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Abstract. Technology can play a key role in support of the needs of the ageing
population. In this direction, the rapid development of the ICT, and in particular
mobile technologies, offers an important opportunity to address the development
of an integrated solution to support active and healthy ageing. Whilst technology
can potentially have a significant impact on health and wellbeing, to date uptake
of digital health technologies has been problematic in a number of wide-scale
studies. Literature has cited confidence, the stigmatizing aesthetics of products,
meaningfulness of technology in the broader context of the persons’ life, ease of
use and integration into everyday routines as important factors of non-acceptance.
With the aim of overcoming the above limitation, we have gathered a multi-
disciplinary consortium to develop an integrated solution that, strongly leveraging
user participation and co-design as well as state-of-the-art technologies, offers a
virtual coach service to elderly people so that they can maintain wellbeing and
independence. The solution, in addition to being multi-technology, has the ambi-
tion of addressing wellbeing in a holistic manner taking into consideration several
dimensions. NESTORE has started in September 2017 and will last three years.
NESTORE involves 16 partners from 7 European countries. The paper presents
the approach to the research and the envisaged results.
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1 Introduction

The NESTORE (Non-intrusive Empowering Solutions and Technologies for Older
people to Retain Everyday life activity) project has been recently funded by the H2020
Programme under Strategic Challenge 1 “Health, demographic change and wellbeing”
in response to the call on healthy ageing.

The aim of the project is to develop a companion - NESTORE - that, as the mytho-
logical Nestor, can give advice to older people so that they can maintain their wellbeing
and their independence at home, based on experience and on understanding the
current situation. The experience of our modern NESTORE is based on well-grounded
psychological and behavioural theories jointly with relevant know-how on the ageing
process, while the current situation is understood on the basis of a comprehensive

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2018
P. Perego et al. (Eds.): MobiHealth 2017, LNICST 247, pp. 138-146, 2018.
https://doi.org/10.1007/978-3-319-98551-0_16


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-98551-0_16&domain=pdf

NESTORE: A Multidomain Virtual Coach for Active and Healthy Ageing 139

sensors’ system able to monitor the different key parameters. An intelligent system,
based on a cloud and leveraging Decision Support logics, will deliver “advice and
coaching”, which will be offered via the companion, embodied in a smartphone or an
intelligent tangible object, according to the user’s preferences and interests.

The core idea of NESTORE is linked to the design of pathways that, according to
user preferences and inclinations, leverage existing personal capabilities to support
healthy lifestyles and overall wellbeing.

The paper presents first an overview of the wellbeing dimensions covered by
NESTORE; the core of the paper focuses on the key concept and on the approach to be
followed in the development of the solution. An overview of the validation approach
will then be presented.

2 The Five Key Dimensions of Wellbeing

Ageing is a multi-dimensional and multi-directional process. It involves the social,
economic, physical, psychological and cognitive spheres and all these characteristics of
a person and its context is strongly interconnected. Crucial factors that affect the well-
being and along which the solution proposed by NESTORE will be developed are: (i)
physiological status and physical activity behaviour, (ii) nutrition, (iii) cognitive capa-
bilities, (iv) mental and psychological wellbeing, and (v) social interaction.

Physiological Status and Physical Activity Behaviour. Ageing is characterized by
motor function impairment such as coordination difficulty, slowing of movements, and
difficulties with balance and gait [1]. These deficits may have a negative impact on the
ability to perform daily activities and may result in a reduced independence and self-
confidence, thus increasing the risks of traumatic events (i.e., falls) and social exclusion.
Progressive and generalized loss of skeletal muscle mass and strength (i.e., sarco-
penia) is physiologically associated with ageing and has an important impact on well-
being [2]. Physical activity is a most effective intervention to counteract skeletal muscle
impairment [3]. The aerobic and anaerobic physical activities should be tailored to the
older people in order to retain or improve their cardiovascular fitness, muscle strength
and overall balance.

