novel wearable geron technologies. Adapting TAMs like Almere
[59] or STAM [60] to exoskeletons for elderly could be a strategy for improving the
user-centered design techniques, interpreting qualitative and quantitative data on the
specific needs and reactions of older people.

Accordingly, [62] proposed the Exoscore as an iterative design and evalua-
tion method to evaluate the exoskeleton acceptance in order to optimize it for
elder people (they tested this approach to assess a prototype of a soft lower limb
exoskeleton—XoSoft). This method is based on 3 phases—Perception Evaluation,
Experience Evaluation, Perceived Impact Evaluation—characterized by a progres-
sive user-centered assessment of the device through visual exposure, usability testing,
questionnaires. Importantly, the authors introduced novel constructs, discussed in
[63] too. Experiential Perception describes how the user perceives the interaction
with the device, including aspects like the embarrassment and the excitement for
wearing the exoskeleton alongside physical comfort issues related to weight or noise.
Self-Liberty is constituted by the user’s belief of being able to independently manage
the device. Quality of Life Enhancement is based on the value attributed to the system
according to its impact in daily activities. The authors also suggested that robotic
assisting devices must adapt to the individual changes in health and life condition
during the aging process. Overall, an acceptable exoskeleton must also be usable,
trusted, and comfortable to promote the user’s motivation to perform trial-and-error
learning processes, achieving improved control skills, self-efficacy, and autonomy
of use. In order to achieve this outcome, the product designers must also identify
the unmet needs of older adults in order to avoid frustration, embarrassment and the
abandonment of the devices.

The designers and developersmust also care for de-stigmatizing the devices them-
selves, which risk to mark the user’s condition with signs of deteriorating health and
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autonomy [64]. In order to solve this issue, [65] suggested to hide or integrate the
exoskeleton with regular clothing, considering also the potential of personalization
in improving the technology acceptance. Making a system truly user-specific consti-
tutes a response to the variability demonstrated by older adults in judging their
current need of adopting a wearable robotic system in daily activities. Overall, an
appropriate training alongside an intuitive design could overcome the general diffi-
culties of the users. On the other hand, the doubts of specific users can be solved
through customization options, demonstrating to consider the individual needs in real
contexts. In order to anticipate the heterogeneous needs of the users and increase the
technology acceptance, the authors suggest to actively involve the older adults in
the decision to adopt an exoskeleton, supporting such a decision-making process
through the advice of experts.

Finally, the technology acceptance issuesmay also be related to the physicians and
the therapists, which are involved in co-design processes to estimate the opportunity
of using exoskeletons in assistance and rehabilitation. Mortenson et al. [66] observed
how using a lower limb exoskeleton may reduce the physical demand on therapists
during repetitive, effortful exercises. The authors highlighted anyway how clinicians
must manage the patient’s expectations about the outcome of the exoskeleton usage.
Furthermore, the therapists must face issues related to the cost of the device, the
system calibration time, and the intensive training required to employ the technology
with the patients.

4.2 Tele-Health and IoT

Tele-health allows to connect remotely the different subjects involved in the rehabili-
tation process. This includes not only the patients (primary users), but also clinicians
(secondary users) and others (tertiary users). In particular, the tele-health systems
allow different kind of interactions. In [67], the main interactions are divided in three
groups: (i) clinician to clinician, (ii) clinician to patient and (iii) patient to mobile
health technology. Each of them have a different purpose and requirements.

A typical rehabilitation scenario where tele-health can provide an important
benefit is when the patient is not able to travel to the clinical setup, due to distance
limitations or other external factors. Furthermore, the COVID-19 situation has made
this scenario even more plausible [68–70], and a tele-rehabilitation system where
the person can exercise remotely without the need to coming in person to the clinic
offers important advantages from the infection prevention point of view. Neverthe-
less, not all the rehabilitation procedures can be done remotely, or they would require
an excessively complex system.

A second application of tele-health is the continuous monitoring. The data collec-
tion from the rehabilitation exercises help the clinicians to evaluate the progress of
the patient. While more classical tele-health approaches make use of simpler tech-
nologies such as phone, email or video-chat, latest IoT technologies allow continuous
monitoring and feedback of the rehabilitation process [71–73]. As an example in the
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XoSoft project, we developed the XoSoft Connected Monitor system—XCM [74]
that remotely monitors all data generated by the sensors and control hardware, and
also records full 3D kinematic data of the lower body and trunk. The first type of data
is envisioned for unsupervised use in the final product, and the latter type of data
for clinical device calibration and fitting, patient training and patient assessment.
The XCM also doubles as a tool for testing of the Gamma version of the XoSoft
exosuit in simulated home environment ADL tasks. The XCM has been shown to
provide complete, relevant, robust and flexible monitoring and control functionality
and interfacing and has been shown to provide accurate, reliable, reproducible data
handling and analysis with a high level of automation [74].

Despite themultiple benefits of the tele-health technologies in rehabilitation, there
are several obstacles that prevent from a wider implementation. The cost of these
technologies is still a barrier, but with the spread of the IoT technologies more and
more devices are easier to integrate into a tele-health system. However, physical
rehabilitation still often requires specific expensive devices. Reimbursements from
National health systems or health insurance companies can only cover part of the
expenses.

The second barrier is related with what was described in the previous section,
namely the technology acceptance in elderly groups. In this particular case the accep-
tance is linked with the use of handheld devices for monitoring or using the tele-
rehabilitation setup.While new generations are comfortable with the use of handheld
devices, older patientsmight needmore time to adapt and they could even reject these
solutions. Important efforts have been put in the development of intuitive and easy
to use user interfaces to improve the introduction of these technologies [75, 76].

5 Discussion

In this chapter we presented two different exoskeletons, aimed to relieve subjects
affected by different levels mobility impairments: XoSoft and TWIN.

XoSoft is a soft exoskeleton that targets subjects with low to mild mobility
impairments. It offers modularity to assist only unhealthy joints of the lower limbs,
improving pathological gait. The user can feel the assistance from the device that is
delivered only when the user needs it, allowing the subject to move unconstrained.
To do so, the device is a soft garment with harnesses and its control structure relies
on the identification of the users’ gait pattern.

Conversely, TWIN is a rigid exoskeleton that aims to assist users that cannot
autonomously move anymore. Severe impairments to the lower limbs, such as SCI
and other pathological muscle illness, require strong assistance, elaborated control
strategies and a rigid structure to support users and let move freely.

These devices are primarily intended to physically assist elderly with pathological
or natural muscle tone reduction (sarcopenia) to give them back the possibility to
perform activities of daily living autonomously. Indeed, with the increase of ageing
population is of utmost importance to develop and deploy devices to allow wellness
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and active life of this population. Indeed, it is argued that an active lifestyle helps in
preventing additional severe diseases and decay, promoting a healthy-ageing [1, 2].

