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Abstract. This article describes a systematic investigation on the expectations of potential users of Ambient Assisted Living
(AAL) technologies. More specifically it describes the efforts made to elicit users expectations for services of an AAL system that
aims to both monitor older people fostering their independent living and preventing dangerous situations and also offers a valid
help to their caregivers. The specific target of our work is older adults, with no critical pathological conditions, who wish to stay
home as long as possible. The work proposes a plan for a rigorous systematization of the users needs and their validation based on
a combination of qualitative and quantitative research techniques involving both the primary users (older users at home) and the
secondary users (formal and informal caregivers) who constitute the network of persons around them. Four main areas relevant
to the realization of personalized services have been identified that could help to support independent living and improve Quality
of Life (QoL) which include the monitoring of Social Interaction, Physiological Data, Daily Activities and Environmental Data.
The presented results are also consistent with the global theoretical framework of International Classification of the Functioning,
Disability and Health (ICF) which highlights the main factors contributions to independent living. This study also investigates
the perceived usefulness and acceptance of specific services (considering both primary and secondary users perspective) that
have been listed inside each category with the aim to indicate a clear priority level and preferences of users. The article concludes
by providing insights on practical implications for the systems development, presenting concrete examples of possible use cases
relevant for the AAL domain linked to the elicited user requirements.

Keywords: User needs, ambient assisted living, user centered design, older people, personalized AAL services, prevention,
independent living

1. Introduction erable evidence that health promoting behaviours of
older people offers the potential for improving health

Life expectation is nowadays increasing [18] and status and Quality of Life also reducing the cost of
consequently the number of people who will need sup- health care [3,23,26,33]. Quality of Life has been de-
port to cope with age-related impairments and to main- fined as “an individual’s perceptions of their position
tain a valuable Quality of Life (QoL) will also in- in life in the context of the culture and value system in
crease. One of the first wishes of this population is to which they live and in relation to their goals, expecta-
be able to live autonomously as long as possible, and tions, standards and concern” [42, p. 1570]. Most re-

to age well. Notably, independent living is also known
to reduce the cost to society of supporting people who
have lost some autonomy [20] and there is consid-

searchers consider it to be a multidimensional concept
encompassing health, functional status, social, as well
as other aspects of an individual life [6,36,38].
Advanced age is one of the most important fac-
*Corresponding author. E-mail: amedeo.cesta@istc.cnr.it. tors for frailty, dependency, and level of received care
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[2,14,25,27,29]. In this respect, it becomes important
to promote and foster a good QoL in such kind of per-
sons, that also means to cope with age-related health
impairments and decrease of independence. A corre-
lated concept is the notion of Aging-In-Place [30] that
promotes the idea of allowing seniors to keep control
of their environment and activities to improve their au-
tonomy, health, well-being and their feeling of dignity.
The adoption of new technologies to preserve the inde-
pendence of older people in the domestic environment
is becoming increasingly important in the context of
this demographic change and the relevance of this new
technology for daily activities of self care [11] within
the smart home domain is also increasingly discussed.

Initiatives to leverage technology as a key element to
support ageing are indeed manifold, most of which fall
under the Ambient Assisted Living (AAL) initiative
funded by the European Commission. The purpose of
this program is the development and use of new tech-
nologies to enable older users and disabled to live com-
fortably at home, improving their autonomy, facilitat-
ing daily activities, ensuring good conditions of safety,
supporting prevention or monitoring and treating sick
people. The widespread application of AAL technique
could avoid, in many cases, the admission to hospitals
or nursing homes, allowing a better QoL and savings
costs for the community.

This work reports an effort performed in Italy to
elicit, in a structured way, user expectations for an
AAL system devoted to older adults (not affected by
a critical pathologic condition) to support their inde-
pendent living. The analysis is based on the combina-
tion of qualitative and quantitative methods involving
representative users (ecological context). The specific
effort derived from the quantitative approach allowed
validating our results. Additionally the statistically rel-
evant number of participants provides a clear indica-
tion of priorities for the synthesis of AAL services
based on acceptance and perceived usefulness of both
primary and secondary users. Detailed priorities are
provided for specific services belonging to four differ-
ent categories. The conclusions derived from this study
can be used as an indication of the main wishes of older
adults with respect to technology that is intended as a
means to support their independent living and is also
influenced by the perspective of their caregivers.

The paper is organized as follows: Section 2 con-
tains an overview of related works on the investiga-
tions of users expectations from AAL technology; Sec-
tion 3 describes the main concepts and ingredients that
inspired the study and that emerged from our experi-

ence, the GIRAFFPLUS project idea; Section 4 presents
the core contribution of this paper, describing both the
method used to elicit user expectations and the results
of the study with specific emphasis on the assigned
priorities; Section 5 discusses the results and their im-
plications for the development of AAL technologies
and illustrates some system scenarios that complete the
analysis; Section 6 discusses some limitations of the
current study while Section 7 concludes the paper.

2. Related works
2.1. Smart homes, Aml and AAL: Users involvement

A study by Eggen and colleagues [17] tried to in-
vestigate what “home” actually means for people, ul-
timately aiming at understanding how people would
like to live in their “Dream Home”, the “Home of
the Future” highlighting some interesting requirements
in terms of trust, usability and the possibility to con-
trol the smart devices. The paper is an example of co-
design experience that aimed at eliciting needs of fam-
ilies for future homes using a qualitative approach. The
participants were not older users who inevitably have
specific features and limitation in their use and interac-
tion with technologies. In the same direction, a survey
about the users’ expectations with respect to intelligent
homes [5] highlights some of the main evident wishes
of end users about next-generation homes that are
mainly related to comfort and household tasks. Both
these studies represent an attempt to overcome the
discrepancy between current intelligent solutions and
users expectancies, with the main aim to raise aware-
ness within the Ambient Intelligence (AmI) commu-
nity of the need to establish more effective communi-
cation with users in real-world deployment situations
fostering the “user in the loop” approach. Moving from
the AmlI concept to the AAL domain, the general goal
of AAL solutions is to apply Aml concepts and tech-
nologies to enable people with specific needs (e.g., the
older users) to live longer in their natural environment.
This inevitably poses additional challenged to develop-
ers who need to take into account the particular needs
of the different users.

A recent review on AAL technologies, products and
services [37] promotes a user-centric development of
technology with a strong involvement of end users
specifically for usability and accessibility issues point-
ing out the lack of proper attention to the topic. The re-
view analyzes a number of papers related to the AAL
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research areas and selects a subset of them that are
classified around the “user interaction area” focusing
mainly on the development of new interaction mecha-
nisms, new ways of presenting information and evalu-
ation of devices. Most of these research papers in fact
are technology-oriented and focus on how technology
can be used in the AAL context instead of looking at
the users’ need and discuss their implications for prac-
tice.

Some results come from studies aimed at investigat-
ing seniors perception and monitoring needs with re-
spect to the “smart home” technology devoted to im-
prove QoL and/or monitor older users’ health status
[15,43]. Results of the first study showed a rather posi-
tive attitude toward devices able to enhance their lives.
The main areas of intervention cited for these tools
are emergency help, prevention and detection of falls,
monitoring of physiological parameters. In the second
study, both the elderly and their family were involved
in order to identify monitoring needs and expectations.
Themes like maintaining independence, detecting cog-
nitive decline, sharing of information, and the trade
off between privacy and usefulness of monitoring have
been highlighted. Additionally, the acceptance by the
elderly of unobtrusive in-home monitoring seemed to
be closely tied to the perceived utility of data and ser-
vices generated by such systems.

Both studies were mainly conducted using only
qualitative research (focus groups) without involving
a statistically significant numbers of participants well
distributed among primary and secondary users. Ad-
ditionally, the suggested domains of interventions for
AAL systems were not deeply analyzed subdividing
them into sub-items and no clear indications about a
level of priority were provided to the systems develop-
ers.

One work that considers a large number of par-
ticipants and combines qualitative and quantitative
research has been carried out within the SAAPHO
project [16]. In this work a statistically relevant num-
bers of older users from two different countries have
been recruited for eliciting requirements of an intelli-
gent system to support independent living. A number
of monitoring needs (both related to the environmental
safety and health status) emerged and the possibility to
use the technology to facilitate contacts with relatives
and friends was highlighted. This study provides qual-
itative indications from primary users on the sphere of
intervention for AAL system not dwelling on the de-
tails of the difference in priorities of the specific ser-
vices thus leaving space for improvement in the user

needs elicitation and its implications for the system de-
velopers.

2.2. Progress beyond state-of-the art

The present study aims at assessing the users’ needs
for AAL services that perform older adults monitor-
ing at home. The paper gathers users’ feedback from a
twofold perspective, namely the point of view of both
older users at home directly exploiting the AAL tech-
nology and of their carers who also indirectly bene-
fit from the AAL services while providing their care.
The analysis is based on a methodology that combines
qualitative and qualitative analysis [7]. The quantita-
tive analysis enabled the production of a complete set
of user requirements validated with a significant num-
ber of user representatives. A subsequent elaboration
of the results synthesized a clear indication of the level
of priority for the elicited services and a set of sugges-
tions that can be useful for the practical development
of innovative AAL services.