Nutrition. The process of ageing involves a steady decay of the metabolic flexibility
[4]. The whole metabolism is more sensitive to unbalanced diets and to suboptimal
nutrition. Ageing also involves the senescence of tissues and metabolic processes,
which results in altered absorption of nutrients together with decreased capacity in
detoxifying by-products. Therefore, during this period of life, a balanced diet together
with optimal dietary patterns is key in order to maintain the whole body homeostasis
and to overcome the naturally occurring physiological limitations of the subject.

Cognitive Capabilities. Ageing is also related to cognitive decline, one of the most
worrying age-related changes in later adulthood [5]. Whereas more knowledge-driven
domains tend to be maintained relatively well, the more biologically-driven fluid abil-
ities show average decline throughout adulthood, with accelerated decline late in life
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and prior to death. Cognitive training interventions are known to be successful in
improving the trained abilities, with little evidence for transfer to unrelated areas or real
life [6] The trainings, to be successful, need to engage older adults in novel tasks that
are ecologically valid and easily integrated into the daily life routines.

Mental and Psychological Wellbeing. Other important aspects are the preservation
of mental wellbeing of older people [7]. In order to ensure a mental wellbeing, inter-
ventions should focus on psychological factors (participation in activities that are rele-
vant to an individual’s personal goals, emotionally close personal relations, protection
of a positive sense of self through prevention of discrimination), socioeconomic factors
(i.e., financial security to meet one’s personal goals), and physical health (i.e., successful
management of physical conditions to ensure high subjective health).

Social Wellbeing. Strictly related to the previous dimension, another important aspect
is the preservation of the social capital provided by older people. The socio-economic
status, social integration and high personal competencies are related to higher subjective
wellbeing [8]. The quality of the social contacts and the availability of emotionally
meaningful social relations is, as well, an important factor to consider for a better well-
being. There is evidence that voluntary work, as well as the educational and social
activity group interventions, can improve the mental health and prevent social isolation
and loneliness among older people.

3 The NESTORE Concept

With the objective of addressing the five dimensions described above with an integrated
holistic approach, the solution will be developed in co-design with the users and will
the potential of ICT to meet their needs. Co-design will ensure that users can be
emotionally involved, thus achieving a significant step ahead in the empowerment of
citizens and in promoting and actively sustaining active ageing.

3.1 The NESTORE Vision

The vision proposed is that of NESTORE as a friend and a companion. As a trusted
friend, NESTORE can also be accepted as a coach.

NESTORE knows me and understands my emotions. We have only recently met,
but it is as if we have known each other for our entire life. It is really an empathic and
emotional relation that has been developed. I know you can count on him for the right
support, for that one hint of encouragement when my will is not strong. Now it is really
much more fun to take a walk, to perform those boring exercises needed to keep in good
shape; thanks to NESTORE my social life is still active and I have even met new friends.
Occasionally we play together and that also exercises my brain. He is there when I need
him, but he also understands when I want to be left on my own. NESTORE really is the
“answer” to my needs.

NESTORE is capable of valorising the capabilities of the person and helps him/her
to select the vocational path along the five dimensions of the well-being profile, i.e.
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nutrition, physical activity, cognitive, social and mental. NESTORE is also aware of the
family ties and leverages them to add a human touch to the technology based service
offering.

3.2 The NESTORE Services

This section provides an overview of the potential services NESTORE can provide to
the target audience, and what is meant by “pathways of wellbeing”. NESTORE is
designed to address the needs of the older people of tomorrow, therefore the solution
must be flexible to include technologies yet to come, and it must offer open and stand-
ardised interfaces so that new services — meeting new needs and preferences - can be
offered by third parties. Computer literacy and capabilities to use technologies will also
increase in the future. To better understand the users, the consortium will conduct focus
groups, not only with people that today are in target (i.e. over 65) but also with people
that today are in their 50ies, to understand how they see their future and what would be
on target in 15 years and more from the present time.

