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ARTICLE INFO ABSTRACT

Keywords:

Introduction: The reduction of the older people’s self-sufficiency and the increase in the need for help in daily
activities has a significant impact on the person and their caregivers. The primary objective of the GUARDIAN
project is to enable the older people to live as long as possible at home, by means of the GUARDIAN socio-
technical platform.

Methods: and Analysis: The GUARDIAN platform consists of two connected apps: one dedicated to the caregiver
(Caregiver App) and one dedicated to the older people (Senior App), plus a robot (Misty II), to provide coaching
in an engaging modality. The study is designed as a technical feasibility pilot to test the GUARDIAN system on a
group of older people.

Discussions: The proposed solution reflects the real wants and needs of the older people person, increasing the
acceptability of the system. In addition, the GUARDIAN project has the potential to have distinguished two
phases of testing, so that changes can be made to the platform between the first and second phases, using data,
both qualitative and quantitative, collected after the first phase.

Ethics and dissemination: The study was approved by the Ethic Committee of the IRCCS INRCA. It was recorded in
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Empowerement
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ClinicalTrials.gov on the number NCT05284292.

1. Introduction

The demographic curve in Europe has been clear for several years
now. In fact, it is estimated that in 2050 the number of over-65s will
increase significantly, from 12% in 2015 to 22% in 2050 [1]. This de-
mographic shift will bring with it the need to make changes in the
economic, social and care management of the older people. First, as the
average age increases, so does the tendency of the older people to want
to live alone [2,3]. Indeed, it has been observed that the major concern
of the over-65s is increasingly becoming the loss of autonomy and in-
dependence, related to their refusal to leave their homes and move, for
example, to hospices [4]. Obviously, this trend will inevitably lead to a
reduction in social network and engagement in social activities [5] and
several researches have shown how social isolation and loneliness are
important predictors of worsening health, both physical and mental, and
thus mortality [6,7]. Actually, some studies have demonstrated how

* Corresponding author.
E-mail address: e.maranesi@inrca.it (E. Maranesi).

https://doi.org/10.1016/j.conctc.2022.101024

these two variables are linked to depression and anxiety [8,91, psycho-
logical distress [10], deterioration of cognitive function [11], as well as
cardiovascular disease [12] and reduction of healthy and healthful be-
haviors [13].

The demographic trend will inevitably lead to an increase need of
assistance from the population to the various national health systems,
which will find it very difficult to respond to all requests due to a strong
shortage of health workers [14].

Cognitive decline, physical frailty, and organic diseases limit the
aging person’s independence and thus increase the caregiver’s workload
[15] Another aspect to consider when talking about the consequences of
aging, not only pathological, concerns all those daily activities that in
old age become difficult for the person to perform independently. Ac-
tivities such as remembering to take medication, following a proper diet,
maintaining a routine as much as possible, proper sleep hygiene-these
are just some of the main aspects to consider when talking about a
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person’s autonomy and independence [16]. The reduction of the older
people’s self-sufficiency and the increase in the need for help in daily
activities has a significant impact on the person and their caregivers
[17]. The most common negative aspects include lifestyle changes, loss
of self-esteem, caregiver burden and stigmatization, all of which can
have a impact on health and quality of life [18]. As suggested in the
literature [19,20] to try to maintain optimal cognitive and physical
functions for as long as possible it is suggested to intervene on some
factors, by encouraging a balanced diet, stimulating the development of
regular physical activity, trying to maintain an adequate social network
and being engaged in activities that stimulate cognition.

All this led to research into solutions in the field of technology [21,
22], research that led to the concept of Ambient Assisted Living (AAL).
The idea behind it is to make use of innovative technologies to support
the older people and help them to live autonomously and independently,
to keep themselves socially engaged and physically active, so as to
improve their quality of life [23], and, at the same time, reduce the
burden and workload on both families and the health care system [24].
Specifically, when referring to AAL, it refers to a set of technological
solutions, such as sensors, computers, social robots, and telehealth de-
vices, the purpose of which is to provide the person with greater
well-being and health [25]. Depending on the person’s needs, AAL
technologies can then be useful to intervene during all stages of aging
[26] by restoring the older person’s control over his or her daily life,
social, and environment [27], through tools such as wearable devices
such as smartwatches or bracelets, fall detection devices, reminder de-
vices, and smart homes. In this context, a key role is played by social
robots, which can support the seniors by acting on multiple fronts,
health care, companionship, assistance with physical activity, and social
engagement [28,29]. These technologies appear to be promising in
terms of acceptability and effectiveness [30] and it is from these pre-
mises that the GUARDIAN project is initiated.