3. New AAL services: The GIRAFFPLUS concept

The study described in this paper has been grounded
on a project named GIRAFFPLUS' [12], in which the
authors have been involved. The aim of the project was
to develop and thoroughly evaluate a complete sys-
tem able to collect elderly people’s daily behaviour and
physiological measures from distributed sensors, per-
form context recognition and long-term trend analysis.
The original idea was to provide a valuable system ca-
pable to support both the older user at home and their
caregivers contributing to detect early signs of age-
related deterioration in the older adults. The main tar-
get of the conceived system are healthy older persons
who are at risk of loosing their independence. Many
projects focus on specific diseases dealing with ser-
vices that can be useful for a specific class of users.
For instance, the NOCTURNAL project [32] aimed
to develop a tele-health system to support the night-
time needs of people with dementia. MATCH [1] is
a research program that is supposed to support both
users and companies in assessing the value of medi-
cal devices, focusing on a wide range of medical is-
sues, and consequently on a different set of target pa-
tients. In contrast to these efforts, the GIRAFFPLUS’s
focus was fo support prevention, thus contributing to

1 http://www.giraffplus.eu.
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Fig. 1. The GIRAFFPLUS conceptual idea.

assess possible deterioration of health of people living
alone. In this respect, the target users of the system are
those people still independent, not suffering from se-
vere medical conditions, but still at risk of becoming
dependent.

The starting point of the GIRAFFPLUS project al-
lowed an initial conceptualization of the system that is
sketched in Fig. 1.

The picture introduces the key concepts relevant for
the current paper that are: the rypology of users, the
technological components and examples of services
we wanted to investigate.

3.1. Typology of users

First of all we can identify the human actors who are
the target of the AAL services:

— The primary user who is the elder person (EP)
living at home, mostly alone, that the system is
supposed to actively support; In fact, the elderly
play the main role of recipients of the services and
monitoring from the intelligent environment.

— The secondary users, that is a network of people
who participate in the support and monitor of the
older adult from outside his/her home. This group
benefits from the AAL system directly when us-
ing its services (at a primary end-user’s home or
remotely) and indirectly when the care needs of
primary end-users are reduced. Usually, formal
and informal secondary users may have different
expectations from the system functionalities.

For this reason, in order to further investigate
this aspect, we subdivide secondary end-users
into two different sub-groups: (a) Healthcare Pro-

fessionals, HP, an individual healthcare provider
who may be a healthcare professional in medi-
cine, nursing, or a field allied to health; (b) Care-
givers. An informal caregiver, CG is a close rel-
ative or a friend who takes care of the primary
end-user or in general has regular contact with
him/her. A formal caregiver is a person trained to
take care of the elderly especially with a social
emphasis (rather than a medical one) on the type
of support. Municipalities or social health coop-
eratives usually provide and train the formal care-
givers.

3.2. Key technological ingredients

The key technological ingredients of the system (see
Fig. 1) that constitutes the main building block of GI-
RAFFPLUS are: (1) a network of sensors deployed in
the home that continuously gathers data both from the
environment and related to the health of the person
(e.g., blood pressure); (2) a data management and in-
terpretation module that guarantees data storage and
interprets data coming from both environmental and
physiological sensors with the ultimate goal of synthe-
sizing contextualized services; (3) a telepresence robot
(the Giraff?) that guarantees communication between
people outside the house and the primary user inside
the house, enriching the dialogue with the possibility
of moving in the home environment and performing
visual monitoring through a camera connected to the
robot [8]. The robot can also be seen as the focal point
of attention for the user and a means through which
the system can vehiculate the services at home to the
older user; (4) a personalizable interaction front-end
that allows to visualize data from the house to the sec-
ondary users, and also, to call the robot from outside
the house.

It is worth highlighting the idea of a telepresence
robot as a potential exploitable ingredient to allow sec-
ondary end-users to visit the assisted person in his/her
home via an embodied robotic presence through which
the visitor can communicate and at the same time move
around in the environment. The robot is the technolog-
ical component considered to be placed in the home of
the elderly and used to connect to healthcare profes-
sionals as well as family members. This element of the
system is mainly thought as a means to enable the de-
livery of services that are more “social oriented” and

thtp://www. giraff.org.
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can also be potentially enriched with additionally ser-
vices.

3.3. Services

Having described the key general elements of the
GIRAFFPLUS we started conceiving some services for
both the primary and secondary users, that are the main
target of our investigation. An original list was synthe-
sized, but the need emerged to validate and integrate
them through a systematic study involving real users of
both typologies. From the secondary user perspective
example of services originally thought to be of value
included:

— Long-term behavioural and physiological data
analysis and monitoring. More specifically, a set
of GIRAFFPLUS services is oriented towards the
measurement of parameters of interest that may
directly or indirectly indicate deterioration or de-
cline of health i.e., early detection. The sensed
physiological and environmental data, are moni-
tored and intelligently interpreted in order to pro-
vide useful indications to caregivers.

— Producing reports that contains summarized data,
and information about aspects of interest.

— Exporting data for a real time use (hence, for ex-
ample, for issuing alarms). In fact, the system can
rise alarms and/or send warnings, for instance, in
case of falls or in case of abnormal physiological
parameters.

Toward the primary users the project idea was to im-
plement the following functionalities:

— The communication through the telepresence
robot is the basic media for social communication
from outside into the house through virtual visits.

— Having such a general set up, the system could
offer a channel from the secondary to the primary
for messages and reminders created through the
visualisation front-end and delivered on the robot
screen.

The messages and the information open up an interest-
ing spectrum of possibilities that can be coordinated by
personalization because different people may like dif-
ferent delivery of the information to each of the human
actors connected to the dialogue with the system.

After this synthesis of initial services the effort was
devoted to more critically and rigorously investigate
the users’ requirements for such kind of system by car-
rying out a rigorous investigation on users expecta-
tions.

4. Elicitation of user needs

A specific effort of the project has been then fo-
cussed on the user requirement analysis in order to
both gather real users’ needs and expectations with
respect to the system and derive more general indi-
cations with respect to innovative AAL services. To
this purpose 3-months of intense work have been ded-
icated to recruit representatives of both primary and
secondary users and perform an intense investigation
whose methods and results are described here.

4.1. Objective and motivations

The objective of our study was to gather users’
needs and opinions with respect to the AAL services
and to identify a set of services that the users (both pri-
mary and secondary) consider as most important to be
realized. Specifically, the study aimed at:

— eliciting and validate what activities, events,
physiological and psychological data or behav-
iours are important to observe;

— determining the level of usefulness and accep-
tance of this monitoring.

Overall we aimed at: identifying the set of factors
that are particularly important to ensure early detec-
tion of possible deterioration of health; investigating
what type of support could be useful to cope with age-
related impairments, and contributing to understand
what is needed to support preventive medicine. These
indications allow to combine the technological com-
ponents previously presented and offer dedicated ser-
vices that are grounded on real needs and expectations
of users in terms of improving their independent living
and/or to facilitate the roles of their carers.

4.2. Method

The general method of the study® used to investigate
the above-mentioned aspects is sketched in Fig. 2. It
is based on a multi-dimensional approach that entailed
three main directions of work:

1. Analysis of existing literature on relevant indica-
tors for independent living.

3The general method has been conceived with the help of the
School of Health and Medical Sciences of the Orebro University,
the Lund University, the Andalusian Health Service and the Orebro
County Council. In this paper we focus on the application of the
methodology on a sample of Italian users.
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2. Qualitative study to identify user requirements
for the GIRAFFPLUS system.

3. Quantitative study to validate and prioritize the
user expectations.

The first step was devoted to study existing literature
related to the main factors that contribute to endanger
the level of independency of an elderly people at home.
The idea was in fact to try to understand the relevant
factors that represent a risk for the decline of elderly
persons, and thus, should be monitored over time [9,
pp. 13-17].

Starting from this, we then focused our effort on
gathering feedback from real users (both primary and
secondary), by involving them directly in giving their
opinion on the services that an intelligent AAL system
should offer.

To this purpose we combined qualitative and quan-
titative research as shown in Fig. 2, steps 2 and 3.

Specifically, a set of focus groups have been orga-
nized to define the services and parameters to moni-
tor. A critical analysis of these requirements has then
been made and used to create questionnaires to be ad-
ministrated again to both primary and secondary users.
The questionnaires directly reflected the list of ser-
vices and parameters to be monitored that emerged
from the focus groups work. The idea of these ques-
tionnaires was to have an indication on the level of
perceived usefulness and acceptability of the services.
These two measures were finally used to identify the
different priorities for the user requirements (Step 3 of
the study).
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The rest of the paper reports the results of this anal-
ysis performed in Italy.

