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Abstract— In the paper, we summarize the evaluation of
Anne4Care system after laboratory tests. A group of end users,
seniors over 55 years of age, rated a virtual assistant by
completing a questionnaire. The objectives of the pilot
evaluations are mainly to assess the feasibility, usability,
acceptance and functionality of the system and the ability of
the potential target user to use the system and receive valuable
information from it to help them address the complex needs of
elderly people. The results of the assessment will be taken into
account during further product development.
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I. INTRODUCTION

The use of external knowledge, from the group of target
users, is increasingly important when developing new,
innovative products. Creating and then satisfying the needs
of end users is the basis for a good implementation and
marketing strategy. The active involvement of users and a
clear understanding of context of use are the key strengths to
overcome the main barriers in applying technology for
seniors. This strategy represents the core of the User-
Centered Design (UCD), a design philosophy which
encompasses various methodologies and techniques which
seek to involve the end-user in the design process with the
end-user being defined as the ‘person who will ultimately be
using the product’. The goal of UCD is to optimise the
usability, human factors and hence the user experience (UX)
of a product.

The scope of Ella4Life project is to facilitate the elders
stay healthier and live a more quality life. The proposed
integrated solution, Ella4Life, helps people in need, in daily
activities or stay in contact with the professionals or informal
caregivers and live a more pleasant life, independent and safe
at home. The Ella4Life is presented as a virtual avatar,
integrating with telematics technology and sensor monitoring
solution. The system will be tested in four different
countries. The pilot evaluations will be setting up in
Switzerland. After the first experiences Netherland, Poland
and Romania will follow.
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This multi - site design will allow evaluating the Ell4Life
system in different social and cultural contexts. Overall, the
multinational approach proposed will ensure wide
acceptability of the developed technology and prepare the
possibility of Europe - wide deployment after project life.

II. STATE OF THE ART

A. Health status home monitoring

Continues monitoring of health indicators is vital for
elders, for improving the quality of their life and ageing well.
Also, there are informatized healthcare devices customized
for monitoring health condition that better respond to special
needs of elder people and can prevent health worsening and
later care dependency in life [1]. The idea of smart homes
systems with embedded diagnostic/monitoring devices for
health status monitoring is becoming more and more popular
[2]. Cardiac patients could be monitored using cover for beds
and chair or even toilets. Authors in [3] e.g. estimates
systolic blood pressure from pulse arrival time what was
calculated from photoplethysmogram and ECG measured
nonintrusively from a femoral artery via a toilet seat
apparatus. The reliability and validity of measurement during
sleep and bed rest using bed temperature monitor is
presented in [4]. The temperature changes were recorded
from the temperature sensor sheet. The body movements and
sleeping period were obtained as well. Body movement was
identified from the temperature changes profile in the bed.
The research was conducted on 14 seniors also with
disabilities. Results indicated the potential use of the bed
temperature monitor for characterizing quality of sleep in the
elderly. Another study [5] researchers have been developing
a non-conscious physiological monitor installed in a bath, a
lavatory, and a bed for home health care. By evaluation on 3
patients with cardiac infarct or sleep apnea syndrome in their
homes, patients' health condition such as body and excretion
weight in the toilet and apnea and hypopnea during sleeping
were successfully monitored. The combination of data from
multiple sensors from home health monitoring systems is
described in [6]. Data fusion gives more objective predictive
factors than signals analysed separately. Blood pressure
monitoring system basing on cloud storage and analysis is
presented in [7]. Wireless data transfer and further daily
measurements and trends analysis could be a standard for
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hypertension treatment. Also mobile solutions are more and
more popular in blood pressure monitoring [8]. The study
shows that BP home monitoring may be useful for patients
with high BP diurnal fluctuations, increased risk factors,
diabetes, kidney disease or headache. Mobile applications
allow you to teach the patient how to take measurements,
ensure regularity of measurements and finally allow
visualization of results and analysis of trends. The next stage
in the design of home vital signs monitoring systems will be
the use of the advantages of IoT technology, integration of
many devices and services [9]. When we talk about special
sensors like eChair or ebathtub but also classic ECG devices,
then you can think about redesigning microprocessor
systems controlling devices so that it becomes possible to
implement hardware deep learning algorithms for on-line
data analysis [10].