The primary objective of the GUARDIAN project, funded by the
Europe AAL programme, is to enable the older people to live as long as
possible at home, by means of the GUARDIAN socio-technical platform.

The proposed project is significant in several respects. First, the use
of GUARDIAN will allow older people to take an active role in self-
management of the own health and the active participation in the
decision-making process, by improving the quality of life, autonomy and
prolonging the stay at home. Secondly, the project aims to improve the
communication between the older people and careers.

The study is divided into two experimental phases, in order to allow
the prompt resolution of usability problems as soon as they are detected
by the older participants, to improve the overall user experience and
guarantee the acceptance of the technological solution. The GUARDIAN
platform consists of two connected apps: one dedicated to the caregiver
(Caregiver App) and one dedicated to the older people (Senior App),
plus a robot (Misty II), to provide coaching in an engaging modality. The
application of the caregiver offers the opportunity to monitor the well-
being and activities of the older person from remote, reducing its
workload and improving the feeling of security of the caregivers.

Misty II is deployed in the homes of the older people, with aim of
detecting the presence inside the home, reminding appointments,
assisting in his daily activities and diminishing the sense of loneliness.
The application dedicated to the caregiver receives the data and self-
reports of the older people from the robot, in order to constantly offer
an updated picture of the condition of the older people and to keep them
informed about their condition and well-being. During the set-up phase,
the participants decide the information to be shared with the caregivers.
The project also includes the formal caregiver’s perspective.

The trial will be carried out in three countries (Italy, Switzerland and
the Netherlands). Table 1 shows the subjects recruited in the various
countries participating in the trial.
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Table 1

Experimental sites and number of subjects recruited in each site.
Experimental site Alpha Phase Beta Phase
Switzerland 4 seniors 10 seniors
Italy 4 seniors 10 seniors
the Netherlands 4 seniors 10 seniors
Total 12 seniors 30 seniors

Table 2

Outcomes and clinical assessments.

Outcome(s) Clinical assessment

Primary: Acceptability of the Guardian platform

Secondary: Reduction of the care load of the informal
caregiver and the number of hours of care for the older [33]
people

Secondary: Impact of technology on users

Secondary: Perception of product ethics by the older
people

Secondary: Caregiver’s Decrease in Stress and Anxiety

UTAUT [32]
Zarit Burden Interview

Ad hoc questionnaire
Ad hoc questionnaire

General Anxiety

Disorder-7 [34]

Secondary: Quality of life of the older people EQ5D -5L [35]

Secondary: Feeling of being connected to others, of being ~ Social Connectedness
able to have interpersonal relationships Scale

Secondary: Quality of life SF-12 [36]

UTAUT= Unified Theory of Acceptance and Use of Technology; EQ5D -5L =
European Quality of Life-Five Dimension-Five Level Scale; SF-12 = Short Form
(12).

2. Methods and Analysis
2.1. Trial design

The study is designed as a technical feasibility pilot to test the
GUARDIAN system on a group of older people. In both phases the
presence of a formal caregiver is expected.

2.1.1. Alpha phase

In this phase, the users and their caregivers use a first version of the
GUARDIAN platform, for three months. The results and feedback from
the Alpha trial will give indications to improve and refine the platform.
In this phase the robot Misty II, the Senior App and the Caregiver App
will be tested.

The Senior App will allow the senior to:

— receive programmed reminders from the caregiver via the applica-
tion at its own discretion

— communicate to the caregiver their general well-being and the ac-
tivities carried out

— send self-reports about the quality of sleep

— receive tips for daily activities

— express needs and requirements

— send and receive messages from the caregiver.