4.3. Focus groups

A focus group is a form of qualitative research in
which a group of people are asked about their percep-
tions, opinions, beliefs and attitudes towards a prod-
uct, service, concept or idea [41]. Two focus groups
with primary and secondary users were conducted in
Italy, in order to collect the perspective from users on
their needs and what is important to observe to support
independent living and assuring an acceptable QoL.

4.3.1. Participants

Table 1 shows the participants of the two focus
groups performed in Italy.

Specifically a first focus group (FG1) involved rep-
resentative of secondary users recruited among health
care professionals (doctors, nurses, occupational ther-
apists, physiotherapists, psychologist, home care pro-
fessionals or other professionals) working in the field
of care for elderly persons. The second focus group
(FG2) involved elderly persons, as representative of
the primary users of the GIRAFFPLUS system. Each
group consisted of 10 persons. Health care profes-
sionals were recruited among medical doctors and
paramedical staff working in the territory and involved
in home care, or health professional working in coop-
eratives. Elderly persons were recruited among rela-
tives of patients of Azienda Sanitaria Locale Roma A
(ASL RMA).

As we mentioned earlier through this paper, the GI-
RAFFPLUS project is supposed to address both formal
and informal caregivers needs. In order to better deal
with this issue and to be better able to discriminate be-
tween the needs of these two typologies of caregivers,
we involved a mixed group representing both formal
and informal caregivers. Some of these participants

Table 1
Focus groups participants
Focus group Number Users Observers
FG1 10 Medical doctors 2 psychologists
physiotherapists 3 engineers
nurses 1 psychiatrist
psychologists
health workers
sociologist
FG2 10 Elderly 2 psychologists
1 engineer

1 psychiatrist
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were both formal and informal caregivers (e.g., nurses
taking care of their parents). In these last cases the un-
derlying idea was to exploit both the professional ex-
pertise of these persons and their personal experience
as caregiver of old parents or relatives they take care
of. This approach allowed a focus on different needs
due to different conditions.

Participants were recruited through ASL RMA and
the focus groups meetings were held at the ASL
premises under the supervision of the personnel work-
ing there thus adhering to the ethical code of that orga-
nization.

4.3.2. Data collection

A general description of the GIRAFFPLUS system
was given to participants. After the presentation, a gen-
eral schema® to follow during the focus group has been
adopted that was aimed at discussing which services,
environmental events, information and behaviors of
the person and physiological parameters are important
to observe in order to ensure good quality of life and
health for old people. Examples of questions for sec-
ondary users are: «...How do you think a smart home
should be?»; «In order to detect early signs of psy-
chophysical impairments, which kind of events are im-
portant to monitor in your opinion?»; «What kind of
service you would like to receive from the system?»;
«Which kind of person could benefit from living in a
similar smart home?».

In contrast, quite different questions were asked to
primary users such as: «If you had a smart home like
the one just described, what kind of services should it
provide?»; «What would you like to regularly monitor
about your health status?»; «Which sensors are more
useful for you to be used in a smart home?».

The moderators followed the discussion guide to
generate interest in the topic, involve all the partici-
pants, and keep the discussion on track. One or more
observers assisted the moderator. The role of the ob-
servers was to listen to the discussion, take notes and
interact with the moderator when necessary. Notes
from the observer could be used in directing the mod-
erator in one way or another. Each focus group was a
one and a half hour long discussion about health de-
terioration due to aging, elderly persons’ expectations
and need of support, how this support should be de-
livered, what should be monitored, and what consti-

4The general schema to follow during the focus group was con-
ceived by the School of Health and Medical Sciences of the Orebro
University, see also [9].

tutes an alarm. The focus group discussions were tape-
recorded and transcribed verbatim.

4.3.3. Method of analysis

The aim of the analysis was to identify examples
and suggestions of activities, events, behaviours and
physiological/psychological data to observe in order to
detect deterioration of health and/or need for care or
help. An additional aim was to identify the participants
thoughts about the type of support services needed for
the elderly persons.

The analyses were close to the direct wording in
the text without deeper interpretation of latent mean-
ings. The analysis was done by reading the text back
and forth to get a picture of how the participants
talked about different aspects of the identified fac-
tors. First of all, the text was read through to get a
whole picture of the content. Secondly, suggested fac-
tors/activities/events/data that were mentioned by the
participants was identified and marked in the text. The
next step was to identify in the text if the focus group
expressed that the marked data was an important fac-
tor to observe. For each factor the participants’ moti-
vation or arguments for this being an important fac-
tor were described. Furthermore, for each factor, dis-
cussions about needed support were identified and de-
scribed.

4.3.4. Focus group results

The results of the focus groups have been organized
according to macro-categories that seem to be relevant
to consider for supporting both primary and secondary
users. These categories are also in line with the Inter-
national Classification of Functioning, Disability and
Health (ICF)’ developed by the World Health Orga-
nization [44]. Specifically data were sorted according
to the ICF chapters (first-level) and grouped as in the
following sections.

Body functions and physiological parameters. Both
primary and secondary users claimed that a de-
crease of body functions is something impor-
tant and relevant to observe for early detection
of health deterioration. Examples of things that
could be important to monitor are: cardiovascular
functions ([ “... For heart patients like me, heart
monitoring is important”]), blood sugar, blood

SICFis a global theoretical framework for classification of health
and health related domains. It describes interactions between spe-
cific health conditions and activities, participation, body functions
and contextual factors.
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pressure ([“...These sensors are all useful, but
the medical ones are the most important, espe-
cially the ones that measures glucose and blood
pressure’]), weight, body temperature, urinary
incontinence/urinary infection and muscle weak-
ness. These findings are also consistent with stud-
ies available in literature being the factors related
to degree of independence and need for support
[22].

Changes in daily activities and routines. Additional

aspects that seem to be interesting to monitor
are the possible changes in the “usual routines”
of older persons at home. This was discussed
mostly by the secondary users (caregivers). De-
tected changes in daily routines of the older per-
son were described as possible signs of deterio-
ration of health and increased need for support.
Specifically the following aspects have been men-
tioned: loss of routines, inability to manage the
daily activities, changed patterns of activity and
mobility in the home, more time spent in bed than
usual, leaving home at unusual times, mobility
decline, number of visits to the toilet at night; eat-
ing and drinking deterioration; personal hygiene;
ability to cope with diabetes, ability to and time
spent on preparing food, forgetting to turn off the
light or the stove. A specific attention has then
been given also by elderly to the ability to handle
medications. This result is supported by several
references in the literature [13,19,24,34] that de-
scribe how the ability to manage activities of daily
living is important for independence and quality
of life and also as an important detector of risks,
for example risk of falls.
The one related to risk of fall is a recurrent and
particularly relevant area identified in the focus
groups especially with elderly users but also with
caregivers. Both falls and fear of falling have been
reported in both focus groups ([ “... I would start
first by monitoring falls in the house”]). In addi-
tion, people have expressed the concern that no
one could find them when they have fallen. Also
in the literature the risk of falls and the fear of
falling are evident as a recurrent factor that is dis-
cussed in the relation to independence for elderly
people [39].

Psychological and social factors. Both professionals
and the older persons identified the fear of be-
ing alone and the need for contact with relatives
and professionals ([ “...it is important to detect
psychological status, to maintain contact between

patient and health care staff or between patients
after hospitalization”]). Additionally, regarding
home care, ([“... in addition to a phone call or a
real visit this could be another way to be in con-
tact”]). Expressions of isolation and anxiety were
identified by professionals as early signs of de-
cline.

Environmental factors. Both primary and secondary
users mentioned the need to prevent potential
risks related to environmental factors. Factors
suggested to monitor were for instance: fire de-
tection, taps opened, smoke detection, wet floor,
temperature, and gas leaking. Another aspect that
was mentioned by the elderly was the fear of in-
trusion in the home. This is also in line with our
previous study [10] where the support for envi-
ronmental safety have been suggested as one of
the most important aspects in the home monitor-
ing domain.

Overall primary users showed their interest in the
potential of the system ([ “. .. You are showing me some
aids that seem necessary and useful to me”]), but they
expressed also some concerns about privacy. In fact,
people expressed also additional feelings about the
system proposal. Older people recognized its poten-
tial usefulness and necessity in some cases, but they
also pointed out concerns, in particular, with respect to
the “monitoring issue”. Indeed also the privacy issue
has been raised. Concerns about continuous monitor-
ing and access to the data were raised. More specifi-
cally the need to protect data and to also possibly tailor
the data gathering to different needs was considered as
an important aspect of the system.

Additional aspects also emerged from the analysis.
The technical solutions should not replace human con-
tact, rather they should be seen as a means to foster
and promote human communication and support. Ad-
ditionally it is important that the technical solutions
support the individuals’ autonomy and do not make
them dependent on the technology itself.

Even though the questions asked during the focus
group did not specifically contained questions related
to the costs associated to the service as done in [40],
participants raised concerns about possible additional
costs they had to pay. In fact, keeping the costs of the
service low is a key requirements for older adults. Ad-
ditionally they also would expect the participation of
the National Health Care service that might bear part
of the costs.
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A final consideration, related mainly to the focus
group with health professionals, was an expressed
need to focus on a specific typology of assisted person
in order to provide their feedback. This entails that dif-
ferent people have different needs and in turn suggests
a user requirement for the solutions to be customizable
to different cases.