B. Integrating Patient-Generated Observations

Patients or end users become one of the main actors
during data generation and analysis. We collect a large
amount of data collected during the diagnosis process, during
treatment and further during health monitoring [11]. The key
problem is programmed and conscious acquisition of
information from patients, which later facilitates their
analysis. It is important to manage the process of creating
surveys and questionnaires and to develop tools for analysing
results. This is very important for oncological patients during
and following cancer treatment [12][13].

User involvement is a strategy to ensure that the
requirements and needs of older people are known and
respected at every stage of the project. This is important in
the patient-researcher relationship [14] and client-innovator
[15]. Based on these findings, we use a customer-oriented
strategy in the Ella4Life project. End-users have been
involved in the development of the three different solutions
and technologies (Anne, Emma, sensors) through previous
organized focus groups. Their commitment led us to the
conclusion that we must work together to create an integral
solution instead of three different ones. Elders’ perspectives
about self-monitoring and using specially developed sensor
technology for measuring health indicators is presented in
[16]. Fig. 1 summarizes how the idea of Elladlife system is
recognized by group of seniors in different countries across
the Europe.

What is your view of the Ella4Life idea (particularly in
relation to the idea of using a mobile app/web-based
solution for the integrated features offered)

1am not comfortable about the Ella4Life idea and would 0
not consider it

have mixed feelings about the Ella4Life idea and feel |
would need more information

I feel comfortable about the Ella4Life idea and would - s HI-
be happy to benefit from such a service 2
0 5 10 15 20 25

® Romania Netherlands ™ Poland ™ Switzerland

Fig. 1. View of the Ella4Life idea.

All respondents are positive about the proposed solution,
although there are differences between countries in the
approach to the possibility of using it in personal life. In
Poland, seniors are rather sceptical about the possibility of
implementing this solution during their lifetime.

III. SYSTEM ARCHITECTURE

A. Anne Client System Overview

Anne is the main application that the senior will work
with (Virtask B.V. Netherlands [17]). She will accompany
him every day and support him. The client consists of the
core and the frontend. They both run locally on the machine
and connect to each other via websockets. The core can run
multiple instances, allowing the core to spawn itself (e.g. for
separating ASR and TTS functionality). The core is written
in C++/C99. Anne works on a tablet that runs the operating
system Microsoft Windows 10. After testing, it was
determined that the Surface Go (4415Y) model meets the
performance requirements and was chosen as the base
hardware platform. The main screen is presented in Fig. 2.
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Fig. 2. User screen with main activities.

The core itself can work offline, meaning that the ASR
and TTS functionality do not require an internet connection.
This is important because the target group (elderly) are both
very dependent on basic interaction via voice and mostly also
have worse inter-net than the average consumer. The core
also monitors machine state, weather battery level goes too
low, etc. It also regularly checks if there are updates
available and will, after notifying the user, update the
software with newer versions. System offers a broad number
of functionalities including:
News — configured new’s channels, Radio — streaming
internet radios, Calendar/Agenda, Video conferencing,
Medication - shows calendar with medication for each day
etc., Album (personal media) - shows images, videos and
other media content.

An example of My Agenda activity is shown in Fig. 3.
All appointments from the agenda are displayed, and the
virtual avatar can read them in natural language and alert will
be display just before the event.

3 My Agenda 15:39
Tuesday,
13 November
13
14
La
L7

Fig. 3. My Agenda activity screen.
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Content for these activities can be entries, can be added
or uploaded using the web based Dash-board by the senior
itself or by the caregiver: formal or by the family members.
This solution requires the creation of a user account on the
server, with a login and password.