The aim of the Senior Application is to provide direct feedback to the
caregivers based on the seniors’ answers, reported from the tablet
application. The web application (guardian.jef.it) runs in every browser
from which it is possible to download the app version, easily accessible
by the shortcut on the tablet’s home. The senior application is necessary
because the robot-user communication is unidirectional: the communi-
cation channel is established from the robot to the user and not vice
versa. The user can voluntarily report feedback or answer robot’s re-
quests through this application (Fig. 1). The questions to be answered
are about: quality of sleep, wellbeing, meals and medication intake.
Furthermore, on the home menu, other two buttons (volume settings
and appointments) are present in order to adjust the volume of the robot
and to view appointments. When a question is asked (i.e. displayed), the
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Followup: reasons for poor sleep quality

Bad sleep:
cannot get to
sleep within 30
minutes

Bad sleep:
cannot breathe
comfortably

Bad sleep: feel

Bad sleep: wake
up in the middle
of the night or
early morning

Bad sleep: cough
or snore loudly

Bad sleep: have
too hot pain

Bad sleep: have
to get up to use
the bathroom

Bad sleep: feel
too cold

Bad sleep: other

Fig. 1. Senior App interface.

robot speaks it loud, since it is synchronized with the Senior Application.
In the same way the robot congratulates or thanks the user when an
answer is entered.

Each question can have one or multiple answers. In fact, after
answering some questions negatively, the older adult can be asked to
answer some follow-up questions (e.g. if the first question is “How are
you feel?” and the senior answers “Not so good” follow-up question can
be “Are you in pain?").

The login screen the tablet application is only shown at the instal-
lation phase, in order to avoid accidental logouts by the clients. The
login is done by inserting the client Identification number (Client ID)
generated in the Caregiver Application setup and the robot serial num-
ber (Robot Code). This process aims to “assign” the robot to the given
client, disconnecting it from others if necessary. In addition, there is only
one possible Senior Application connected to the user/robot at any given
time.

The Caregiver App will help the caregiver to:

— stay up to date and informed about the status of the older person
— send reminders to the older people about proper nutrition

— reminding the older people of their commitments

— remind the older people when to take certain medications

— ask for feedback on sleep quality and overall health

— send and receive messages to and from senior.

The caregiver application is the instrument that aims to help the
formal and informal caregiver to easily monitor seniors during their
daily activity.

To easily cluster users, all participants will take a role in one or more
Care networks. Actually, one senior is one care network, and that care
network can contain multiple (in)formal caregivers. All caregivers
belonging to the care network will have the ability to see the client
overview and communicate with the older adult, according to permis-
sions allowed by the older adult. The Administrator can add a new Se-
nior, creating in this way a new network. On each network he can add/
edit/remove users within a seniors’ network. Each network has its own
ID number, that is used to login a senior in the Senior App. To properly
track senior and customize insights tracking for a senior, the Caregiver
settings section will help caregivers to set up routines for each senior
individually.

All data that is needed by or created via the caregiver application is
stored in the Guardian database.

Caregiver user can define when senior users will be prompted with
report requests, by defining interval during which this request will be
active (e.g. one month), frequency of the request (e.g. every day), and
time of the request. The Caregiver can define the exact time when that
request will be prompted or the related action (e.g. reminding the

medication after lunch).

The Caregiver App’s back-end is the link between the caregivers’
front-end application and the database. It is a so-called REST API which
provides a number of actions, like “get the calendar” or “save this
report”, that can be launched by the front-end application. The back-end
application receives the request from the front-end and performs all
database actions necessary to send back the data or to save the update.
The back end validates the request and the data, e.g., checking that the
user is logged in and has access to the data, or that the data conforms to
built-in rules.

The back-end application can send reminders and notifications using
a built-in scheduler that regularly checks if a notification needs to be
sent, based on the selections made by the caregiver, that are stored in the
database. Notifications are sent in the form of emails.

Technological stack that is used for the Guardian Caregiver backend
is:

- Java programming language

- Spring as development framework
- MySQL database

- Tomcat application server

The Caregivers front-end application is characterized by two parts:

- Guardian Management Tool
- Guardian Caregiver App.