4.4. Quantitative analysis of user needs

Starting from the focus group analysis we then rea-
soned on how this feedback could be translated into
user requirements for the system that could be consid-
ered as representative of users’ expectations of AAL
solutions and how to assess a level of priority that
could be useful for the system developers.

4.4.1. Method

The first step was to examine the main areas of
interest for monitoring that emerged from the focus
group results. These categories were then analyzed
and reasoned upon. Figure 3 shows the results of this
subsequent elaboration. Specifically we identified two
macro-categories that contains the 4 sub-categories.
The first one can be seen as mainly related to the Per-
son monitoring while the second one is related to the
monitoring of the Home environment. In the first case,
the services are devoted to monitor parameters, activ-
ities or routines of the primary users, while the sec-
ond case corresponds to services devoted to monitor
environmental factors, that is the things happening at
home.

The Person monitoring services contains these three
main subareas:

— PHYSIOLOGY MONITORING: that is all the ser-
vices devoted to assess the body function and
physiological parameters and vital sign monitor-
ing.

— SOCIAL INTERACTION MONITORING: that is all
the services, mainly delivered through the robot,
that can contribute to facilitate the social interac-
tion of the older users or, more specifically the

Person
* Physiology Monitoring
* Social Interaction Monitoring m
Activity Monitoring
* Environmental Factors /
Home

Fig. 3. Monitoring areas for the GIRAFFPLUS system.

communication between primary and secondary
users.

— ACTIVITY MONITORING: that is all the services
that can be used to monitor changes in the daily
routine of the person and in general facts or events
that relate to the primary users.

The Home services are mainly related to the moni-
toring of ENVIRONMENTAL FACTORS.

Based on this classification we then translated the
results of the focus groups into a list of services that
the system could provide. More specifically the re-
sults have been organized into 4 different areas of
interest (that consequently defined the different sub-
scales of the questionnaires). Examples of statement
describing the services and consequently the questions
are: “Monitoring the movement of the person inside
the house”; “Monitoring blood glucose levels in blood
(glycemia)”; “Support the elderly person in remember-
ing to take medicine or perform medication”; in the
Figs 5, 6, 7 and 8 a synthetic version of the descrip-
tion of all investigated services (i.e., all items of the
questionnaire) is provided that show the typology of
questions that participants were asked to assess with
respect to perceived usefulness and acceptance.

4.4.2. Material

The questionnaires to assess the perceived useful-
ness have been based on the following 5-point Likert
scale:

1= strongly useless

2= useless

3= neither useless nor useful
4= useful

5= strongly useful

A similar scale was adopted to access the accept-
ability variable. In this light items were repeated in the
questionnaires and participants were asked to rate also
on acceptability according to the following scale:

1= strongly unacceptable

2= unacceptable

3= neither unacceptable nor accept-
able

4= acceptable

5= strongly acceptable

The overall questionnaire consisted then of 45 items
for usefulness and 45 items for acceptability.

Internal consistency of the subscales has been as-
sessed through the Cronbach’s Alpha. The computed
coefficients revealed good reliability for all the sub-
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Table 2 Table 3
Crombach’s Alpha coefficient for each subscales Opinions of participants toward technology. Percentage scores

Usefulness Acceptability EP CG HP
Physiology monitoring 0.91 0.92 Completely negative 0 0 3.6
Social interaction monitoring 0.78 0.82 Quite negative 0 0 3.6

Activity monitoring 0.91 0.93 Neither negative nor positive 12.8 3.1 0

Environmental factors 0.82 0.78 Quite positive 69.2 43.8 50
Completely positive 17.9 53.1 429

scales both for usefulness and for acceptability (see Ta-
ble 2).

Considering that questionnaires had to be adminis-
tered to three different kinds of users (primary users
and two different types of secondary users), different
variants were developed in order to find the most suit-
able version according to the users’ language and un-
derstanding. Specifically, the same questions were for-
mulated in different ways depending on the user’s ty-
pology. For primary users (older persons) the questions
were developed avoiding technical terms. The applica-
tion and response to the questionnaire was individual.

4.4.3. Participants

We recruited 105 persons for this evaluation phase.
Specifically 44 primary users were the elderly people
(EP), and a total of 61 secondary users participated
in the study. More specifically, 33 informal caregivers
(CG) were recruited among primary users’ relatives
or friends, and 28 Health Professional caregivers (HP)
such as physicians, home care assistants, psycholo-
gists, nurses, and physical therapists. The elderly were
for the most part women (74.4%), and they were on av-
erage 79.5 years old (SD = 7.32). The most prevalent
educational level was quite low, in fact 51.3% of them
attained just the primary school, and for the most part
they were retired (92.3%), and lived alone (48.7%).
When they were asked about their health status just
few of them judged themselves as satisfied with their
condition. In fact, only 18% rated their condition as
completely satisfactory. Regarding the informal care-
givers, 15 were females and 18 males. The mean age
was 49.3 years old (SD = 8.29). The most part of them
attained the high school (54%) and only 42% got a uni-
versity degree. For the most part these persons were
still working (96%), thus having the need to arrange
their job with their caring activities.

The subgroup Health Care Professional were com-
posed by 16 females, and 12 males. They were on av-
erage 45.93 years old (SD = 10.71).

Elderly people were recruited mainly into day care
centers (Associazione Arca di No¢ and Virtus Italia).
Care Givers were recruited with the help of the above

mentioned organizations and Health Professionals into
ASL. All subjects were also asked about their attitude
toward technology in general.

The whole sample expressed a positive attitude to-
ward it, no one stated negative opinions, except for two
health care professionals (see Table 3 for details).

4.4.4. Statistical analyses

Statistical analyses were conducted in order to as-
sess different levels of perceived usefulness and ac-
ceptance for each parameter or event to monitor. More
specifically, we relied on the analysis of the variance
with one factor, three levels (Subjects - EP,
CG, HP). First, the four sub-scales identified in Sec-
tion 4.4.1 were considered, in order to investigate dif-
ferences in general areas among subjects. Specifically,
we wanted to investigate whether there are some mon-
itoring areas considered as more important than others
in order to support independent living. Subsequently,
within each sub-scale, the single items were taken into
account, in order to investigate different degrees of
perceived usefulness of single parameters and events
(items) to be monitored. Finally, in order to assess if
usefulness is associated to acceptability, correlation
analyses were performed. In particular, correlations
among four usefulness sub-scales and acceptability
sub-scales were calculated.

4.4.5. Results

The whole sample seems to perceive the overall sys-
tem as a useful support to independent living, as the
scores of the usefulness of the system were quite high
(see Fig. 4). The categories Physiological Monitoring
and Environmental Monitoring received the highest
scores. Specifically, participants rated the usefulness
of physiological monitoring as 4 mean score (SD =
0.65); the usefulness of home monitoring as 4.24 mean
score (SD = 0.41); the usefulness of person’s activi-
ties monitoring as 3.80 mean score (SD = 0.56) and
the usefulness of facilitating social interaction as 3.73
mean score (SD = 0.45).

When performing mean difference analyses among
users, no significant differences emerged with respect
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Fig. 4. Overall assessment of the AAL system per category: Means
— scores 1-5.

to the perception of usefulness of the four sub-scales.
This means that all monitoring areas are perceived by
older people, caregivers and health professionals as
equally useful. In order to test if gender could affect
this perception, we also performed a mean comparison
within each user group considering usefulness rating in
the sub scales as independent variable. No significant
differences emerged. This means that both males and
females equally rated the usefulness on every monitor-
ing areas.

After this analysis we also applied the Anova test
on the data of each sub scale in order assess possible
differences among the single individual items within
each sub-scale.