Speech synthesis and recognition work locally without
any internet connection (no cloud solution for speech). The
parameters of the reproduced speech are shown in Figure 4.
The user can set the chattiness, speed and level of speech
recognition. This should be set to the user's personal
preferences or senior cognitive decline.
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Fig. 4. My Agenda activity screen.

The system can work 24 hours a day and 7 days a week.
It requires power connection almost permanently but because
it is a tablet so there are no obstacles to use it also in a
mobile way during walks or activities in the garden.
However, the system can be put to sleep mode at night when
there is no activity and there is no need to take medicine to
save energy.

B. Emma subsystem architecture

Emma is a mobile solution and has a working connection
with several e-health self-management solutions. She
stimulates her users to lead an active, less sedentary and
healthy life. Besides stimulating self-management, she also
connects the user to their informal caregiver and the
professionals within several fields of chronic diseases. This
connection makes it possible to monitor the disease and act
and instruct when needed and not when planned. Emma
connected self-management platform for chronically ill
patients and elderly (by Medicine Men, Netherlands [18]).
The platform is cloud-centred and connects clients with their
informal and professional caregivers. Information from
mobile sensors, including smartwatch, scales, oxygen
saturation meters, thermometer and blood pressure meters is
stored and processed on the Emma cloud server.

In collaboration with Microlife, Emma uses the Microlife
BP A6 monitor with Bluetooth. The meter is validated for
accurate measurements and can be used at home. The
scenario is that the Emma user has a monitor at home. He
can choose to do measurements at random intervals or via
the week measurement protocol, where he must measure
twice a day during specific hours (in the morning and in the
evening) for a whole week. The week measurement is a
professional protocol according to the European Society of
Hypertension guide-lines [19][20]. How it works is as
follows: the patient will do a measurement with the meter
(week measurement will give a reminder to measure). After
this is done, the patient will go into the Emma 6 app and
press the sync button. This will start the sync process in the
app. The patient then needs to press a button on the meter so
that the Bluetooth of the meter turns on. The connection will
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then be established between the two devices and if it goes
without problems, the app will send the measurements to the
Emma servers. An examples of user main screens are shown
in figures S5a — 5d.

84

Q % ' 89% M 09:56

With this function you can send the
measurements in your blood pressure meter to
the Emma server.

Make sure your blood pressure meter is within 2
meters of your phone/tablet.

Start: 10 Mar 2020 08:00 18:00

DAY 1 - Tuesday

DAY 2 - Wednesday

DAY 3 - Thursday

DAY 4 - Friday

DAY 5 - Saturday

DAY 6 - Sunday

DAY 7 - Monday (i
=

‘Start synchronisation
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Neek Graph syne. Week Graph
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. —— — — Show more

Itis time for your blood pressure
measurement.
x Close popup
2% Snooze alarm (25min.)
85 (hypertension; v Measure now

(<]
Sync.
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Fig. 5. Emma6 screens; a) week schedule of measurements with results,
b) synchronise procedure with Emma server, c) the graph representation of
the measurements, d) the reminder alert.

IV. METHODS

The group is recruited from volunteers, voluntarily,
people who usually do not know each other, but can share
their experiences and express their opinions. According to
the criterion established in the project, people aged 55 and
older were selected in three ranges: 55-65; 66-75 and 76+
years, preferably with a balanced distribution. According to
the assumptions, the target group consists of healthy people
who are active or people with minor health problems. We are
interested in people with at least minimal experience in the
field of ICT (information and communication technologies),
mobile applications and the www environment, because the
Ella4Life solution is based on technology and human-
computer interaction.
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The tests will be carried out independently in 4 countries
of the scientific consortium: the Netherlands, Switzerland,
Romania and Poland. Social groups in these countries are
different, and you probably can't transfer testimonials from
one country to another. This has already been proven in
previous surveys [16]. The questions we want to be answered
are:

e is there a connection between the age of the elderly
people and their willingness to use Ella4Life? For
example, when people are relatively vital and
younger, between 55 and 70, will they be willing to
use Ella4Life and follow her instructions?