Secondarily, exoskeletons comprise digital and communication devices that can
monitor users’ biometric parameters. Indeed, exoskeletonmust collect data regarding
gait phases and balance of the users for their correct functionality. However,
computing and connection capabilities allow exoskeleton to act as a hub to collect
data from different biometric sensors that can monitor other health parameters (e.g.
blood glucose level). There are endless possibilities to monitor health parameters
through various sensors connected with the exoskeleton through local body area
networks (e.g. Bluetooth Low Energy—BLE), among the most important there are:

• central hub streaming a continuous data flowwill allow researchers and clinician to
monitor effects of prolonged use of wearable assistive devices, possibly bridging
the gap to show efficacy of wearable assistive devices;

• continuous monitoring allowing caregivers and emergency to rapidly intervene in
case of sudden illness;

• allow for detection of illness from the appearance of early signs that can be
correlated to severe or impairing pathologies.

Despite the promising primary and secondary benefits, exoskeletons still need to
face potential challenges to fill the gap to the market. To this end, we believe that
a multidisciplinary UCD approach, extended to all direct and indirect users of the
device, is the best way to promote impactful development of the current prototypes.
Indeed, an effective communication to all stakeholders could become a strong driver
for promoting application and further progress in the physical assistive devices field.

6 Conclusions

Exoskeleton and exosuits are moving from tethered rehabilitation devices to walking
aids, emerging as a valid solution to maintain independence and mobility for
an ageing society. Wearable robots act twofold: physically assisting the user and
collecting biometric data. Therefore, wearables robots offer the possibility to develop
connected digital services, promoting continuous monitoring and tailored medical
treatments. Potential applications target elderly, caretakers and public or private insti-
tutions. To reach a widespread adoption of wearable assistive devices, researchers
are addressing two main challenges. Firstly, enhancing the acceptability, predicted
through TAMs for elderly. Secondly, providing to all the stakeholders involved
in elderly healthcare an intuitive and integrated platform to access biometric data
collected from the wearable robots.
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Video Games for Positive Aging:
Playfully Engaging Older Adults

Sasha Blue Godfrey and Giacinto Barresi

Abstract One of the biggest challenges in the near future will be finding strategies
to promote positive aging, that is, aging with a high quality of life with respect to
both mental and physical health. Video games appear to be one of the most appealing
interactive technologies for empowering older adults and assisting them to overcome
health issues. As underlined by recent studies, computer games can improve seniors’
quality of life in several areas, including training of cognitive abilities, relaxation,
socializing, and motivating healthy behaviors such as physical activity. Their capa-
bility to engage people is especially useful in clinical settings, enhancing patient
adherence to therapy exercises, perhaps even more so when they can employ recent
advances in Extended Reality, Internet of Things, and Tele-Health. Furthermore,
emerging domains, likeDigital Health, offer revolutionaryways tomake gamesmore
effective, ubiquitous, adaptive, and personalized, empowering the user-centered (and
senior-centered) design of these systems. Within this context, this chapter discusses
the role of video games to foster positive aging, analyzing how they can enhance
mental and physical health in the elderly population.

Keywords Video games · Older adults · Serious games · Gamification · Internet
of Things · Digital Health

1 Introduction

The promise of technological applications for the elderly in general, and computer
and serious games in particular, has long been recognized [1]. We now live in an
era where the ubiquity of and familiarity with technology makes that promise more
achievable than ever. In this chapter, we will explore the use of various kinds of
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video games to improve the health, well-being, and lives of senior citizens, an ever-
increasing segment of the global population.

One of the main advantages, in the opinion of the authors, of using video games
to address a specific need is the engagement with the user. In rehabilitation, whether
physical or cognitive, exercises can become monotonous or boring over time, even
for individuals that understand the benefits of therapy and are motivated to improve.
High repetition is often key to reaping the positive benefits of rehabilitation. Through
the use of video games, this repetition can become less tedious and more fun.

Similarly, videogames (and, in certain cases, the stories they tell) canbe a powerful
tool to draw people in helping them identify with the scenario presented, making it
an effective avenue for promoting healthy habits and meaningful lifestyle changes
[2]. Finally, video games can be used to tackle mental health challenges. Sometimes,
it can be difficult to face mental health issues head-on in conventional therapy, but,
similar to healthy habit promotion, stories and games can help the player engage with
and work through these difficult subjects. Overall, the health of seniors will be the
main target of the systems we describe, but game-based solutions can be exploited in
many other fields to engage older adults with direct and indirect effects on their well-
being. The choice to focus on health-related applications derives from the need to
prioritize managing and potentially countering the effects of aging and age-related
challenges. These applications may in turn enable other aspects of older people’s
daily life. In this chapter, we will explore these applications and others, considering
how they can be empowered by technologies for ExtendedReality, Internet of Things,
and Tele-Health. Furthermore, we will explore senior-centered design and how it can
improve these applications. We will touch on the wide variety of game modalities,
their connection to the individual’s interests, and how the user must be considered
as a whole regardless of the specific focus, health or otherwise, of the application.
Embracing and exploring this variety can help discover novel strategies for engaging
seniors. Finally,wewill discuss how these systems intertwinewith exemplary innova-
tions in Digital Health to promote positive aging through ubiquitous personalization
features.

2 Engagement and Game Systems

Video games are interactive systems characterized by a remarkable ability to involve
players, intrinsically motivating them both to persist in their use and to fully engage
their mental and physical skills to improve their performance and achieve a goal. A
proper game design is rich in elements (e.g., rules, challenges, feedback, rewards,
difficulty levels, and objectives) that generate this kind of personal involvement [3].
Neuroscientific studies on video game interactivity have shown how such engage-
ment is a rewarding (and therefore motivating) experience that goes beyond the
multisensory stimulation of the game [4].
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2.1 Engagement, Game Features, and Well-Being

Literature offers interpretative models of video game engagement processes, consid-
ering [5] and in line with the self-determination theory [6] (SDT, Fig. 1), and how it
depends on the satisfaction of specific player needs: (i) competence, as the feeling of
being an expert in an activity; (ii) autonomy, as the feeling of being who determines
what happens; (ii) relatedness, as the feeling of being involved in interactions and
bonds with other individuals.

The SDT offers a versatile key for understanding how certain tasks and situa-
tions are intrinsically motivating, thus engaging. Considering an example outside the
context of video games, Lee et al. [7] presented the results of a successful 13 month
SDT-based plan promoting physical exercise adherence and resulting in improve-
ments in physical fitness and quality of life in older adults. When SDT is adopted to
engage players of video games, its effects are enhanced by the interactivity of this
class of media. Games generate a motivational pull [8] based on the enjoyment that
depends on the type of feedback adopted, the rules characterizing the game, and the
social features enriching it—matching, respectively, the three dimensions of SDT:
competence, autonomy, and relatedness.

Overall, game literature suggests multiple ways of engaging the user through
scientifically informed choices of game design [9]. An example is offered by Guar-
dini et al. [10], who show how it is possible to increase the perceived competence and
enjoyment of the player by simply increasing the visualized amount of XP (expe-
rience points, the points that determine the growth of the character) accumulated
during the game sessions.

Considering this, it is advantageous to introduce game features in systems tradi-
tionally unrelated to leisure contexts [11] for improving users’ motivation, their
engagement in executing tasks, and, consequently, the expected benefits of such solu-
tions. Especially effective is the approach of gamification [12]: applying video game
elements to a system not designed to entertain the user (for instance for professional

Fig. 1 From the factors of motivation in self-determination theory to engagement



378 S. B. Godfrey and G. Barresi

training) in order tomake its usemore engaging.Another perspective is that of serious
games [13]: actual games designed for purposes not only related to entertainment
(such as stimulating and promoting physical exercise, in the case of exergames).