Social interactions. Overall all items related to the
ability of the system to support social interac-
tion were rated as useful by the participants (see
Fig. 5). The means values give a quantitative in-
dication of the perceived usefulness for each spe-
cific monitoring service. Specifically, facilitating
social interaction between the elderly and the
physician (item 12), between the elderly people
and their relative who takes care about him/her
(item 24), and between the elderly person and the
home care assistant (item 14) are considered all
as useful. Also the possibility of issuing a report
of the elderly person’s day to a relative or to a
trustworthy person (item 13), and even more the
possibility of warning relatives in case of dan-
ger for the elderly (item 29) have been judged as
important services. Finally, the reminding func-
tions of the AAL system, such as reminders for
medications or taking medicine (item 15), and
the support for the contact between the doctors
and the patients for monitoring physiological pa-
rameters after hospitalization or for any illness
(item 11) seem to be important aspects to im-
plement in AAL solutions. Nevertheless, giving

ITEM 11

ITEM 12

ITEM 13 - J G
[T EU— s =
ITEM 24
ITEM 28
ITEM 29

Item Description EP - HP
ITEM 11 Contact for monitoring physio parameters 443 4.58 4.54
ITEM 12 Facilitation of contact with the doctor 4.16 4.48 4.25
ITEM 13 Report of the day to a caregiver 3.68 3.79 4.11
ITEM 14 Contact with home care assistance 3.86 3.97 4

ITEM 15 Contact to remind or help in taking medication 4.16 4.55 4.32

ITEM 16 Contact a relative if lights are on during night 35 3.45 3.43

ITEM 24 Contact with family members 4.11 4.27 3.89

ITEM 28 Forced virtual visit in case of emergency 4.41 4.52 4.04

ITEM 29 Message to a secondary user in case of danger 4.57 4.64 4.32

Fig. 5. Social interaction area. Mean scores given by the different
users (EP, CG and HP) to each item: Scale 1-5.

a direct notice to a relative if there are lights
on during the night (item 16) seems not to in-
terest the users, with no significant differences
among users type. Only item 28 (forced entry by
a close relative or a trustworthy person in case
of emergency®) revealed significant differences
among users (F(2,104) = 3.75; p = 0.027). More
specifically caregivers (M = 4.52; SD = 0.57)
rated this system service significantly more use-
ful than health professionals (M = 4.04; SD =
0.83).

The means values for each item and an explana-
tion of the items are depicted in Fig. 5.

Person activities monitoring. The idea behind this
set of services is to monitor specific activities of
daily living that are indicative of well-being and
autonomy of the elderly.

As shown in Fig. 6, primary users rated all ser-
vices as less useful than secondary users on aver-
age.

Some of these differences resulted statistically
significant. The significant results are related to

OThis is a specific capability that allows one component of the
GIRAFFPLUS system, i.e., the GIRAFF robot to force the usual oper-
ational functionalities. It enables an authorized client to bypass the
old person authorization and connect with the home environment.
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Item Description EP - HP
ITEM 1 Detection of the person’s position at home 3.55 3.85 4.14
ITEM 2 Monitoring movements in the house 3.48 3.91 4.11
ITEM 3 Detection of absence of movements 3.73 4.12 4.32
ITEM 4 Temporal monitoring of persons’ position 3.52 3.61 3.93
ITEM 6 Detections of changes in routines 3.73 3.76 3.82
ITEM 7 Monitoring person’s activities during night 3.68 3.76 3.79
ITEM 8 Monitoring the ability to prepare meals 3.23 3.52 3.76
ITEM 9 Monitoring the time taken to prepare meals 3.32 3.24 3.36
ITEM 10 Monitoring time spent in the shower or bath 3.59 3.61 3.57
ITEM 18 Monitoring the frequency of use of the fridge 2.84 291 3.21
ITEM 21 Monitoring frequency of social interactions 3.59 3.55 3.82
ITEM 22 Detection of a decline in the mobility 4.09 4.15 4.11
ITEM 23 Detection of person’s absence at unusual time 3.8 4.39 3.93
ITEM 27 Monitoring the use of home appliances 3.39 3.55 3.64
ITEM 38 Fall detection 464 479 4.39
ITEM 42 Detection of time spent in bed 3.95 3.85 4

ITEM 45 Monitoring the ability to maintain balance 3.91 4.03 4.04

Fig. 6. Person monitoring area. Mean scores given by the different
users (EP, CG and HP) to each item: Scale 1-5.

the detection of the person’s presence inside the
home, i.e., detecting the position of the per-
son inside the house (item 1; Fo 104y = 3.84;
p = 0.025), and monitoring both the movement
(item 2; Fo,104y = 5.19; p = 0.007) and the
absence of movement (item 3; F(2 104y = 3.70;
p = 0.028) of the person inside the house.
Indeed, both these two items were rated more
useful by health professionals than by elderly
people who rated them significantly less impor-
tant and useful on average. All the other items,
which cover areas like persons’ mobility and
daily routine, were rated as useful by all respon-
dents. The only exception is related to the nu-
trition capabilities, item 9 (monitoring the time
taken to prepare for lunch) and item 18, mon-
itoring the frequency with which the refrigera-
tor is opened by the person. In fact respondents
did not seem interested in these two types of ser-
vices.

ITEMAL  1remas

HP
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ITEMa4
Item Description EP - HP
ITEM 17 Monitoring vital signs at night (breathing) 4.2 4.27 4.46
ITEM 19 Detection of body ?uids on sofas, beds, etc. 345 3.89 3.82
ITEM 34 Monitoring heart rate activity 445 43 4.36
ITEM 35 Monitoring body temperature 4.36 4.33 4.28
ITEM 36 Monitoring blood glucose levels (glycemia) 4.3 4.21 4.14
ITEM 37 Monitoring blood oxygen levels (oximetry) 4.18 4.21 4.11
ITEM 39 Monitoring body temperature 391 3.94 3.86
ITEM 41 Determining episodes of incontinence; 3.55 3.7 3.71
ITEM 43 Monitoring the person body weight 3.61 3.55 321
ITEM 44 Monitoring the person’s sleep 3.64 3.55 3.64

Fig. 7. Physiological monitoring area. Mean scores given by the dif-
ferent users (EP, CG and HP) to each item: Scale 1-5.

Finally, the main concern seems to be connected
with the possibility of the system to be able fo de-
termine if the person falls to the ground (item 38).
In fact, all the respondents rated this feature as
extremely useful with the higher score given by
caregivers.

Physiological monitoring. Also for the physiological

monitoring usefulness, an analysis on each sin-
gle service was performed. No significant differ-
ences among subjects were found. In fact, elderly
people, caregivers, and health professional gave
a similar average score on the usefulness of this
type of services.

Specifically, Fig. 7 illustrates how they all con-
sidered each service or parameter monitoring as
useful. Nonetheless, monitoring parameters that
represent vital signs or age-related diseases, such
as hearth functions (item 34), blood pressure
(item 35), glycaemia (item 36), and oximetry
(item 37) obtained higher score. This is also true
for monitoring such parameters during the night
(item 17).

Home monitoring. The environment monitoring is

considered by every respondent as an important
service that an AAL system could offer.

Figure 8 shows that services referring to the de-
tection of potentially dangerous environmental
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situations (item 5) were rated as more strongly
useful to monitor. Specifically, gas leaks detec-
tion (item 30), detection for presence of risky sit-
uations for the development of fire (item 32), and
detection of water leaks (item 33) were consid-
ered strongly useful to be integrated within the
system.

Usefulness and acceptability. As depicted in Table 4,

results show significant positive correlations be-
tween usefulness (U) and acceptability (A) in ev-
ery sub-scale.

We may infer that participants perceived as ac-
ceptable what they consider useful with respect to
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Item Description EP - HP
ITEM 5% Detection of danger (i.e. gas leaks, risk of ?re) 4.68 4.82 4.89
ITEM 20 Detection of objects that could cause falls 3.95 391 4.21
ITEM 25 Detection of open doors in the house 4.14 4.33 3.68
ITEM 26 Detection of lights on in the house 3.66 3.27 3.14
ITEM 30 Detection of gas leaks 4.73 4.82 4.54
ITEM 31 Monitoring extreme temperatures 3.66 4.18 3.93
ITEM 32 Detection of risk of ?re 4.5 4.67 4.64
ITEM 33 Detection of water leaks that may cause ?00ds 4.45 4.48 4.54
ITEM 40 Detection of taps left open (water in the ?o0r) 4.41 4.24 393

Fig. 8. Home monitoring area. Mean scores given by the different
users (EP, CG and HP) to each item: Scale 1-5.

Table 4

every area supported by the system. This means
that the more a service is considered useful, the
more it is accepted by users.

Priority of functionalities. Considering the feedback

gathered from users and presented above, a fur-
ther refinement has been performed in order to as-
sign a specific priority to each functionality and,
then, elicit an additional valuable indication for
system design phases. Specifically, three different
priority levels have been considered: KEY, DE-
SIRABLE and OPTIONAL.

A requirement is assigned a KEY level of prior-
ity when at least two end user types (i.e., EP and
either CG or HP) estimate the associated item as
useful (point 4 in the scale). For instance, within
Person activity monitoring, detecting a decline in
the mobility of the older person (item 22) is a key
requirement since all end user categories assessed
such functionality as useful, i.e., MEP = 4.09,
MCG = 4.15 and MHP = 4.11. This means that
a KEY priority is assigned to user requirements
whose utility is perceived as important by both
the older person and a caregiver (being a profes-
sional caregiver or not), i.e., a potential positive
effect is for both kind of users. A requirement is
DESIRABLE when at least one end user type
evaluates the functionality as useful. An exam-
ple is Monitoring extreme temperatures (item 31)
in Home monitoring category considered useful
by caregivers MCG = 4.18. This means that a
DESIRABLE priority is assigned to user require-
ments whose utility is perceived as important by
either the older person or a caregiver with a po-
tential positive effect for only one kind of users.
Finally, a requirement is OPTIONAL when none
of the user category assessed the functionality as
useful. A clear optional requirement is monitor-
ing body weight (item 43) in Physiological mon-
itoring, since it is not considered useful by any

Correlation between usefulness and acceptability in each sub-scale

1 2 3 4 5 6 7 8
(1) U_COMMUNIC 1
(2) U_PHYSIOL 0.606 1
(3) U_PERSON 0.657 0.734 1
(4) U_ENVIRONM 0.640 0.558 0.597
(5) A_LCOMMUNIC 0.752 0.445 0.559 0.564 1
(6) A_PHYSIOL 0.524 0.743 0.703 0.465 0.614 1
(7) A_PERSON 0.584 0.646 0.845 0.523 0.653 0.796 1
(8) A_LENVIRONM 0.550 0.438 0.458 0.710 0.706 0.499 0.563
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Table 5
Functionalities priority distribution
Category KEY DES OPT
Social interactions 5 3 1
Person activities monitoring 2 9
Physiological monitoring 5 5
Home monitoring 4 4 1
Total 16 13 16

of the end users. The OPTIONAL priority means
that the service is not perceived as really use-
ful.