e is there a connection between the presence of chronic
diseases and the willingness to use Ella4Life? For
example are people not having a chronic disease
willing to use Ella4Life to stay healthier?

e is there a connection between the age of the elderly
people and their need to be assisted in the use of
technical and/or digital devices? For example, when
people get older will they get problems handling all
the electronic and digital devices and will they thus
be willing to use Ella4Life and will they be able to
learn how to communicate with her?

e overall when Ella4Life contributes to a healthier
lifestyle, more self-management and supports people
in their wish to stay independent, what will people be
willing to invest, financially as well as in time and
attention in a system like Ellad4Life to make it
possible to stay independent and self-supporting?

In this article we present the results of research on a
group of seniors from the Netherlands. The group consisted
of 36 volunteers of both sexes. Mean age is 63 years.
Detailed numbers of age ranges are shown in Table I.

TABLE L AGE’S GROUP OF VOLUNTEERS
Age range
55-65 66-75 75+
quantity 23 10 3

During installation of the product(s) at their homes the
end users received a personal training in how to use the tablet
and the blood pressure device. They also received a printed
copy of the manual. Some of the end users turned out to be
incredibly involved and contacted us weekly with questions
and suggestions. All end users filled in the questionnaire.
The questionnaire consisted of 80 questions about age,
education, material status, family status and a group of
questions about health (now and a year earlier) and directly
related to the Ella4Life system.

V. RESULTS

Our findings from the lab test are as follows:

e Most (80%) of the end users thought the concept was
great and believed there is a large market / need for a
product like Ella4Life. Although they also mentioned
that the current product is still far from being ‘ready’.

e Roughly a quarter of the end users believed that the
big commercial companies like Google would

actually win the race and were sceptical weather this
product would be ready in time.

e The vast majority of the end users mentioned that if
the product would be finished they would definitely
buy or rent the product because they felt more
comfortable in buying a ‘local’ concept like Ella4Life
instead of a solution from a multinational like
Google.

e End users perceived the avatar as cold and distant.
And not particularly personal (see Fig.2).

e End users perceived the ‘home’ button as too small.
Especially for elderly with tremors/parkinsonism (see
Figs.2 &3).

e End users were enthusiastic about the blood pressure
device. Yet they thought it could be better integrated
within the virtual avatar and did not like the idea of a
separate app installed on their private phone.

e Before the virtual assistant speaks (i.e. reminds
someone to measure their blood pressure) a
notification signal should be given. Just like on train
stations; you will first hear a loud ‘ring tone’ before
vocal text is given.

e Make one good looking and easy to ready integrated
manual and let it be a part of the virtual assistants
menu / functionalities.

We are now analyzing the correlations between
dependencies in the questionnaire to answer the questions
posed earlier. We noticed a correlation between the need
for a solution and the respondent's health status and
education. People with higher education would be more
likely to approve this solution, just like people with
health problems. Further dependencies are still being
analysed.

VI. CONCLUSION

This article is about understanding the perceptions of
older people about attitudes, habits, and needs for health and
self-control. The results help us customize and offer them the
best product that integrates new technologies and support
older people to remain healthier and live a better life. The
results of qualitative research and investigation of older
people from four European countries show a differentiated
perception of older people in self-control and the use of
sensor technology to measure health indicators, and even
contradictions. The discoveries made us address them as two
clusters: one group of seniors who are positive about the use
of integrated devices in everyday life, and one group of
seniors who want to take advantage of the benefits of self-
monitoring sensors habits every day. We will continue
testing on senior groups also in other countries, i.e. in Poland
and Romania, and carry out surveys to compare the results
obtained.
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