However, this classification tends to be excessively rigid if we look at the integra-
tion of game features in applied contexts. Indeed, game-based systems (a term we
use often in this chapter) can be considered as gamified solutions or serious games
depending on the way they are presented to the user.

Considering their health-related applications, systems based on video game-
inspired paradigms (real games or their elements) are often used to motivate students
to learn [14] or patients in the execution of both diagnostic tests [15] and therapeutic-
rehabilitative exercises [16, 17] that are often repetitive or frustrating. Video game
solutions can also be used to distract patients from pain [18] due to pathologies or
clinical interventions. They are also used to treat anxiety disorders and phobias [19]
and, in particular, post-traumatic stress disorder (PTSD), as in the case of veterans
[20].

Interactive digital entertainment paradigms can also be offered to people whose
motor and cognitive activities must be stimulated or whose habits must be changed
in order to promote their well-being. This is the case of video games that entertain the
elderly [21] by presenting a set of activities able to physically andmentally challenge
them in order to counter the effects of aging, or by driving lifestyle changes for people
with chronic conditions, such as diabetes [22], or by facilitating relaxation through
biofeedback [23].

It is important to highlight how game-based solutions offer high versatility to
engage older adults in activities aiming at improving their quality of life [24].
Elements such as feedback and rewards in video game tasks enable various clin-
ical and health-supporting protocols that enhance and assist the adherence of those
who must perform the required procedures. As noted above, this is especially the
case of older adults, who need specific stimulation for countering the effects of aging
on their life and skills or changing their habits to prevent the worsening of chronic
diseases, in particular clinical exercises for monitoring and treating pathological
conditions. Thus, the versatility of game-based systems is particularly valuable for
exploring and creating novel strategies to approach elderly needs.

However, such strategies depend on the technologies we consider for imple-
menting game elements, which must be appropriate for the individual needs, espe-
cially in health-related contexts [25]. The technological systems enabling game-
based solutions constitute both constraints and opportunities for the designers and
developers. The next sub-section will introduce technological platforms that will be
recurring themes in this chapter.

2.2 Engagement and Game Technology Innovation

Video games and, in general, game-based solutions can exploit engaging features
and specific design choices [26] with a potential that increases with the growing



Video Games for Positive Aging: Playfully Engaging Older Adults 379

development of affordable and accessible technologies (from headsets to projectors)
for virtual reality (VR, when the perceived setting is fully computer-generated, even
within a screen in the case of non-immersive settings) [27]. In addition to VR,
games may be played in mixed reality (MR, when within the perceived setting real
and virtual items coexist) solutions like the ones for augmented reality (AR, when
computer-generated items are experienced within a real environment) [28].

The definitions of these settings are continuously updated according to the inno-
vations in interaction technologies. For instance, Palmas et al. [29] considers VR,
AR (depicted just in terms of informational overlay), and MR (represented as a
fully interactive augmented setting where the computer-generated objects behave
like physical ones) to be different examples of Extended Reality (XR), a concept
that can be expanded according to the emergence of novel interaction paradigms in
various fields, including health [30].

Overall, virtual and augmented environments constitute ideal game settings for
generating engagement derived from different degrees of immersion (related to
sensory fidelity) and presence (the feeling of being within a mediated environment
and the belief that virtual events are actually occurring), both of which are strictly
connected to psychological concepts like the flow state [31–33]. Since immersion and
presence positively affect engagement, adopting virtual and augmented environments
for designing games is quite advantageous for maximizing the player’s motivation
[34]. Such advantages are clear, especially considering how low-cost leisure products
supporting XR are (e.g., smartphones) or are becoming (e.g., headsets for computers
and consoles) quite common on the market and ever more affordable.

The potential of XR can be magnified in conjunction with other systems. In
particular, Internet of Things (IoT) solutions [38] constitute a key enabler to connect
different kinds of technologies—e.g., mobile devices [35], wearable systems [36],
and sensor networks [37]—to allow automated adaptation of the game features to the
individual and for making these features follow the user in different settings. These
technologies can thus generate the conditions for sensor-based virtual coaching [39]
and pervasive computing [40], both of which can have integrated game features.
Thus, they have a central role in making novel interaction patterns emerge within the
domain of games for older adults, taking advantage of IoT functions to gain a degree
of the autonomy lost with the age-related decline of sensory, motor, and cognitive
abilities.

The interplay between IoT and serious games is currently being explored [41]
to achieve personalized interventions (empowering user-specific benefits of games
for health) based on data collected, for instance, at home through environmental and
wearable sensor networks and analyzed by machine learning systems.

This kind of process enables the adjustment of user interfaces and feedback to indi-
vidual behaviors and physiological reactions. IoT sensors can feed AI systems that
guide game mechanics to adapt games to the person’s lifestyle through continuous
monitoring or to improve the effectiveness of a game-based treatment of the conse-
quences of events like a stroke [42] through a computational intelligence guiding the
game mechanics. AI solutions can also use user data to adjust the activity of artificial
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agents working as coaches that stimulate mental and physical activity of elder people
within gamified platforms for assessment and training [43].

Tung [44] proposed this kind of solution within a human–robot interaction frame-
work where a home robot worked as an exercise companion that can accomplish its
functions in any room, anytime. The robotic system is connected to an IoT sensor
network including a smart watch that collects physiological data as the output of the
exercise routine alongside motion data collected through a computer vision system.
The robot suggests exercise videos, follows the execution, and gives accomplishment
points (a gamification solution, represented through flower diagrams) according to
the data collected through the IoT systems.

Interestingly, the convergence between robotic systems and game systems can also
be observed outside the domain of IoT, with serious games enhancing the execution
of rehabilitative exercises guided by mechatronic solutions [45]. In addition, robotic
systems can trigger and facilitate game dynamics that also lead to social interactions
between older adults, for example in virtual environments [46].

Furthermore, IoT can also be connected to virtual and augmented environments,
as demonstrated by the work in [47], which used it with MR to generate a novel
assistive technology paradigm for the elderly. The authors presented these systems for
assisting older people with sensory impairments, using analysis of the environment,
the search and recognition of objects, navigation and wayfinding to make the user
relatively independent in activities of daily living.

These IoT solutions are not explicitly designed for gaming, but they offer a high-
potential framework to tailor game-based features in its MR component, offering a
design space for supporting an engaging guide to stimulate an active life. This can
happen everywhere, since IoT systems [48] can support monitoring of the elderly in
natural settings through virtually any object near the individual in everyday life, with
great potential benefits for telemedicine and serious game-based telerehabilitation
[49].

Figure 2 shows the recent COCARE project as an example of a senior-centered
Tele-Health initiative adopting game-based solutions. COCARE is conducted by

Fig. 2 COCARE: an example of a Tele-Health platform for elderly, including game-based training
solutions. Illustration courtesy of COCARE project. https://cocare.rehab

https://cocare.rehab
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Dividat AG (Switzerland, coordinator), IRCCS Fondazione Don Carlo Gnocchi
(Italy), ETH Zürich (Switzerland), and Materia Agecare (Cyprus) within the frame-
work of the Ambient Assisted Living (AAL) European Program. This project
proposes a user-friendly technological ecosystem for geriatric continuum-of-care
and telerehabilitation. In COCARE, game-based training systems are used to engage
patients, and they can also mediate the diagnostic and monitoring activity of remote
clinicians.