This kind of analysis generated a mapping from
functionalities into classes of priorities. A syn-
thetic description of the distribution of such clas-
sification is depicted in Table 5.

A detailed description of priority assignment is
depicted in Table 6. It is worth noting that the
high number of optional priorities assigned in
both person activities and physiological monitor-
ing is mainly related to privacy issues, i.e., users
do not feel as useful/acceptable to have some vital
signs (e.g., weight) or activities (e.g., time spent
in bathroom) monitored.

5. Discussion and implications for system design

The investigation presented above was aimed to
identify and validate the type of parameters, events, or
situations particularly important to be detected and/or
monitored in order to support elderly people at home
through intelligent technology and AAL solutions. The
goal was also to elicit a set of crucial features for
AAL systems addressing specific issues within each
ICF area in order to support the prevention of early de-
terioration of healthy conditions, and to promote inde-
pendent living for the elderly. The assignment of pri-
orities to each of these features has been set to influ-
ence the design, development and deployment of the
GiraffPlus solution and, thus, enhancing its potential
efficacy. The rest of this section presents a discussion
addressing different macro categories and relating re-
sults (and assigned priorities) to the analysis of prac-
tical implications for the system. A set of significant
scenarios has been defined to present concrete situa-
tions (i.e., relevant use cases) in which the users of the
system can leverage its features.

Table 6
Functionalities priority assignment
Functionality Priority
Social interactions
Contact for monitoring physiological parameters KEY
Facilitation of contact with the doctor KEY
Report of the day to a care giver DES
Facilitating contact with home care assistance DES
Support the person in remembering to take medicine KEY
Notice if there are still lights on during nights OPT
Facilitating contact with family member DES
Forced entry in case of emergency KEY
Warning of danger to a caregiver KEY
Person activities monitoring
Detecting the position DES
Monitoring the movements DES
Detection of the absence of movement DES
Temporal monitoring of position OPT
Detection of changes of habits OPT
Monitoring of a person during night OPT
Monitoring a ability to prepare lunch alone OPT
Monitoring the time taken to prepare for lunch OPT
Monitoring of time spent in the shower/bath OPT
Monitoring the frequency the refrigerator is opened OPT
Monitoring the frequency of social interactions OPT
Detecting a decline in the mobility of the person KEY
Detection of person’s absence at unusual hours DES
Monitoring of the use of the stove in time OPT
Determining if the person fall to the ground KEY
Monitoring the person keeps staying in bed DES
Monitoring the person’s ability to maintain balance DES
Physiological monitoring
Monitoring of vital signs during the night KEY
Detecting the presence of body fluids OPT
Monitoring heart rate activity KEY
Monitoring body temperature KEY
Monitoring blood glucose levels in blood KEY
Monitoring blood oxygen levels KEY
Monitoring body temperature OPT
Determining episodes of incontinence OPT
Monitoring the person body weight OPT
Monitoring the person’s sleep OPT
Home monitoring
Detection of dangerous situations KEY
Detection of misplaced objects DES
Detection of open doors DES
Detection of lights on OPT
Detecting gas leaks KEY
Monitoring extreme temperatures DES
Detecting development of fire KEY
Detecting water leaks KEY
Detecting taps left open DES
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5.1. Practical implications for a real AAL system

An important aspect that emerged from the study is a
general good attitude towards the use of AAL technol-
ogy. Both primary and secondary users expressed pos-
itive feelings toward the technology. Specifically, both
during the focus groups, and through the question-
naires administration, positive impressions emerged
with respect to the proposed intelligent system. No
negative opinions on the system and services emerged
from the entire sample. At the same time, investigat-
ing the relation between the system’s usefulness and
acceptability, interesting results emerged. People seem
to be confident in what they consider useful. A positive
correlation between these two dimensions was found
which might mean that people are not so distrustful
of this kind of support. In other words, the perceived
benefits that intelligent AAL solutions could bring to
the elderly, seems to mitigate the negative effect of
other concerns like privacy or mistrust. Nevertheless,
a subtle issue about privacy still emerged. Especially
in those cases where elderly people (primary users)
had to deal with aspects related to their own activities
monitoring, the expressed judgments were slightly less
positive than the ones of the other participants (sec-
ondary users).

This consideration could be interpreted as a com-
prehensible concern about privacy and fear of being
controlled by other persons. It is worth underscoring
how this aspect should not be underestimated when
building any kind of assistance and support technol-
ogy. The emerging discussion about privacy has im-
plications also for the system development. A twofold
perspective could be adopted: (a) service perspective
and (b) data policy perspective.

Implications for practice (IP) 1a: For the first aspect,
this study suggests that an ideal system should
be customisable so as to respect the user’s prefer-
ences in terms of “level of invasiveness” (i.e., the
user should be able to decide the level of monitor-
ing invasiveness). Consequently, also the offered
services may be tailored according to the avail-
ability of data. This entails to ensure service per-
sonalization.

Implications for practice (IP) 1b: From the second
point of view, the relevance of implementing suit-
able data policies within the technical require-
ments for the design of an AAL system should be
taken into account. In particular: the system shall
protect stored data related to the old people activ-

ities against accidental and/or unlawful destruc-
tion/loss/alteration as well as unauthorized or un-
lawful storage, processing, access or disclosure;
it shall allow access to personal data only by au-
thorized personnel and only for legally authorized
purposes. Reliable security mechanisms for both
storage and communication processes should be
implemented and a clear and effective data ac-
cess policy should be defined to avoid not proper
access to data.

The IP is consistent with the data protection direc-
tive (Directive 95/46/EC), EU regulation that applied
during the project and that it is still consistent with
the new General Data Protection Regulation (GDPR)
(Regulation (EU) 2016/679). The EU GDPR has been
adopted on 27 April 2016 and will apply from 25 May
2018.

In addition to the general aspect, different action ar-
eas have been considered within the study, which in-
cludes social interaction, physiological data detection,
environmental and person activities monitoring. All
these areas of support have been considered as rele-
vant by all participants. This result suggests the impor-
tance to develop a comprehensive solution to support
elderly, trying to cope with their frailty in a compre-
hensive and pervasive way. Safety (both environmental
and physical) represents a crucial issue to address as
also already found in [10]. Indeed, monitoring danger-
ous situations at home, and monitoring vital sign was
found to be very important. Results suggest how the
ability of the system to handle critical events both real
(e.g., risk of fire) and perceived (i.e., fear of falling) is
particularly important and appreciated.

5.1.1. Social interactions monitoring

Results from the literature review show that social
interactions is perceived as a means to contribute to a
good QoL and better health for the elderly. Maintain-
ing relationships, especially with family and friends
is considered very important. Loss of relations might
on the contrary lead to poorer health [4]. In line with
this consideration, results of our study show that fa-
cilitating communication between the elderly and rela-
tives is a useful service both for primary and secondary
users thus suggesting that this could be a relevant ser-
vice that an AAL system should provide. At the same
time also communication with doctors, or home care
assistants emerged to be a relevant issue to improve
through the system. In fact, another way to exploit the
“social/communication ability” of the system, seems
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to be its use to facilitate the doctors’ work after hospi-
talization.

Overall, it clearly emerged that after an hospitaliza-
tion period, patients usually feel abandoned and man-
ifest the need to maintain a contact with their care
givers. The AAL system could then be seen as a means
to continue and prolong the monitoring and interac-
tion period started at the hospital and then activated
from home thus allowing a continuous monitoring of
both physiological parameters and psychological con-
ditions. Indeed, all users participating at the survey
considered it as a strongly useful service.

IP 2: The presence of a technological component for
enabling remote social interactions, such as the
telepresence robot or an alternative solution con-
stitutes a crucial element in an AAL system. In
fact, the presence of such a technology can facil-
itate social interactions bridging the gap between
primary and secondary users who live far from
each other or, also, when physical visits are not
possible. Additionally, when the old person is not
able to go outside the house (e.g., due to a physi-
cal condition) a technology enabling interactions
with the external world can play the role of a
social hub potentially fostering interactions with
relatives, friends or healthcare professionals.