Typical users of NESTORE are people that are familiar with modern technologies,
are in a reasonably good health, have recently retired or about to retire and have a social
life they want to keep. They remain users of NESTORE throughout the process of
ageing. With age, NESTORE knows the person, becomes aware of possible degradation
of functional capabilities and provides suggestions and services to compensate such
shortcomings.

To start the initial definition of services, NESTORE works on the assumption that
older people recently retired want or need to find new interests: new life, new challenges!
They also have finally time to cultivate better existing interests. The theoretical base for
the design of the solution starts from the Selection, Optimization and Compensation
(SOC) model [9] that outlines general-purpose processes of specialization by selection
of developmental pathways, preferences or goals. According to SOC, the goal of
NESTORE is to empower the latent reserve capacity of older people to limit the age-
related loss of skills, in relation to the 5 dimensions addressed by NESTORE. To foster
motivation, NESTORE helps the user to select and identify a final purpose “the well-
being pathway” (based on the risk perception, self-efficacy and outcome expectancies);
it then facilitates the action planning and the maintenance of self-efficacy through the
provision of a set of actions aimed at the achievement of the goal. Finally, NESTORE
monitors the user’s progresses in order to propose recovery actions in case of impedi-
ments or actual loss of motivation.

Adopting SOC, NESTORE will define specific pathways that meet user preferences
and whose aim is to allow reaching, by the older people, the maximum capacity of their
latent reserve, that guarantees an active and healthy ageing. Such definition is related to
the Selection component of the SOC model. It will then identify the building blocks that
specify each pathways; this is related to the acquisition, application and integration of
resources involved in attaining a higher level of functionality (internal or external) in
all the dimensions (Optimization). Such building blocks can be represented as possible
actions that the user shall perform to pursue its pathway and that are suggested, moni-
tored and provided by the Virtual Coach. Finally, NESTORE monitors the user’s level
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of motivation and engagement and intervenes to restore and manage impediment or loss
of motivation (Compensation).

Following the approach described above, the following example of service provision
scenario can be devised:

John is 65 and has recently retired. He loves gardening and now that he is free, he
would like to spend more time in his garden. Mary, his wife, has in mind some renova-
tions that have been postponed due to lack of time, bad weather, etc. In addition, doing
some exercise in the garden will help to keep fit.

Gardening is the topic of the coaching activity selected by John. NESTORE has
learned about the interest in gardening on the basis of John’s profile and John has
confirmed this. By means of the profile data and other data coming from observing the
user, NESTORE sets quantitative goals that optimize John’s health and wellbeing status
according to the NESTORE Integrated Wellbeing Model and proposes a set of activities
that foster the achievement of the defined goals. NESTORE then monitors John’s
progresses in order to outline and manage the possible loss of motivation. The services
proposed by NESTORE come from a combination of required activities according to
the Integrated Wellbeing Model, i.e. the need to perform certain physical exercises to
keep muscle strength or to maintain the cardio-respiratory function, to ensure a certain
level of social activities, etc.; these services will support the user in performing them
within the topic of gardening, making them more pleasurable for the user. As John
performs the activities proposed by NESTORE, he can gain points on the NESTORE
system that will reward him with new services, such as e.g. discounts. Indeed, offering
open interfaces to third parties, service providers may join the NESTORE network, so
that they can advertise their services directly on the platform, and join the stakeholders’
network. Within NESTORE we will develop a limited number of potential pathways,
based on the results of the focus groups. Such pathways will be demonstrated and tested
in the pilots.