Considering the potential of multiple technological approaches for engaging
seniors, the next sections will highlight exemplary applications of game-based solu-
tions for the well-being of older adults. Our goal is to demonstrate the potential of
such solutions across different aspects of daily life and across the spectrum of clin-
ical applications. We then will discuss perspectives on game design for older adults,
considering the opportunities offered by disruptive technologies poised to interact
with and influence this research field.

3 Video Games for Older Adults’ Well-Being

The term “well-being” can encompass all aspects of life: physical, emotional, and
mental. A person’s experience may clearly affect their well-being on all these levels,
which literally can become “playingfields” to improve the quality of an older person’s
life through video games and game-based systems (including gamification solutions)
[50]. The next sub-sections will introduce a non-exhaustive list of application fields
for game-based systems.

3.1 Promoting Healthy Habits

Maintaining or improving fitness in the healthy elderly population can help prevent
some of the physical deterioration associated with aging, and the effects of phys-
ical activity extend beyond fitness to mental and brain health [51, 52]. Fitness and
physical activity are increasingly becoming gamified. A wide variety of mobile apps
and console games targeting nutrition and physical activity are commercially avail-
able, and the industry continues to grow. Larsen et al. examined the availability and
effectiveness of exergames in the healthy elderly [53]. While methodological differ-
ences between studies make an extensive meta-analysis of results challenging, six
of the seven randomized, controlled studies they reviewed suggested that exergames
can produce positive physical outcomes in the elderly. It is worth noting that five of
these studies utilized commercial gaming solutions in their interventions. The wide
availability of this technology could help research facilities that are not well-versed
in game and/or software development examine similar strategies with larger sample
sizes and dose-matched control groups to further this knowledge base.
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Medication use is a potential future area of serious game development for the
elderly population. Abraham et al. [54] reviewed 12 games for medication adher-
ence, education, and safety in studies published between 2003 and 2019. Most of
these games were targeted at children and/or young adults, and as a nascent field,
results are still limited and variable. However, it is a promising avenue to explore.
Elderly individuals may find themselves having to manage a complicated medica-
tion schedule, and they may be uncertain what, if any, over the counter medications
they can take as needed. Serious games could complement technology already in use
to assist medication adherence and provide an engaging and flexible learning envi-
ronment in which to understand medication safety and interactions. This approach
can be extended to treatments that work to change habits like smoking or diet, as
in the case of diabetes [55]. Establishing and maintaining healthy habits is an area
particularly ripe for IoT and pervasive and ubiquitous systems. In [56], researchers
explored the potential of using a virtual pet (animal or tree) whose state reflected the
relative health of the meals submitted via photograph to encourage healthy eating.
While this solution was aimed at children, the ease of use of the system (submitting
a photograph of a meal rather than typing in foods or selecting from a list) as well
as the non-intimidating and easy to interpret output makes this kind of system easily
modifiable for an older population. Similarly, Takahashi et al. in [57] explored a
mobile walking game to encourage seniors to leave the house and engage with the
community; a game that can fit in nearly each of the clinical applications covered in
this section. Overall, digital solutions like games can be a powerful tool for educating
patients to adopt and maintain healthy behaviors [58] like physical exercise.

3.2 Physical Activity Stimulation and Motor Rehabilitation

Physical activity, as discussed in previous paragraphs, is a very active area of game
(or more specifically, exergame) development and commercialization. Roughly two
thirds of studies published on (serious) games for rehabilitation used commercial
technology, while the remaining third used games designed for the express purpose
of rehabilitation. Bonnechère [59] examined the breakdown of studies using games
for physical rehabilitation across over 200 studies and nearly 8000 subjects and found
the breakdown of study topics coherent with the incidence of the pathologies and
topics of study. Twenty-nine percent of the subjects included participated in studies
on games for aging. Twenty-two percent of subjects participated in studies on topics
that typically disproportionately affect the elderly (19% for rehabilitation post-stroke
and 3% targeting Parkinson’s disease). An additional 16% of subjects participated
in studies on balance, which included subjects of all ages and various conditions,
including elderly subjects. The remainder of the studies focused on obesity and
cerebral palsy, by and large targeting a younger population. The sheer size of this
field precludes it from being covered extensively in this chapter; we will highlight
key examples and applications here, and the reader is invited to explore references
[53, 59–61].
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A particularly rich area of application of game-based physical rehabilitation is
with individuals post-stroke. Games for rehabilitation post-stroke have been tested
to target a variety of stroke sequelae, including upper and lower limb function as
well as balance and general motor function [59]. In [62], Doumas et al. presented
a meta-analysis of the effects of using games for upper limb stroke rehabilitation.
Across 42 trials and 1760 subjects, interventions using serious games resulted in
better outcomes than conventional therapy in upper limb function and activity; these
results, while significant, had low effect size. Looking ahead to the development of
future games for stroke rehabilitation, Doumas et al. observed a moderate effect size
when considering only a subgroup of the above studies that included at least 8 (out
of 11) identified neurorehabilitation principles. These principles include type and
quantity of practice and feedback, among others; the interested reader is directed to
[63] for further information.

Both healthy aging and certain pathologies prevalent in the elderly can increase
the risk of falling. A review by Choi et al. [64] examined 25 articles on exergames for
fall prevention in the elderly. The vast majority of these used commercially available
technology, primarily the Nintendo Wii (14) and Microsoft XBox Kinect (5), often
with commercial games focused on balance or sports. Results of using exergames
largely (24 out of 25 studies) showed improvements in at least one outcomemeasure,
suggesting that these activities are likely effective. From the available data, it is not
yet clear whether this intervention is more effective than conventional exercise. The
video game industry is growing rapidly, with increasingly advanced technology and
an enormousmarket share. Taking advantage of these advances, for example by using
commercial games and technology, could facilitate widespread adoption and home
use.

It is also worth noting that many of the newest game-based solutions take advan-
tage of novel technology. Two prime examples are XR technology, introduced in
Sect. 2 above, and haptic technology. Haptic technology gives the perception of
touch and thus can be a powerful method to provide feedback and increase immer-
sion; while beyond the scope of this work, the reader is invited to examine the
effects of haptic feedback in rehabilitation using VR in [58]. IoT technology is also
increasingly being used for physical rehabilitation [65]. Wearable devices and cloud
technology are increasingly being employed to enable patients to meet their reha-
bilitation goals. Early results suggest that IoT is well accepted in this context, but
much research is still needed to understand the cultural, economic, and other nuanced
aspects of incorporating this new technology. Exergames tend also to be an effective
component in telerehabilitation [66], which can also support cognitive training.