More in details, informal caregivers found also par-
ticularly interesting and useful the possibility to have
access to the living environment through the system
and “virtually enter” into a house from remote loca-
tions (by means of the telepresence robot). This con-
firms the importance for relatives (or even friends) to
provide assistance as promptly as possible. Indeed, in
case of emergency, e.g., when a old person falls in
the house, the robot would allow to remotely visit the
house, to check the actual situation as well as to pro-
vide some initial comfort to the person and, then, to be
able to inform in advance paramedics about the situa-
tion in case their intervention is required.

5.1.2. Warnings and periodic reports

Other specific functions connected to the one just
mentioned are considered as useful. For example, all
users recognized the usefulness of the possibility to get
a warning or alarm from the system in case of danger-
ous situations detected by the sensors.

IP 3: A set of warning/alarm services should be im-
plemented in an AAL system considering also
redundant channels (e.g., pre-registered phone

calls, SMS, emails, etc.). This is crucial to in-
form secondary users about potentially risky sit-
uations that may occur in the house and thus en-
hancing the safety condition for the old person.
Additionally, the system could also guarantee the
possibility to receive every day a sort of report
on the elderly activities/status in order to reas-
sure caregivers and relatives on the fact that ev-
erything went right during the day. The AAL sys-
tem is then supposed to process and analyze the
data gathered by sensors in the houses in order to
produce concise information and generate daily
reports containing aggregated and synthetic view
of information for secondary users. Such reports
should be generated taking into account also the
relevant perspectives related to the different kind
of users. In general, reports should provide dif-
ferent information to healthcare professionals or
relatives and friends. In this sense, personalized
services are crucial in order to adhere to users ex-
pectations.

5.1.3. Activity monitoring

A pervasive positive opinion about the monitoring
mobility and balance decline has been found. The
whole sample rated these services as particularly use-
ful. A further confirmation of this result is also that par-
ticipants unanimously rated the “detection of the per-
son position”, “person motion”, and “motion absence”
within the house, as a useful service. In this light de-
tecting changes of body position in order to predict
disability could be particularly useful. Different cate-
gories of users evaluated these functions slightly dif-
ferently. Specifically elderly people found them less
useful than secondary users. This finding can be inter-
preted as a fear perceived by the elderly to be “inva-
sively monitored”. The idea to be monitored in terms
of movement inside their house does not seem to be
particularly appreciated, even if they rated it as a useful
issue. Some household tasks that contribute to main-
tain independence were also investigated. Specifically,
the ability to prepare food has been taken into account
since it can be considered as predictor of physical de-
cline, survival, and quality of life. Specifically, cogni-
tive impairment is an important factor related to poorer
nutritional status and increased need for assistance and
care [34], and good nutritional status is important to
preserve independent living [35]. In this respect, three
kinds of detections were considered: the ability to pre-
pare food, the time taken to do it, and the frequency
with which the person opens the refrigerator. Respon-
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dents seem not to consider these aspects as important
for the system implementation. Maintaining a routine
in daily activities seems on the contrary to be impor-
tant. In fact, the detection of changes of person’s habit
in the daily activities inside the house (e.g., the per-
son wakes up too late with respect to usual standards;
the absence from the house is detected during unusual
hours, e.g., overnight), can be seen as early sign of po-
tential decline. In line with these findings the whole
sample rated this type of service as useful recognizing
its value in supporting prompt interventions in case of
anomalies. Moreover, it is important to highlight that
the main concern observed among elderly regards falls
and fear of falling. In fact, monitoring possible per-
son’s falls is the item that received the highest score
from the whole sample.

IP 4: A suitable set of environmental sensors should
be constituted by typical telecare sensors, i.e.,
a set of binary sensors capable of sending sig-
nals to alert that a threshold has been crossed.
Considering users preferences related to monitor-
ing motion and position at home, a suitable set
of sensors can be the following: (a) Fast Passive
InfraRead (PIR) motion detectors for monitoring
of movement, (b) bed/chair occupancy sensors for
monitoring location in the house, (c) doors us-
age sensors for their opening and closing, and
(d) electrical usage sensors for monitoring ap-
pliances utilization. Moreover fall detection sen-
sors are also to be considered. The AAL system
should also deploy an intelligent monitoring pro-
cess service capable of analyzing and infer the ac-
tions performed by the user in the home process-
ing the amount of data generated by such sensors.
Then, the system should be also able to generate
more meaningful information about activities and
performing high-level reasoning over them. Then,
inferred data can be exploited also to monitor ac-
tivity patterns and generate alerts in case devia-
tions from usual behaviors are detected (e.g., the
system should detect cases in which an electrical
device, e.g., a toaster, is forgotten switched on).

5.1.4. Vital parameters monitoring

Concerning body functions, literature evidences
showed that several different functions might be risk
factors of increased dependency. This means that de-
tecting specifics changes in body functions could help
both in preventive actions and in risk situations. Also
disturbed sleep is associated with decreased ADL ca-

pacity, risk of falls and poor quality of life [31,45]. In
this line, monitoring the person’s sleep, both in terms
of motion (e.g., if he/she moves a lot during the night
this could be a sign of a disturbed sleep), and in terms
of vital signs (e.g., heart rate, breathing etc.), was con-
sidered by the whole sample as a useful function for
AAL systems. As regard physiological monitoring,
people were asked to answer about usefulness in mon-
itoring specific parameters like blood pressure, gly-
caemia, oximetry, and body temperature. All partici-
pants rated all parameters as particularly useful. These
results are also in line with evidences in literature. For
example, research suggests that decreased functions of
the cardiovascular systems are risk factors of decline
in ADL and recurrent falls [21], and these kinds of de-
tections may help in evaluating early signs of dysfunc-
tion. Overall the findings about useful in detection of
incontinence situations are also in line with evidences
that problems of urinary function are associated with
increased dependency in ADL and risk of falling [45].
A similar trend is the result related to the monitoring
of the presence of body fluids such as urine, blood, or
sweat on sofas or beds, which have been considered as
a useful function in the system by all participants.

IP 5: AAL systems should be endowed with telemon-
itoring medical devices enabling the possibility of
storing assessments of vital parameters. An AAL
system should be then capable of detecting and
storing biomedical parameters (e.g., blood pres-
sure, blood glucose, weight, oxygen saturation,
temperature, among others) and providing that in-
formation both for reporting and high-level rea-
soning.

5.1.5. Home environment monitoring

Environmental factors resulted to be predictors of
independent living functioning among elderly people.
Such type of monitoring functionality might improve
both social functioning and a feeling of safety. This
means that people valued the home highly and that liv-
ing in their own place could contribute to good qual-
ity of life [4,28]. In this direction, when asking to peo-
ple about the usefulness of the detection of danger-
ous environmental situation, all participants recognize
it as strongly useful. Similar results have been obtained
about detection of gas leaks, and risky situations for
the development of fire detection.

IP 6: In addition to telecare sensors discussed above,
an AAL system should be equipped with a fur-
ther set of environmental sensors to specifically
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address dangerous situations such as the ones in-
dicated above. Among the sensors in the ADLife
product line, some support a wide range of risky
situations such as fire detection, flood detection
and gas leak detection sensors. These sensors
can generate suitable information to raise alarms
and/or warnings about risky conditions and un-
safe situations that may occur in the living envi-
ronment and they can fully support home moni-
toring enabling an AAL system to ensure safety
conditions.

5.2. Relevant AAL scenarios

The analysis of results also allowed envisaging a
set of possible scenarios as particularly relevant for
the considered AAL domain. This section describes a
sketch of three possible scenarios that were recurrent
in the focus group analysis and, thus, judged as par-
ticularly appropriate to inspire the use case definition.
Such scenarios show concrete situations in which users
(both primary and secondary users) may leverage sys-
tem features taking advantage of their capability. Such
scenarios constitutes a set of significant use cases to
show how the system effectively address actual needs
requested by users and, then, to provide technology
providers and services developers with concrete refer-
ence to design and develop the actual AAL system. For
each of the three scenarios, a set of information is pro-
vided: a brief description, the type of users involved,
the possible role of the AAL system, the sensors and
the main parameters to be monitored and relevant to
the case study and, finally, the more relevant user re-
quirements and implications for practice (IP) discussed
above.