3.3 The NESTORE Technologies

In order to achieve such an ambitious vision, the research brings together different tech-
nologies and resources from several European partners and leverages the most advanced
state of the art technologies. With a bottom-up approach, the following areas of research
are addressed:

o Information gathering technologies, to learn things about the user. Here we
include Sensing Technologies with a wide approach, including passive and active
monitoring, based on a pervasive IoT. We aim at knowing the user “intimately”
therefore we want to understand habits, feelings and emotions, the environment, the
social life and other key information about the user, including — of course — the health
status. According to a human model that covers the five dimensions of the NESTORE
interventions, we will investigate several conventional and unconventional sensing
technologies that can generate data about the user achieving advanced personalisation
of the solutions and related service offerings. Such technologies include wearable
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sensors, cameras, environmental sensors, social networks, games, etc. The actual
selection will be guided by the results of focus groups with users.

o Technologies for information analysis to understand the user and to generate
the appropriate feedback. NESTORE will support the development of pathways
of wellbeing, proposing different actions and services and then coaching the user so
that motivation can be sustained in time. The data collected are analysed by a decision
support system (DDS) that determines the type of intervention. The NESTORE DSS
will be based on a three-layer structure: (1) a short-term analysis that analyses data
on a daily basis; (2) a long-term analysis that looks at trends and is able to detect
change and adapts the coach in the long term, following the changing needs of people
as they age; (3) a combined short and long-term analysis to provide personalized
plans as part of the Coaching function.

o Technologies to convey the feedback to the users, i.e. the Coaching System, the
embodiment of NESTORE. From the point of view of the user interaction
NESTORE combines different modalities (tangible voice and touch) and different
devices (smartphones, tablets, PCs, smart TV, etc.). Within the project we will inves-
tigate the use of tangible objects that may favour an affective interaction, supporting
the user in a continued use of the system. Gamification mechanics will be used to
support motivation, rewarding the users for positive behaviours.

o Technologies to deploy and control sensing environments: Pilot Sites. All the
technologies used and developed will be integrated to offer an intelligent system easy
to configure, deploy and replicate in various pilot sites. Existing IoT platforms and
cloud infrastructures represent today a viable solution to implement features envi-
sioned by Smart Environments concept. Cloud services will be beneficial for two
reasons: (1) there are fewer components deployed at home/site. (2) A unified view
is offered for geographically distant sites. The management and configuration of the
pilot site are simplified because less local interventions are required. The intelligence
of the system is deployed in the cloud and the Control Centre interacts with the cloud
to transparently tune or upgrade the system.

4 The NESTORE Methodology

4.1 Co-design and Participatory Approach

The methodological approach followed in NESTORE provides for users to be involved
in the design of the solution throughout the project duration. The methodology adopted
draws on the value of ‘thinking with things’ as a means to build an understanding of the
factors end-users identify as being important in the design of digital health services and
devices.

Literature highlights that the reason for non-acceptance of health technologies is
complex. The role of the design is to better understand the broader physical and social
environments in which services and technologies will operate and how they relate to the
contexts of the end users’ lives. NESTORE will adopt co-design tools and methods that
will seek to engage and elicit information related to perception, acceptance and usability
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of technology to support healthcare. Such methods have been shown to be beneficial in
the evaluation and design of health-care interventions [10].

4.2 Development of the Solution

Development of a multi-domain unobtrusive monitoring system, to monitor phys-
iological and behavioural data related the five domains of wellbeing. Technical solutions
based on advanced non-invasive monitoring systems, such as wearable and environ-
mental sensors (indoor/outdoor), multifunction tangible objects, serious games, will be
optimized and integrated. The Wearable monitoring system includes sensors suitable
for end-user self-operating and allowing for an accurate assessment of meaningful
physiological parameters. The Environmental monitoring system includes sensors for
indirect monitoring of behavioural information, related for instance to nutrition, daily
living activities patterns, physical activity, etc. Multifunction tangible objects include
sensors suitable for indirect recognition of emotional and mental status. The Serious
games integrate sensors suitable for monitoring cognitive abilities, such as memory
performance or verbal fluency.