The Guardian front-end caregiver App is the primary way how (in)
formal caregivers will get information that was collected in the system.
Each activity in the system is recorded in one of the Care networks. The
caregiver app consists of some main sections:

e Overviews

In the overview section (in)formal caregiver can get an overall pic-
ture of how the senior is doing. By just looking in the dashboard graph
caregiver can get information if the senior is needing his attention or
not. An overview about senior’s answers and self-reports is available in
the form of a timeline graph populated with colored dots. In the over-
view it is possible to:

- Set the view per week or month

- Click through weeks/months

- See all the reports in the same graph (meals, medications, quality of
sleep, wellbeing) or one field only;

The code of color is as follows:
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- Green: Senior indicated that medication/meal has been taken or
quality of sleep/wellbeing is positive

- Orange: Senior indicated that medication/meal hasn’t been taken or
quality of sleep/wellbeing is negative

- Red: No self-report is received

By pointing at the dot, it is possible to read details about that answer/
self-report (e.g. if pointing at “wellbeing very bad”, it will appear the
cause in case the senior specified).

o Self-reports

The main way how Guardian will collect data is via self-reports. User
can at any point in time by using the senior application report its own
well-being, quality of sleep, medication, or food intake. If some report is
not submitted in a defined period of time, the system will create a report
request for a senior and ask him to submit a self-report. Also, caregivers
can at any point in time via the Caregiver application request a senior to
send him some information that is needed in his assessments.

e Reminders

The caregiver is able to set reminders and monitor if the senior is
fulfilling that via the Caregiver app.

e Notifications

To ensure that Caregiver react on time, and based on the specified
settings, the caregiver can receive an e-mail based on the number of
times that a senior hasn’t submitted a self-report and/or has indicated
that medication/meal hasn’t been taken and/or quality of sleep/well-
being is negative. The same message as in the notification will also be
displayed below the graph of the intake pattern.

“[name senior] has not taken the medication [name medication] for
[x] times in a row”

“[name senior] has not submitted a self-report on medication [x]
times in a row”

The GUARDIAN Socially Assistive Robot (SAR) will be able to:

— Detect the presence of the older people person in the room by voice
recognition

— Communicate reminders and messages via a sound chosen at the
installation stage

— Send feedback from the older people to the Caregiver App.

In fact, thanks to the built-in high-resolution camera on-the-edge
face detection and face recognition capabilities are ensured. Misty has
a built-in array of three far-field microphones that can use to record
audio and get positional information about the sounds in her environ-
ment. With beamforming, you can filter out sounds (like music) that
Misty detects at an unspecified angle. Finally, centered in Misty’s visor is
a high-resolution camera that can be used to take pictures and record
videos. In order for the interaction between the older people and Misty II
to be as smooth and natural as possible, audio and video systems will be
integrated into the robot, so as to obtain information about the state of
the older people from multiple channels at the same time.

The purpose of this Alpha phase is to understand how the older
people react to the use of this new technology and what are the variables
to keep under control and, possibly, to be changed. Technical changes
will improve the overall experience of the older people with the
GUARDIAN platform, especially the usability of the graphic interface,
such as moving icons, color improvement, insertion of elements on the
screen. These implementations will be carried out exclusively to in-
crease patient engagement, to allow better communication of needs,

Contemporary Clinical Trials Communications 30 (2022) 101024

moods and perceptions.
Specifically, we expect these changes to cover certain aspects:

— improved interface with more appropriate colors, volume setting,
improved application architecture to improve application experience

— development of a motivational system that stimulates the patient to
lead a more active and healthy life, proposing various types of
activities.

— addition of monitoring of daily activities carried out by the older
people.

The evaluations will be carried out at the Baseline (T0) and then
every month, for three months (T1, T2, T3).

2.1.2. Beta phase

During this phase the platform will be tested for 3 months. The
evaluations will be carried out each month, from the baseline to the end
of the trial (TO, T1, T2, T3).

2.2. Study setting: the Italian site

The study will be conducted at the Clinical Unit of Neurology of the
Istituto Nazionale Ricovero e Cura per Anziani IRCCS INRCA, Ancona,
Italy. The last version of the current protocol is dated on September 3rd’
2021.

2.3. Participants

Once the informed consent is obtained in duplicate, the compliance
with the criteria of inclusion and exclusion of the study will be verified
and the baseline evaluation will be carried out with the questionnaires
and clinical trials provided by the study design, and we will start with
the trials planned by the study. The inclusion criteria will be:

- Aged 65 years and over;

- Capacity to consent;

- Mini Mental State Examination >24 [31];

- Have an informal caregiver to support you in carrying out the main
daily activities;

- Healthy sight and hearing.

The exclusion criteria will be:

- Failure to meet the inclusion criteria;

- Concomitant participation in other studies;
- Lack of written informed consent;

- Lack of informal caregivers;

- Sight and hearing not intact.