3.3 Cognitive Stimulation and Rehabilitation

Changes in cognitive function are known to occur with aging and begin relatively
early in adult life, with many markers, such as selective attention, working memory,
processing speed, reasoning, and spatial cognition, showing a decline [67]. However,
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these changes, posited in part to be compensated for by lifestyle changes and increases
in function in other areas, such as experience and knowledge [68], are rarely noticed
until they become more significant later in life. In healthy seniors, video games
could promote cognitive stimulation through brain training [69] and edutainment
activities [70]. However, the literature still shows a debate on the impact of game-
based cognitive stimulation.

Two recent Cochrane reviews examined the effect of computerized cognitive
training on maintaining cognitive function in cognitively healthy, elderly individ-
uals [71] and on preventing dementia in individuals with mild cognitive impair-
ment [72]. Both reviews compared against active and inactive control interventions
and looked at global cognitive functioning as well as several subdomains, such as
episodicmemory, processing speed, executive function, workingmemory, and verbal
fluency. Computerized cognitive training was found to have a small, positive effect
on cognitive function overall in both groups. However, the quality of the evidence
was generally deemed low or very low, suggesting that further study is essential to
understanding and validating these effects.

It must be considered that computerized cognitive training solutions are a
heterogenous family that includes a variety of design concepts and implementation
solutions, and these aspects could be critically important for engaging the players
during the procedures. This observation could be the premise to a larger study to
correlate the user engagement of a cognitive training game and its impact on the
targeted cognitive processes. It is possible that not all games are engaging enough to
trigger the expected effect, and a user-centered game design [73] is the key to tailoring
appropriate solutions to a diverse sector of the population like people with different
cognitive impairments, especiallywhen they are intertwinedwith the agingprocesses.
This could explain how certain cognitive training games (e.g., brain training apps
that enhance the cognitive performance and processing speed in older adults) [74]
could be significantly more effective than others.

The importance of engagement is even more evident if we think about cognitive
rehabilitation games. Park et al. [75] highlight how the existing computer-assisted
cognitive rehabilitation systems aremostly constituted by repetitive exercises lacking
actual fun for the players. Thus, they designed and developed a serious game called
“RejuvenesceVillage,” tested by 100 elderly people over 5months. The results of this
study showed an improvement in cognitive performance and life satisfaction with a
decrease of depression symptoms. The study presented in this paper demonstrates
the potential benefits of user-centered design of the game platform, focusing on the
older person engagement to achieve the expected results.

Such systems can also be advantageously implemented in XR settings with
advanced personalization features for proficiently matching the individual needs in
cognitive and motor training and rehabilitation of older adults, addressing the diver-
sity within this population [76]. This field is still open to be explored according to
the emergence of convergent technologies: in [77] a brain training solution including
gameswas based onwearable systems, AR, and IoT, for example, and it was designed
according to neuroplasticity principles.
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The possibility to scale such results through telerehabilitation solutions [78] for
enabling older people to perform exercises at home is an invaluable opportunity that
can be extended to general mental healthcare.

3.4 Mental and Social Well-Being

Interest is growing in using games to treat and manage mental health issues. Lau
et al. [79] in 2017 conducted a meta-analysis of 9 studies targeting various aspects
of mental health at various stages of life and found that this kind of intervention
may be effective at reducing symptoms. This review examined results from games
targeting alcohol use disorder, attention deficit hyperactivity disorder, autism spec-
trum disorder, cognitive functioning, depression, and post-traumatic stress disorder.
This list shows the wide variety of potential applications of this technique. Further-
more, individuals from certain backgrounds or cultures may be more resistant to
seeking help for psychological difficulties and disorders. Serious games may allow
these individuals to tackle an otherwise-unapproachable issue in a way that feels safe
and private. Additionally, certain disorders may be difficult to manage effectively
with conventional methods and may benefit from this innovative approach.

Considering the case of older adults, Hall et al. [80] discuss the health benefits
of digital games for elder people. The authors highlight in their systematic review
how the most frequently reported significant effects of video game interventions for
seniors were on their mental health (e.g., depression). Furthermore, Montana et al.
[81] reviewed the advantages of emotion regulation techniques (including biofeed-
back and neurofeedback) in virtual environments to improve the well-being of adults
and older adults through game-based settings designed to assist the individual in
coping with stress and anxiety [82]. Moreover, Bojan et al. [83] demonstrated the
positive effect of games on the emotions of people with dementia: in severe condi-
tions, this strategy can be successful to facilitate the patients’ acceptance for more
traditional cognitive stimulation procedures.

The psychological well-being of older people must be considered in psychoso-
cial and relational terms too, especially considering issues like loneliness [85]. As
discussed also in Sect. 4 on game design, social interaction is a key factor to stimu-
late the gaming activity of elderly people. Social interactions can be achieved with
multiple effects on seniors’ health, especially when they are promoted by exergaming
[86]. Furthermore, video games can foster intergenerational dynamics that engage
older adults and their young relatives (Fig. 3). Video games can also be specifically
designed for engaging older and younger people in personalized roles and activities
within the same setting according to the each player’s age (e.g., Age Invaders) [87].
In [88], the authors proposed this approach as a way to generate positive changes
in intergroup anxiety and attitudes as well as intergenerational perceptions. Nguyen
et al. [89] include three social interaction games targeting the elderly population in
their 2017 review, two of which target intergenerational interactions. The third of
these games [90] targets self-esteem in individuals with Alzheimer’s or dementia
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Fig. 3 An intergenerational scenario based on the Niantic Pokémon Go mobile game, which
demonstrated multiple positive effects on elderly well-being [84]

with the dual goal of improving the individual’s self-image and thereby improving
social interaction between the individual and their caregiver. Additionally, Zhang and
Kaufman [91] and Osmanovic and Pecchioni [92] discuss that social interaction can
be a positive effect, and sometimes the goal, of playing. This concept reinforces the
notion in [93] that social interaction can act as a motivating factor in games for other
purposes, such as rehabilitation. From these examples, we see how social interaction
in play can be powerful force, whether as the aim itself, a desired downstream effect,
or a motivating factor, and is an aspect worth exploring and incorporating in future
games for the elderly.

Considering emerging and disruptive technologies, there aremany potential appli-
cations. InSect. 3.1,we sawhowpervasive gaming canbeused tohelp seniors develop
healthy exercise habits and increase socialization to avoid isolation [57]. IoT systems
can also enable a detection of obsessive–compulsive disorder (OCD) symptoms and
activate games designed to mitigate them in elderly [95]. Finally, the addition of
distractive features in virtual reality games can be useful to ease treatments for elder
people, as in the case of anxiety caused by chemotherapy [96].
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3.5 Clinical Diagnosis, Monitoring, and Assessment

Most video games offer scores and progress measures that can be used to evaluate the
conditions of the player. This is especially useful for monitoring the effects of senes-
cence on the individual skills, health, and well-being. For instance, [97] presented
an exemplary multiplatform serious game for rehabilitation of people with muscu-
loskeletal issues following surgeries or fractures or the effects of aging. The goal
of the authors was to present an engaging way to make the users perform phys-
ical exercises, while their physiological parameters (e.g., heart rate and temperature)
were monitored in real time by remote caregivers. Such an approach is quite effec-
tive for the cognitive assessment of older adults [98], overcoming issues like the
under-diagnosis of cognitive impairments, especially in ecologically-valid settings
where activities of daily living (like cooking) can be accomplished through effortful
multitasking processes [99].