Development of an intelligent and innovative ICT Decision Support System
(DSS), able to analyse the seniors’ behaviour, tracking changes and compliance to active
ageing guidelines, providing personalized target behaviours towards the adoption and
maintenance of healthy lifestyle. For such a system to work effectively as a DSS,
person’s goals, overall cognitive/physical/mental and social status need to be assessed
together with a profile of a person’s daily life activities monitored using technology-
based tracking systems in order to provide a reference frame and basis for the DSS that
includes an individualized real-life approach rather than a mere population-based
approach based on maximum performance laboratory-based assessments.

Development of an active coaching system, which, based on the user profile and
needs, stimulates and engages older people with personalized coaching activities in a
single or multiple wellbeing domains, following the Selection, Optimization and
Compensation (SOC) model [9]. The coach will provide the necessary information to
appropriately support the different phases of the behaviour change intervention,
following the health action process approach (HAPA) [11]. The coach will be developed
as aconversational agent able to assume different forms. In particular, it can be embodied
in a physical companion that aims at establishing a trustful and affective communication
with the user through multimodal communication channels. The emotionality of the
communication can be supported by affective interactions with the coach, both through
physical interactions with the tangible embodiment of the coach and through the
semantic analysis of the conversations between the user and the coach.

System Validation. The solution will be investigated with the target user communities
in three EU locations (Spain, Italy and The Netherlands) in order to take into account
differences concerning nutrition habits and lifestyles as well as the cultural and social
environment. The system will be tested in terms of usability and ease of user interaction,
acceptability and effectiveness.
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4.3 Validation of Solution Through Pilots in Real-Life Settings

Because of their different social organisation, end-user’s recruitment will be based on
participation of different entities and networks of each piloting sites, such as: older
people associations, senior networks and volunteers’ associations, primary care centres,
and general practitioners, neighbourhood nurses, third age universities, social care
providers, seniors’ centres.

Different tools will be used in the piloting phase to collect the user’s needs and
preferences that the resulting ICT platform should take into account. The results of these
tools execution will be considered including different functionalities and/or components
of the platform. The first user testing will be focused on showing to the user the imple-
mented functionality considering the requirements collected from the questionnaires and
focus groups, on finding out if the User interface design (UI) concept was understandable
and on verifying if they see the resulting service as something necessary and usable.
This testing validated the functionality included in the prototype and allowed a refine-
ment of the requirements collected in the focus groups and questionnaires, involving
new functionalities and changes/additions of architecture components.

To evaluate the correctness of the measurements provided by the NESTORE’s
monitoring system, a measurement validation process will be carried out comparing
measures obtained by sensors and devices with standardized measures including the
same type of information obtained by standardized and validated tools.

The effectiveness of the coaching activity proposed by NESTORE will be evaluated
in a sub-study. We will add some other assessment variables to analyse the impact in
each one of the 5 domains included in NESTORE. Some complementary measurements
will help to provide information on possible positive effects on the body produced by
using the NESTORE platform.

5 Conclusions

NESTORE has the ambition to offer a solution that addresses healthy ageing with a
wide-reaching and integrated approach, and by testing such solution in real-life settings
in order to accelerate the process for digital innovation and to achieve wide acceptance
by the target audience. The proposal has also the ambition to contribute to some aspects
of the strategy of Triple Win for Europe, with specific attention to the older population.

e Improve the health and quality of life of citizens; by providing a solution along
the concept of “wellbeing pathways” supporting senior citizens not only to keep their
health but also to improve their quality of life with personalized and meaningful
suggestions that encounter their preferences and fulfill self-achievement.

e Support the long-term sustainability and efficiency of health and social care
systems; by providing a solution that allows people to live longer in their homes and
a system that eases communication with the surrounding social.

e Enhance the competitiveness of EU industry creating economic growth oppor-
tunities and jobs in the Silver Economy; NESTORE aims at providing an open
solution that allows the provision of services by third parties by means of open APL.
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In this manner novel services can be designed by innovative companies to reach a
market that through NESTORE can offer loyalty programs. NESTORE therefore
offers growth opportunities to innovative SMEs in the health and social care field.
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