2.4. Recruitment and procedure of the Italian setting

Patients will be selected by the outpatient department at the Clinical
Unit of Neurology, of IRCCS INRCA, in the Ancona branch. These pa-
tients will be contacted to schedule a visit with the clinical team. Once
the compliance with the inclusion and exclusion criteria of the study will
be verified and the informed consent will be obtained, the doctor will
proceed with the baseline evaluation. The trial will start in April 2022
and is expected to end in December 2022.

2.4.1. Alpha phase
The Alpha phase will be divided as follows:

2.4.1.1. Recruitment (R). The following activities will be carried out:

— Informing participants and signing informed consent
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— Verification of inclusion/exclusion criteria
— Completion of the socio-demographic questionnaire.

2.4.1.2. Start of treatment visit (T0). The following activities will be
carried out:

— Installation of the robot at the home of the older people
Explanation of the platform to participants

— Meeting with the older people, the informal caregiver and the formal
caregiver to determine what information to share about the older
people

Patient assessment with dedicated tools and questionnaires and de-
mographic data.

2.4.1.3. Visit after the first, second and third months of the trial (T1, T2,
T3). The following activities will be carried out:

— Control of the operation of the platform

Patient interview, formal and informal caregiver

— Information collection through databases

— Patient assessment using scales and questionnaires.

2.4.2. Beta phase
The Beta phase will be divided as follows:

2.4.2.1. Recruitment (R). The following activities will be carried out:

— Patient information and informed consent
— Verification of inclusion/exclusion criteria
— Completion of the socio-demographic questionnaire.

2.4.2.2. Start of treatment visit (T0). The following activities will be
carried out:

— Installation of the robot at the home of the older people
Explanation of the platform to the care triad

— Meeting with the older people, the informal caregiver and the formal
caregiver to determine what information to share about the older
people

Patient assessment with dedicated tools and questionnaires and de-
mographic data.

2.4.2.3. Visit after the first, second and third months of the trial (T1, T2,
T3). The following activities will be carried out:

— Control of the operation of the platform

Patient interview, formal and informal caregiver

— Information collection through databases

Patient assessment using scales and questionnaires.

A summary of all data collected and when these are collected is
provided in Table 3, Table 4 and Table 5.

2.5. Intervention

The intervention involved two caregivers (one formal and one
informal) and the patient. During installation, the operation of the ap-
plications (Senior App and Caregiver App) and the operation of the
Misty Robot are shown. GUARDIAN platform was being installed by a
team of researcher (a psychologist, a biomedical engineer and a
physiotherapist).

Caregivers can enter reminders useful to the patient for maintaining
his or her health such as taking medication, meals, and advice on
physical activity. The informal caregiver also has the ability to remind
the patient of appointments for the week. Caregivers (formal and

Contemporary Clinical Trials Communications 30 (2022) 101024

Table 3

Tools for collecting data from the subject during the Alpha and Beta phases.
Dimension Scales R TO T1 T2 T3
Ethical Design On-line questionnaire v v v v
Technology Impact Nurses Questionnaire v v v v
Health Perception SF-12 [36] v v v v
Quality of Life EQ5D -5L [35] v v v v
Technology UTAUT [32] v v v v

Acceptance

Social Connection SCS [37] v v v v

AN
AN
AN
AN

Availability of
payment

On-line questionnaire

Cognitive status MMSE [38] v
Socio-demographic v
questionnaire

R = Recruitment; TO = Start of treatment; T1 = after the first month; T2 = after
two months; T3 = after three months; SF-12 = SF-12 Health Survey; EQ5D -5L =
European Quality of Life-Five Dimension-Five Level Scale; UTAUT= Unified
Theory of Acceptance and Use of Technology; SCS= Social Connectedness Scale;
MMSE = Mini-Mental State Examination.

Table 4
Tools for collecting data from the informal caregiver during the Alpha and Beta
phases.

Dimension Scales R TO T1 T2 T3

AN
AN
AN
AN

Caregiver burden Zarit Burden Interview [33]

Stress and anxiety GAD-7 [34] v v v v
Technology TAM [32] v v v v
Acceptance
Cognitive status MMSE [38] v
Socio-demographic v
questionnaire
Technology Impact Nurses Questionnaire v v v v

R = Recruitment; TO = Start of treatment; T1 = after the first month; T2 = after
two months; T3 = after three months; GAD-7 = Generalized Anxiety Disorder
Scale; TAM = Technology Acceptance Model; MMSE = Mini-Mental State
Examination.