Another exemplary case is offered by [100], who proposed to use video games
played by healthy older adults to detect early signs of dementia within a framework
of preventive medicine. They performed a neuroimaging study to successfully vali-
date their approach, correlating MRI observations of atrophy with lower scores in a
memory game and in the PAL test. This demonstrated how impactful memory games
can be for the early screening of pathological cognitive decline, highlighting their
advantages in terms of accessibility and cost-effectiveness.

Overall, all opportunities offered to collect data via games for the elderly can
be useful for monitoring and diagnostic functions: actions performed by the players
can be correlated to other indices, including the ones detected through IoT sensor
networks (this would enable the emergence of novel, hybrid biomarkers). Such
systems are described in Sect. 4.2, based on the idea that senior-centered game design
(a focus of Sect. 4.1) can include personalization features that require heterogenous
data for understanding the individual’s needs.

4 Perspectives on Senior-Centered Game Design

Designing game-based solutions for seniors requires the consideration of age-specific
factors to predict the adoption of this kind of system. Ijsselsteijn et al. [101] discussed
this topic after presenting the premise that older people play digital games less than
younger cohorts. The authors state that this is not directly connected to a lack of
availability of new technology or lack of interest on the part of older adults; however,
this technology must be useful for their own purposes without costs like substituting
social contacts in person with technology-mediated ones.

Furthermore, the authors consider the critical impact of age-related changes that,
in both normal senescence and pathological conditions, can lead to mild-to-severe
impairments in sensory (e.g., difficulties in visual acuity and accommodation, and
in auditory acuity and sensitivity), motor (e.g., slower response times, disruption
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of coordination and balance), and cognitive (e.g., deficits in attention, executive
function, and working memory) skills that are necessary to appropriately use and
enjoy a game or a system implementing game-based features. All these aspects
(further described in works like [102]) must guide the design of user interfaces,
input and output systems, and games for elderly in order to improve their usability
and accessibility.

Overall, it is important to consider how to implement the guidelines derived from
these observations within a structural model of a video game or of a game-based
feature that will be designed for older adults. Gerling et al. [103] described the
formal elements of video games according to previous models [104, 105], depicting
the user interface (interaction model and feedback model) as the mediator between
the player and the core game mechanics (procedures, rules, objectives, conflict)
that produce the outcome visualized through the user interface itself. Following this
model, the authors must start from the older adults’ needs (e.g., socialization through
cooperative games) and limitations (e.g., the decline in attention span, short-term
memory, and sensorimotor skills), whichmust lead the design of the gamemechanics,
possibly making them individually adjustable for including older players. The user
interface should be designed according to the changes in motor skills caused by
aging: for example, institutionalized older people may have difficulty in handling
certain input devices (e.g., pressing buttons). Graphically (e.g., visual item sizes,
contrast), the user interface elements and the feedback design should be adjusted
to the perceptual difficulties of the users. Overall, the complexity of the commands
required by the game should be reduced according to the cognitive impairments of the
older players, which should also guide the design of the game mechanics. Avoiding
a high cognitive load is compulsory, and quick reactions cannot be expected in older
players. Learning can be facilitated by adopting daily life-based metaphors, while
objectives and feedback should be explicit and clear, especially to inform the player
about the game outcome (e.g., the success score thresholds should be adjustable
according to the user’s limitations).

IJsselsteijn et al. [101] also highlight the different experience of older adults with
Information and Communication Technologies (ICTs) when compared to younger
individuals. Many retired without the need of using computers for their activities,
and they approach technological devices thoughtfully more than by trial-and-error.
These issues can directly affect the self-efficacy of seniors in playing or starting to
play a game. Such an issue requires appropriate positive feedback to encourage the
older players to master a game. This allows for overcoming their anxiety through a
game design that offers adequate time, a set of feasible learning goals, and a focus
on mastery more than judgment to make them build their abilities and strategies.
Finally, the authors of [101] consider how retirement can be experienced as an oppor-
tunity for further exploration in life, and game design must be tailored to user needs.
Age-related changes in mind, body, and roles should be analyzed with the heteroge-
nous skills, knowledge, preferences, interests, and background of seniors. This effort
requires appropriate models and frameworks to interpret the data collected through
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qualitative and quantitative research methods, especially for promoting game tech-
nology acceptance by recognizing the individual motives for playing—like seeking
a challenge [106], self-growth and learning [107], and socialization [108].

Gaming in general is gaining a wider audience, sparking the question of how to
design a game for a non-gamer. Many games have similar control systems that feel
familiar to habitual players; as new users flock to games, it is becoming increasingly
important to aid the control- and play-learning process. Tactics used successfully
in commercial games can be ported, with some modifications, to game design for
older players in order to ease their transition. Two simple examples [109]: including
a map of keys to each UI element always on screen (such as in Fortnite) or frequently
showing command reminders or hints, especially within the context of the controller
layout (such as in Breath of the Wild). The above notion is compounded when
considering game design for older individuals who have limited to no experience
with gaming. Exploring playability and player experience in older adults is a nascent
field [110] but is essential to crafting games for this population. Indeed, considering
all of the aspects mentioned above, a wholistic approach to game design must be
taken, accounting for player motivations and goals as well as physical and cognitive
abilities.

Such an approach needs a deep understanding of personal needs in real contexts
in order to tailor game solutions that can engage seniors and provide them func-
tions. Next paragraphs will propose potential strategies for senior engagement
before introducing the IoT-based opportunities offered by Digital Health in terms
of personalization.

4.1 Engagement Requirements and Strategies

In order to better understand older player motivations as prerequisites to game accep-
tance, Wang and Sun [111] proposed an Extended Technology Acceptance Model
(ETAM) to predict the effects of a set of factors on the gameplay intentions of older
adults. Comparing this to general Technology Acceptance Models (TAMs) tailored
to the needs and beliefs of the elderly [112], it is possible to identify the novelties
of the ETAM (Fig. 4). It introduces factors like game narrative (a meaningful game
experience is useful to alleviate boredom and stimulate curiosity), social interactions
(the possibility to establish contacts with other people through the game is probably
the most important predictor of gaming), and physical conditions (people who are
used to exercise tend to try games more than others).

Furthermore, age, gender, and previous experience can have a moderating effect
on game intention factors. For instance, the perceived usefulness of gaming can be
modulated by past exposure to interactive technologies. This factorwill becomemore
and more important as the cohorts of digital natives age, who are generally used to
express themselves through interactive systems, facilitating the future introduction
of games for positive aging. Interestingly, the growing practice with and exposure of
elderly people to virtual contexts lead to specific research studies involving them as
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Fig. 4 Extended Technology Acceptance Model (ETAM)—based on [111]

in [113], where the authors examined their moral foundations in decision making,
and their subsequent enjoyment, within an interactive setting. Models like the ETAM
in [111] can support the design process of games (making them more user-friendly
and adaptive) for older adults in order to promote their self-esteem, entertainment,
physical activity, and social interaction (in particular benefitting thosewho live alone)
with a positive impact on well-being. As mentioned above, social interaction is a key
factor to stimulate the gaming activity of elderly people. An ideal example of this
factor are games designed to foster intergenerational dynamics that engage older
adults and their young relatives with personalized roles and activities within the
same setting [87, 88].