5.2.1. Monitoring a physiotherapy protocol

A first scenario is constituted by the case of an el-
derly user following a protocol for physiotherapy reha-
bilitation. In Fig. 9, a schematic idea of the scenario is
depicted. The envisaged primary user is an old person
at home following a physiotherapy treatment protocol
while the secondary user is a physiotherapist in charge
of monitoring the elderly during the rehabilitation pe-
riod. In a rehabilitation protocol, the physiotherapist
aims to fully restore the ability to move in a patient.
In this perspective, the physical therapist is supposed
to assign to the elderly a rehabilitation protocol strictly
related to his/her physical condition. The system can
register relevant information such as for example: how
much time during the day the patient spends in bed,

Fig. 9. Scenario 1: monitoring a physiotherapy protocol.

sitting, standing and moving positions. Such informa-
tion can be provided periodically (e.g., on a daily ba-
sis) to the physiotherapist at the level of detail or as
a cumulative data. In this way the therapist is able to
gather an objective measure of the physical activity of
the patient and possibly correct the protocol itself. In-
deed, the time spent in certain activities can be con-
sidered as “normal” only within certain limits. Thus,
collecting data over a certain period would also en-
able the therapist to perform an assessment of the user
reactiveness to the therapy. Another important service
is to enable the possibility of performing “Rehabilita-
tion Session” exploiting the “telepresence” robot, i.e.,
having the physiotherapist connected through the robot
to assist the primary user while performing rehabilita-
tion exercises, assessing them and providing sugges-
tions/comments remotely.

The relevant sensors needed in this specific case are
mainly related to environmental parameters dedicated
to localize the position and the status of the user in the
house, while a telepresence robot could be exploited to
implement the rehabilitation sessions. In general, the
principal requirements involved in the scenario are re-
lated to the need to facilitate contacts between the per-
son and healthcare professionals, to monitor the pri-
mary user position in the house, to provide periodic re-
porting to a secondary user and to support the detection
of changes in primary user habits.

This scenario requires to provide a proper data pol-
icy to implement suitable privacy issues management
for sensible data about the health condition of the pri-
mary user (IP 1) as well as increase the frequency of
interactions between the physiotherapist and the older
person through the robot (IP 2) and hopefully increas-
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ing the effectiveness in therapy monitoring. Then, the
generation of periodic reports can help the physiother-
apist in being aware about the actual conditions of
the older person (IP 3). The deployment of intelligent
monitoring techniques can actually support the detec-
tion of specific issues such as, for instance, incorrect
adherence to therapy prescription would support early
detection by the system of specific issues (IP 4).

5.2.2. Monitoring after de-hospitalization

One of the recurring situations among the elderly
is related to de-hospitalization periods, who are dis-
charged from hospital to return in their home and do
not receive regular and continuous support by medi-
cal staff. In such cases, the problem is usually consti-
tuted by the inability/difficulty to maintain a constant
and frequent contact between formal caregivers and
the elderly person, sometime also worsened by the fact
that many elderly people also have few relatives that
can take care of them at home. Figure 10 provides a
schematic idea of such scenario: an AAL system could
act as a facilitator for such monitoring.

The primary user is an elderly person at home after
a period spent in hospital while the secondary users are
the medical staff monitoring physiological parameters
as well as psychologists and/or social operators mon-
itoring the psychological condition. The assisted liv-
ing system can support the users in two different direc-
tions. As a support for psychological monitoring: the
telepresence robot can contribute to maintain a contin-
uum with the care and support received in the hospi-
tal, also ensuring that the monitoring service is more
frequent. Obviously the monitoring service results as a

How do you
feel today ? e y

o)

Fig. 10. Scenario 2: monitoring after de-hospitalization.

combination of remote (through the robot) and physi-
cal assistance (through real visits). Health monitoring:
the system allows monitoring of vital parameters after
de-hospitalization, in particular those specifically con-
nected to the given de-hospitalization condition (e.g.,
related to a surgery or a specific pathology). Moreover,
allowing continuous and frequent contact, a doctor can
also better assess a therapy protocol and, in case of
need, plan for changes or ways to better customize it.
Thus, the aim is to check whether the post-hospital pe-
riod proceeds properly and, if necessary, to support a
doctor with evidences that may lead to changes in the
treatment.

The relevant sensors and parameters are mainly re-
lated to physiological monitoring, and again, the robot
for remote communications. The principal require-
ments involved in this scenario are to facilitate con-
tact between the person and healthcare professionals,
to provide medical support and to monitor the vital
signs of the user.

Proper data policy and privacy issues management
is a crucial aspect also here (IP 1). Remote assis-
tance through the telepresence robot is an essential as-
pect (IP 2) to implement a continuous care and close
monitoring of older person conditions. Period of de-
hospitalization for elderly may constitute a really del-
icate situation and thus the possibility for secondary
users to receive warning and/or periodic reports about
his/her status can help in tightly monitor the actual
conditions of the older person (IP 3 and IP 5).

5.2.3. Daily activity monitoring by an informal
caregiver

The third scenario envisages a (general) daily mon-
itoring of the elderly person by an informal caregiver
(e.g., a son or a close relative). In Fig. 11, a schematic
idea of the scenario is provided in which the technol-
ogy can constitute a means to detect risky situations
as well as provide secondary users with warning mes-
sages.

The involved primary user is an old person living
alone at home and assisted only by a secondary user,
i.e., an informal caregiver, e.g., a son or a close relative
of the elderly people who takes care of him/her.

In this scenario, the role of the AAL system is to
detect risky situations such as falls and, according to
pre-defined emergency protocols, the system is to re-
act providing the related secondary user with a warn-
ing/alarm message. Additional relevant services can
be, for instance, to perform monitoring of some envi-
ronmental events and, more in general, to infer the ac-
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)

Fig. 11. Scenario 3: Daily activity monitoring by an informal care-
giver and possible warning messages.

tivities performed by the person inside the house, e.g.,
monitoring of ADL activities in the different rooms of
the house. Such information can be then presented to
the informal caregiver as a further evidence of particu-
lar situations that may occur in the house.

The relevant sensors and parameters are mainly en-
vironmental sensors and parameters. The principal re-
quirements involved in the scenario are related to de-
tect risky situations, in particular detecting falls, and to
provide warning notices to secondary users, to monitor
the activities performed in different home places and
providing periodic reporting to secondary users.

In this scenario, the main focus is on exploitation of
data generated by sensors to check for risky situations
(IP 6) as well as generate alarms for informal care-
givers (IP 3). Yet another scenario in which data policy
and privacy issues management are to be considered
Ip1).

6. Limitations of the study

This work presents a systematic analysis on users’
needs and preferences on a complex assistive system
aimed to support both the elderly live independently
in their own homes and their carers. Nevertheless we
recognize some limitations of the study which open the
path to further investigations.

One of the limit is that our results focus on the Ital-
ian situation, while a cross-cultural investigation with
a comparable sample in terms of participants would

have ensured a wider impact and also the emergence
of possible differences among populations.

Additionally the present investigation focused
mostly on users’ needs in terms of services to be deliv-
ered through the system, while less attention has been
paid on aspects such as the impact and preference on
single components to be deployed in the user’s envi-
ronment. For instance, we relied on the idea of using
a telepresence robotics platform as a means to support
communication related service but this work did not
report the investigation on users’ feelings with respect
to the robotic platform, its appearance and users’ pref-
erence on interaction style. Collecting information, es-
pecially from the seniors’ point of view, about their im-
pression on the robot could have provided additional
advice on possible models of interaction to be imple-
mented during the developmental phase. Nevertheless,
it is also true that, after the developmental stage, a
long-term evaluation phase was foreseen by deploying
the whole system into real houses for long-term test-
ing and iterative refinement and this makes plausible
to hypothesise that this specific limitation will be faced
during the long-term assessment.

Overall the testing phase in real houses will al-
low users to experience the produced technology, thus
complementing the analysis on their feelings and opin-
ion on this kind of assistive technology.

7. Conclusions

This paper describes the systematic work devoted
to the elicitation and validation of users expectations
of AAL intelligent services. Only few evidences and
works systematically analyzed users’ requirements of
such systems. Queirds and colleagues [37] highlighted
in their review a deep lack in AAL research with re-
spect to a deep and intense user perspective investi-
gation. More specifically, it has been pointed out that
there is a considerable attention focused on how tech-
nology can be used in the AAL contexts instead of
looking at the users’ needs and proposing ways to ad-
dress them. The focus is still on technology rather than
on the person. In this respect, this paper reports on our
efforts put on the user requirements elicitations high-
lighting the role of the different actors involved (both
primary and secondary users) and eliciting the level of
importance and priority they attribute to different ser-
vices. The work is intended as a validation of users
needs and a way to highlight the specific areas of in-
terest for AAL solutions development. Results show
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that while there are some concerns about privacy, es-
pecially by elderly people, have been raised, users still
appreciated the potentiality of AAL solutions in sup-
porting independent living and improving QoL. In fact,
it also was discovered that these concerns can be over-
come when people are aware of what is happening
and receive useful feedback/service. In other words,
the importance to make users to understand the mean-
ing and the value of what the system can do emerged
clearly, highlighting also that a service that is consid-
ered useful is also considered more acceptable.

The main critical areas of intervention have been
identified and validated by using a combination of
qualitative and quantitative research methods. A list of
priorities have been derived for each service. The ob-
tained results have then been used to derive a list or
priority associated to services and these provide advice
for system developers, pointing out the importance of
building intelligent technology that can be adapted and
personalized according to the varying users require-
ments. The combination of these requirements can lead
to systems that better respond to the individual needs
of supporting the elderly live independently in their
own homes.
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