Table 5
Tools for collecting data from the formal caregiver during the Alpha and Beta
phases.

Dimension Scales R TO T1 T2 T3

Stress and anxiety GAD-7 [34] v v v v

Technology TAM [32] v v v v
Acceptance

Time spent caring Reduction in the number of v v v v

for the older
people person

hours devoted to caring for

the older people person (i.e.

not to be understood as a
reduction in the number of

hours devoted to social

relations with the person

being cared for)
Socio-demographic v
questionnaire

Technology Impact ~ Nurses Questionnaire v v v v

R = Recruitment; TO = Start of treatment; T1 = after the first month; T2 = after
two months; T3 = after three months; GAD-7 = Generalized Anxiety Disorder
Scale; TAM = Technology Acceptance Model.

informal) can update each other via chat and report any patient
problems.

The patient responds to the reminder by interacting with the app
installed on the tablet, which sends the feedback to the Caregiver App.
Misty detects the older people’ presence in the environment and sends
the reminder only when the person is present.
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2.6. Platform description

The GUARDIAN platform wants to enable the older people person to
live as long as possible at home, supporting their autonomy, while
reducing the caregiver’s burden of care. The GUARDIAN platform con-
sists of the Senior App, the Caregiver App and the Misty II robot.

2.6.1. Senior app

It is an easy-to-use application that will ask the older people for
health status, whether they have carried out their daily activities, if they
have taken pre-establish able drugs and if they have eaten properly. The
application will generate self-reports that will be transmitted to the
Caregiver App. The older people can self-report their activities or answer
the questions via a tablet (Fig. 1). The tablet will be handed over by the
research team to the older people, and once the trial is finished it will
have to be returned.

2.6.2. Caregiver app

It is the application intended for the caregiver, in which (s)he can set
up reminders for the older people about meals or drugs, send commu-
nications and ask for reports on his health. It is not necessary to
download the app on your device, but simply connect to the website
http:///caregiver-guardian.onlyoneif.com/authentication/login ~ and
log in with the credentials related to the robot. Fig. 2 shows an example
screenshot in the caregiver application. This application will be used by
both the informal caregiver and the formal caregiver (health care pro-
fessional). GUARDIAN SAR.

The GUARDIAN SAR is the robot that will complete the platform. The
GUARDIAN consortium agreed to use the Misty II robot. Misty II has a
wide range of functionalities that can be activated by the site (http://sdk
.mistyrobotics.com/), including face detection and recognition and
listening and communication through voice. The robot will become a
user stress sensor through interaction, voice, facial expressions and
posture signals. The implementation of the user assessment requires the
development of various sensors equipped on the robot (RGB camera,
depth camera and microphone) that will also be used to perform human
localization in the domestic/indoor environment. For security reasons,
the ability to move will be disabled, so the robot will always remain in
the same environment. The Machine Learning algorithms will be
developed and used to improve the cognitive abilities of the robot in
identifying the feelings of the older people and in making the robot in
continuous learning, to improve the acceptance of the robot by the user
himself.

In the Guardian trial, reminders will be sent via the robot and
questions will be asked to the patient. The functions that will be
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activated by the robot will be only those of being able to talk and listen
to the patient through the inputs that he will receive from the applica-
tions of the patient and the caregiver. Misty II will make sure that the
patient is in the home by asking the patient "[Patient Name] are you
here?” only if the patient responds in the affirmative will remind him of
the reminder. Among the features of Misty II there is also that of moving
through command, for security reasons this feature will be disabled
(Fig. 3).

2.6.3. Platform operation

The applications will be connected through the GUARDIAN cloud
(Fig. 4), on which all useful information and data will be stored, which
will be protected and encrypted.

The GUARDIAN functionality and usability will be improved during
the testing phases. The coaching module will be improved through
motivational messages, finally, changes are also expected based on the
results of users; this could include improvements to existing function-
alities or, if necessary, the development of new functionalities within the
scope of the project.

2.7. Outcomes

All outcomes will be measured following a standardized operating
procedure. Table 2 shows the primary outcome and the secondary
outcomes.