Alongside social contact, another design principle exploitable to make games
engaging for the elderly is familiarity, which strictly depends on the experience of
each individual. Zhang et al. [114] proposed to counter the age-related perceived
digital divide and promote the use of exergames by inserting design features
connected to familiarity: the relationship between a person and a memory of salient
past feelings and experiences. These memories are typically recollected without
attentive effort, automatically. In particular, the authors analyzed five sub-constructs
of familiarity: previous experience with a certain stimulus, positive emotions elicited
by such a stimulus, the frequency of its occurrence, the depth and complexity of the
memory it generated, the stimulus memory retention rate (especially how much it
decreases between two occurrences of the same stimulus). Coherently, the authors,
presented five guidelines of familiarity design of stimuli, which should: (1) corre-
spond with real world, (2) trigger positive emotion, (3) be meaningful, (4) have been
presented repeatedly, and (5) recently in individual experience.

Alongside the individual knowledge defining familiarity, the basic skills of each
person should be considered before forcing any training to use a system. Accord-
ingly, game solutions can be enriched by features like natural control modalities



Video Games for Positive Aging: Playfully Engaging Older Adults 391

based on gestures [115] or tangible user interfaces [116], which offer intuitive solu-
tions that help older adults interact with the device and improve usability if they are
appropriately designed [117], especially in video games [118]. Overall, these tech-
nologies create high engagement when they involve the body [119] through motor
tasks [120] or multisensory (and especially haptic) feedback [121]. Thus, an intuitive
design based on body motion and physical stimulations can provide highly engaging
solutions in game design for elderly.

Furthermore, all design solutions should be specified according to individual pref-
erences. The type of games that are preferred by older peoplemust also be considered
following the principles of participatory design [122]: according to literature, older
adults prefer casual games and the features of this preference were investigated by
[123] through the Gaming Experience Questionnaire (CEGEQ) [124] (based on the
self-evaluation of how much older people enjoyed the game, understood its game-
play rules, learned to control the game, and made it their own). The preference for
casual games can be explained by a high compatibility with the decreased cognitive
skills of most seniors. Indeed, casual games are usually characterized by high learn-
ability, memorability, intuitive control, and simple mechanics. In particular, casual
puzzle games generate higher enjoyment than casual simulation games; both cate-
gories overtook casual action games (which require quicker reactions) in this aspect.
Furthermore, casual puzzle games were easier to control than casual simulation and
action games. Casual puzzle games and casual strategy games were also perceived
with higher ownership than casual action games.

These conclusions refer to a sample belonging to a particular cohort, characterized
by a certain set of experiences. The widespread diffusion of interaction technologies
among young people will require a continuous update of such studies because the
preferences for games will mature earlier and earlier in generations initially exposed
to these media during childhood. Furthermore, cohort studies must consider cross-
cultural differences alongside the individual preferences: the acceptance of video
games, especially in health-related contexts, can be affected by cultural factors. For
instance, Pyae et al. [125] observed differences in the overall positive experiences of
senior citizens of Finland and Japanwho played a skiing video game. Finnish subjects
showed relatively negative opinions and attitudes about digital games before the
study. Conversely, Japanese subjects appreciated video games before participating in
this study. After the experimental sessions, both groups showed an improved interest
in digital games: in particular, Japanese subjects recommended them as impactful
options for physical exercise. However, Finnish subjects recommended games as an
alternative training just when traditional physical activities are not available.

This area deserves further investigation for understanding how the self-
representation of the elder person’s conditions can affect the adoption of an appar-
ently leisurely activity as a treatment. Similar to the example presented above is the
possibility that different sub-populations may respond to and engage with a game
in a different way. For example, several studies on games have been conducted
specifically in elderly military veterans; one aimed to treat PTSD, as mentioned in
Sect. 2.1 above, another aimed to increase physical activity [126], while a third aimed
to improve balance [127]. It is worth investigating if the same intervention would
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produce the same results in a broader population (or different sub-population) or if
the principles of user-centered game design could be applied to a specific group to
guide different themes or features in these games to improve their appeal.

Overall, the heterogeneous traits of older adults must guide user-centered game
design, especially accounting for the changes caused by senescence processes. It
must be observed how most perspectives presented in this section are related to the
requirements of healthy older adults with limited impairments. However, the severity
of certain chronic or acute pathologies generates further requirements that must be
strictly investigated before designing a game for clinical testing and therapy (or to
gamify existing procedures). Thus, the heterogenous medical conditions of older
adults require specific approaches (as described in the sub-sections on clinical treat-
ments and assessments), while extending general guidelines like using somatosen-
sory games [128] to engage older adults with disabilities too must be calibrated
to the individual needs and difficulties. Moreover, since senescence facilitates the
emergence of a wide range of health issues, some of which may be severe, further
research must be accomplished to find innovative solutions.

Finally, customization and, possibly, personalization strategies could be quite
effective to improvegameusability andgameuser experience through a (respectively)
voluntary and automated adjustment to the user needs. In particular, personalization
can be based on data collected and analyzed through IoT solutions, (as introduced
in Sect. 2.2) [41]. Accordingly, the next sub-section will describe promising tech-
nological opportunities with high potential for innovating games for older adults
through personalization features based on concepts of pervasive data collection and
interaction.

4.2 Toward Ubiquitous Personalization

The technological trends discussed in this chapter offer promising opportunities
for empowering the capability of game systems (and gamified systems) to improve
quality of life for older adults and for positive aging. In particular, this sub-section
will present technologies that are not necessarily adopted for game-related uses or
tailored to elderly needs. However, they present unique features that can be exploited
for innovating game technologies for older adults.

It must be highlighted that these innovation trends take advantage of the drive
provided by the advances in entertainment systems, which are progressively intro-
ducing low-cost XR solutions. These systems require careful design improvements
for adapting them to older adults, for instance regarding the comfort of head-mounted
displays or the risk of cybersickness for the user [129], which can lead some to prefer
non-immersive solutions [130]. Virtual and augmented environments offer a high
capacity to adapt to the user’s activity and conditions while managing the interaction
of the individual with different layers of reality. They probably constitute one of
the most promising domains of enabling technologies for positive aging, with fertile
opportunities for re-defining the XR domain itself with new perspectives [131].



Video Games for Positive Aging: Playfully Engaging Older Adults 393

However, particular events, like the COVID-19 emergency, can push the devel-
opment of these interactive solutions too: for example, in terms of telemedicine for
enabling healthcare services without any hazardous contact in person, countering
the extreme conditions in which elder people found themselves. Older adults were
the main victims of this emergency because of their difficulty to fight the disease.
Furthermore, conditions of social isolation and loneliness worsened during the lock-
down periods [132], affecting the well-being of older adults especially in terms of
mental health. Gabbiadini et al. [133] discussed the helpful contribution of digital
communication technologies—including online games—during a lockdown in Italy
to enhance the perception of social support and, consequently, mitigate the effects
of isolation on mental wellness, which is confirmed by [134] with specific reference
to older adults. These gerontechnologies helped to nurture a sense of connection
between older people and relatives, friends, and caregivers. Furthermore, during the
COVID-19 emergency, video games also stimulated the engagement of older people
in meaningful and healthy activities, like physical exercise [135].