The tables below list the instruments used during the two phases of

Fig. 3. Misty IL

™

Add medication reminder

GUARDIAN will send Senior a reminder to take the medication as set in medication names.

Medication name(s):

Intake days: Start intake period:

@0@@@@@ 25-02-2022

The medication reminder should be send at:  12:24

Ask Senior to report this medication:

The senior will receive th S

Send me notifications:

hether he has taken the medication or not.

End intake period:

Fig. 2. Caregiver App: an example of the application.
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Fig. 4. Platform diagram.

the trial.

The evaluation process of the two phases will be the same. The table
below shows the estimated dimensions, the instruments used and the
time of assessment.

2.8. Risk management and mitigation

We do not expect any negative effects on the health of users related
use of the technology platform. The hardware devices used are com-
mercial devices (Misty II) and CE certified, the applications for older
people and caregivers will be loaded on the hardware held by the users.

Technological dependence, especially on Al devices, represents a
major ethical dilemma in today’s society and scientific community. In
order to limit the risk, the European Commission’s international pro-
grammes have introduced guidelines for conducting studies that require
the introduction of a new technology, called Responsible Innovation.
The core principles of Responsible Innovation [39] are also applied
within the GUARDIAN project. In particular, a strategy underlying the
prevention of technological dependence is the inclusion of different
actors around the older people, in the process of acquiring skills and
daily use of technology. In this way, technological solutions such as
those proposed by GUARDIAN, respond to the definition of
socio-technological system rather than technological, since they are
placed in a care context that does not involve the replacement of the
caregiver but stimulates the user to play a leading role in the manage-
ment of their health [40].

Among the features of Misty II is to be able to move inside the pa-
tient’s home, a feature that, for safety reasons, will be disabled, so as to
avoid it being an obstacle for the patient. However, subjects will be
advised to place Misty II in a safe and stable position, protected from
possible adverse events that could cause it to fall. Researchers will
provide clear and detailed information on the terms of use of the tech-
nology platform and the services offered during the study. In this regard,
it will be specified to the older people that the interaction with Misty II
must take place only by the recruited subject and not by third parties
that are in the house, so as to avoid that the results of the study are
somehow polluted. The services proposed are intended to support the
maintenance of correct living habits through information and sugges-
tions and do not replace (in whole or in part) the support from profes-
sional services. Specifically, Misty II will remind the older people of
taking the prescribed drugs, in no way will it suggest other drugs to take.

The possibility that the technology generates a wrong alarm or does
not generate an alarm when predicted represents an inherent risk to

technological systems which, in the case of GUARDIAN, can be miti-
gated through the customization of the system in the preliminary phase
with the family caregiver, so that it can always monitor the trend and
frequency of alarms during the day. During the installation of the
technology, moreover, information will be provided to the caregiver
about the limits of the technology, which can in no way replace the role
of the familiar and formal assistant, but only assist in some activities.

Users who take part in the study will not incur any direct or indirect
costs related to the use of the technology platform. The tablet will be
provided to the subjects by the INRCA and must be returned to the
research team at the end of the trial.

2.9. Data management

The project committed to the maintenance of participants’ ano-
nymity and confidentiality throughout all procedures, including
screening, recruitment, testing, evaluation and dissemination proced-
ures. Data collection, usage and storage procedures complied with na-
tional laws and the EU’s General Data Protection Regulation (GDPR)
including the commitment of participants’ the right to access, right to be
informed, right to withdraw, and right to data erasure. Data collection
will be compliant with the principle of data minimization i.e. the
collection of personal information from study participants will be
limited to what is directly relevant and necessary to accomplish the
specific goals of the testing and evaluation work packages. Data entry
will be carried out using specific software, providing blocks and data
entry checks, in order to reduce the number of entry errors. All screening
data was will be discarded upon the project completion. During the
testing procedures, all visual, auditory and sensory data that the robot
collects and processes in order to function as planned will be discarded
after the procedures have been completed. The exception to this is the
collection of the number of interactions that the robot logs with each
participant. However, these interactions will be anonymous. All
research data shall be made openly available for secondary analysis
3 years after the project completion. The study findings will be used for
publication in peer-reviewed scientific journals and presentations in
scientific meetings. Summaries of the results will also be made available
to investigators for dissemination within their clinics.