Within the context of COVID-19, special attention was paid to IoT solutions
because of their capability to monitor the conditions of the elderly and to enhance
their autonomy. This type of solution offers great opportunities to make games truly
centered around older people.

This scenario creates an opportunity for extending the pervasive impact of a
game system (for instance a virtual coach proposing tests or exercises in different
rooms) within a ubiquitous computing framework (possibly also connecting remote
caregivers and relatives). Literally, the game would follow (and engage) the older
person around the home and can adapt itself to the individual and environmental
conditions according to the data collected and interpreted in real time (Fig. 5). Such
a scenario requires further investigation, especially in terms of user-centered design,
to become an acceptable and engaging solution for the elderly.

It is worth highlighting that location-based pervasive game frameworks have
already been investigated for mobile solutions and their impact on elder people’s
health and social activities [136]. The potential of this area is enormous, in particular
if we consider how game-based solutions can be implemented within human–robot
interaction frameworks too [137, 138].

Through appropriate technological platforms [139], this approach could harness
the power of big data analytics (already used in other domains of game user research)
[140]. In this way, it would be possible to collect data in meaningful contexts and
tasks for detecting or predicting health issues through the involvement of multiple
elder players, especially considering the connection with the approach of Digital
Health.

The convergence of heterogenous technological solutions is progressively
exploited by novel approaches that address health and healthcare challenges, such
as Digital Health [141, 142]. These are systems that, for instance, can engage users
to improve their lifestyle and health, managing health-related data, and supporting
biomedical research and clinical activities. This approach is followed by Digital
Therapeutics (DTx) [143]: evidence-based, software-driven treatments designed to
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Fig. 5 Example IoT-enhanced game session

prevent andmanagemedical disorders or diseases, such as the recent casewith official
approval of health institutions [144] for video game therapy.

Recchia et al. [145] discuss how Digital Health solutions can optimize the effi-
ciency, quality, and safety of care activities, improving their costs and access. Within
Digital Health, DTx solutions are designed to have a “digital active ingredient” (the
procedure, test or exercise, that generates the clinical outcome) and a “digital excip-
ient,” constituted by technological features like reminders or rewards that can be
typically implemented through game-based solutions or through full-fledged games
to engage the patients. Overall, the DTx systems can be implemented in most digital
platforms, from smartphone apps to virtual environments. This approach can radi-
cally change themanagement of issues that typically hit older adults, due for instance
to neurodegenerative conditions [146] like Alzheimer’s disease or chronic metabolic
diseases [147] like diabetes, providing medical doctors with a preliminary option to
improve the clinical adherence of their patients through game-based engagement.

The trend of DTx can show its pervasive power especially through games based
on mobile and wearable systems: their portability enables any patient to perform
their treatments with low-cost devices that can be updated through an app connected
to the caregivers who are monitoring the individual conditions [148]. As suggested
previously, exploiting the approach of digital therapeutics to collect and analyze big
data during the daily life of the patient can help to discover “digital biomarkers” that
can be used, always within the Digital Health domain, in diagnostic and prognostic
processes and to evaluate the outcome of more traditional medical treatments. For
instance, [149] adopted this approach to identify the condition of mild cognitive
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Fig. 6 IoT and Digital
Health solutions improve
senior-centered game-based
systems with ubiquitous
personalization features

impairment (MCI). MCI is typically constituted by a perceived cognitive decline that
deeply affects the quality of elderly people’s life and can steadily progress to dementia
if clinicians do not detect it in time. The authors proposed to integrate the classical
neuropsychological tests with VR (to create an ecologically controlled simulation)
and AI solutions to analyze the collected data (patients’ kinematics) while the user
performed instrumental activities of daily living (IADL). The digital biomarkers
are based on the collected data, enabling the generation of predictive models that
identify MCI-specific patterns of motor and cognitive deficits to anticipate the most
appropriate clinical interventions. These topics are discussed in another chapter of
this book—“Neuro-Gerontechnologies: Applications and Opportunities.”

Overall, the opportunities offered by IoT sensors for collecting individual data
and of Digital Health for interpreting such information in clinically relevant terms
enable a better understanding of the senior user’s requirements and empower ubiq-
uitous personalization features (Fig. 6). These solutions can be used for improving
the general well-being of older adults (optimizing the game experience or making it
persuasive to improve their habits) or for facilitating the execution of certain reha-
bilitation procedures for elderly patients. A ubiquitous game experience that can
adapt to each individual is a decidedly powerful solution for caring and monitoring
a person via engaging and unobtrusive solutions.

5 Discussion

This chapter presented the potential of video game systems to promote positive
aging. As observed in literature, results are promising, but many hurdles remain, and
further investigation is warranted to establish the potential of game-based solutions
in improving the quality of seniors’ lives. We considered the engagement achieved
through game-based systems, their power to improve the quality of life of the elderly,
and the possibility to further promote engagement through virtual and augmented
settings. However, engagement as a function of gaming should not be taken for
granted. Indeed, user-centered game design perspectives were presented, providing
insight and solutions for improving the game acceptance of older people along-
side their experience and engagement. Design approaches should focus on adapting
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game strategies to specific needs of older people, especially in the case of patholog-
ical conditions. Furthermore, such designs should always consider the recommenda-
tions of experts to implement appropriate procedures based on valid principles and
evidence [150], contributing to a senior-centered selection of game elements.

Along with the design of the games and gamified solutions themselves, new
methods are also required for evaluating the impact and the outcome of such game-
based systems in healthcare contexts. Evaluating the results of these novel technolo-
gies, for example by conducting a meta-analysis, may not always be straightforward,
as some of the reviews in this chapter mention, in large part due to the variety of
outcome measures used. As innovations like IoT, XR, and DTx become more and
more well-known and common, implementing these solutions in a home or similar
environment will become increasingly more feasible. From the available literature
on the power of games and game-based systems in general and applied specifically
to the elderly as explored in this chapter, we believe there is cause for optimism. It is
also prudent for the field to exercise caution in deploying these novel technologies
before they are thoroughly vetted. Many elements need to be considered in eval-
uating these novel solutions, and they must be compared to each other as well as
to traditional methods in both effectiveness and efficiency to be applied safely and
ensure maximum benefit for the seniors who use them.

6 Conclusion

In this chapter,we considered the engagement achieved through game-based systems,
its power to improve the quality of life of the elderly, and the possibility to further
promote engagement through virtual and augmented settings as well as user-centered
design. A (non-exhaustive) set of application domains of this approach for older
people alongwith several specific applications were highlighted to give a sense of the
range and creativity of this growing field. We also presented two promising areas of
technological development to empower video games for seniors: connecting systems
through IoT systems supported by AI for making games pervasive and adaptive;
creating Digital Health solutions like DTx for treating health issues through game-
based features that can lead to the discovery of novel digital biomarkers of diseases
progression and therapy effectiveness. This relatively new field must continue to
evolve to adapt to the increased familiarity of the next generations of elderly indi-
viduals and to incorporate the latest advances in technology. Combining technology,
user-centered design, and games has the power to dramatically improve the lives of
older people and help them age positively.
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