2.10. Data analysis

The first step of the data analysis will deal with the description of the
sample. Continuous variables will be reported as either mean and



A. Margaritini et al.

standard deviation or median and interquartile range on the basis of
their distribution (assessed using Kolmogorov-Smirnov test). Categori-
cal variables will be expressed as an absolute number and percentage.
Mann-Whitney U tests (for non-normal distribution), or Chi-Square tests
(normal or non-normal) will be used to compare the independent and
dependent variables between the pre- and post-conditions, in addition to
simple descriptive statistics (means, medians and SDs as appropriate).

In order to verify the achievement of the primary endpoint (i.e.
Acceptability of the Guardian platform), subscales of the UTAUT will be
calculated. Means and standard deviation or medians and iqr of the
scores will be reported according to their distribution. Correlation co-
efficients (Pearson for normally distributed variables, Spearman for non-
normally distributed variables) of the UTAUT sub-scales with the other
rating scales at each stage of the study and with the main characteristics
of the subjects will be calculated to check for potential determinants of
higher acceptability.

3. Discussion

In this work, we have described an intervention protocol to evaluate
the acceptability of the GUARDIAN platform in a group of older people.

Various technologies exist to support both the caregivers of the older
people person, health professionals or family members, and the older
people themselves [41]. In this context, it is therefore crucial that end
users have the ability to decide what to let into their homes and what
information they will accept to be captured [42]. Therefore, under-
standing what factors come into play in the acceptance process of a
technology is of basic importance to increase the acceptance and use of
these technological solutions [43]. Specifically, it was found that by
using a user-centered approach, end users feel involved in the product
design and development process [44].

This approach was also adopted in the GUARDIAN project, making
end users participate in the development and design phases of the
platform. In this way, the propose solution reflects the real wants and
needs of the older people person, increasing the acceptability of the
system. In addition, the GUARDIAN project has the potential to have
distinguished two phases of testing, precisely so that changes can be
made to the platform between the first and second phases, using data,
both qualitative and quantitative, collected after the first phase. In this
way the system can be improved based on real suggestions from end
users.

However, there are also limitations to the applicability of such a
platform. In fact, the acceptance of such a technological solution may be
difficult for those older people who are not familiar with technology,
compared to those who have used and use technological devices, such as
smartphones or tablets, on a daily basis [45]. Therefore, it will be crucial
to make the platform as smart as possible and, at the same time, to
provide training sessions, prior to the installation of the platform at
home.

4. Conclusion

In light of recent demographic changes, the need for new technology
solutions in the field of elderly care is growing, and the GUARDIAN
platform could have considerable potential in this regard. However, it is
crucial to focus not only on the functionality and benefits of the system,
but also and especially on the senior’s perception and acceptability of a
technology such as GUARDIAN. By following a user-centered approach
from the earliest stages, we therefore expect positive feedback from the
older person on the use of the platform. We also expect more collabo-
ration from the senior’s caregivers, as our proposed process puts the
person first, thus respecting the older person as a human being with his
or her wants and needs. In addition, by providing two phases of exper-
imentation, we can ensure that users can touch upon the suggestions
made during the first phase of experimentation during the second phase,
again emphasizing the importance of putting their needs first.

Contemporary Clinical Trials Communications 30 (2022) 101024

Future studies conducted in the field of AAL should prefer an
approach that involves end users from the early stages of project
development, because only in this way can acceptability by those who
will actually use the system in their daily lives, i.e., the elderly person,
and cooperation from those who will interface with the platform to take
care of the elderly person, i.e., the caregiver, be ensured. Acceptability
of the platform and cooperation from the family member will then be
key factors in the success of the project itself.

5. Ethics and confidentiality

The study was approved by the Ethic Committee of the Istituto
Nazionale Ricovero e Cura per Anziani, (IRCCS INRCA) on the October
21, 2021. It was recorded in ClinicalTrials.gov on April 5, 2022 with the
number NCT05284292. Any protocol modifications will be notified to
the above-mentioned Ethic Committee. The same committee is in charge
of data monitoring and periodically assesses the progress of the protocol
and compliance with what was declared. The principles of the Decla-
ration of Helsinki and Good Clinical Practice guidelines will be adhered
to. Participants in this study provide written informed consent.
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