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Abstract Keywords

Purpose: This research aimed to integrate three previously developed assistive technology (AT)  Assistive devices, dementia, informal care,
systems into one modular, multifunctional system, which can support people with dementia self-help devices

and carers throughout the course of dementia. . In an explorative evaluation study, the
integrated system, called Rosetta, was tested on usefulness, user-friendliness and impact, in
people with dementia, their informal carers and professional carers involved. The Rosetta .
system was installed in participants’ homes in three countries: The Netherlands, Germany and Recglved 26 November 2013
Belgium. Methods: Controlled trial with pre- and post-test measures across three countries Revised 28 May 2014
(randomized controlled trial in Germany; matched groups in the Netherlands and Belgium). Accepted 03 June 2014
Participants completed questionnaires for impact measurement and participated in semi- Published online 3 July 2014
structured interviews regarding usefulness and user-friendliness of Rosetta. Results: All

participants agreed that Rosetta is a very useful development. They did not rate the

user-friendliness of the system highly. No significant effects were found on impact measure-

ments. Conclusion: All participants found Rosetta a very useful development for future care, and

would consider using it. Since Rosetta was still in development during evaluation, a discrepancy

between expectations and actual functioning of Rosetta existed, which may explain the lack of

findings on the impact of the system and the low appreciation of user-friendliness.

History

» Implications for Rehabilitation

» People with dementia and carers find assistive technology (AT) a useful future development
and they are willing to use it in the future.

« People with dementia and carers have little privacy issues with AT. If they have concerns, they
are willing to accept the trade-off of reduced privacy in exchange for the ability to live in their
own homes for longer.

« Given that a system works flawlessly, informal carers indicate that integrated AT can reduce
their burden and stress. This can in turn help informal carers to provide better care for a
longer period of time.

Introduction

Our aging society will cause a significant increase in persons with
age-related physical and cognitive impairments of which demen-
tia forms the biggest threat. This will result in a major burden on
public health care. Dementia is a neurodegenerative disorder,
characterized by a progressive decline in cognitive ability, with a
combination of symptoms including impairment of memory,
speech, action, perception and reasoning. This is often

Address for correspondence: B. J. J. Hattink, Department of Psychiatry,
VU University Medical Centre, Valeriusplein 9, 1075 BG Amsterdam,
The Netherlands. Tel: +31207885622. E-mail: b.hattink@vumc.nl

accompanied by changes in personality and behavior. In its
early stages, dementia usually begins with memory impairment
and can often be misdiagnosed as normal forgetfulness. In later
stages, however, people with dementia increasingly become
unable to perform tasks. This begins with relatively complex
tasks, like cooking, yet eventually people become unable to
perform even the most basic tasks of daily life, such as
maintaining personal hygiene or eating [1,2]. Dementia may be
preceded by mild cognitive impairments (MCI), in which people
suffer impairment in a single cognitive domain, such as memory
or language, but they experience no consequences on daily
activities [3]. People with MCI are at a greater risk of developing
dementia: it has been estimated that annually, 6 to 15% of people
with MCI develop dementia [3-5].
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When people become unable to perform tasks in their own
home, they need intensive support to maintain independent living.
Since professional care is limited and expensive, this support is
generally provided by spouses, children or other family members.
These non-professional caregivers are known as ‘‘informal
carers”’. An estimated 70% of community-dwelling people with
dementia are cared for by informal carers [6]. Providing this care
poses a great burden on them and frequently leads to conditions
like depression and social isolation. Overburdening of the
informal carer is the leading cause for institutionalization of the
person with dementia [6].

Another major concern is the global increase of dementia
prevalence: since the main risk factor for dementia is age [7]
(prevalence increases from 5 to 10% at 65 years to around 45% at
95 years and older [7]) and the global population is aging rapidly,
the prevalence of dementia is expected to increase dramatically
[8]. Additionally, with an expected decline in workforce, the
world-wide ratio of potential working people to people with
dementia will decrease from 63:1 in 2000 to an estimated 27:1 in
2050. In the Netherlands, it is estimated that this ratio will change
even more dramatically from 43:1 in 2010 to 16:1 in 2050 [6,7,9].

To support both informal and professional carers in their care
tasks, assistive technologies are becoming increasingly important.
They support persons with dementia in dealing with the disease
and improving their quality of life [10-12] and allow them to stay
in their own homes safely for a longer period [13]. Assistive
technology (AT) can help to reduce the burden of informal
caregivers [14-18] and improve their confidence [19].
Professional carers may also benefit from including AT into
their daily practice, as it can give them more time for their care
tasks [20], reduce staff anxiety [20], and improve work satisfac-
tion [21]. The technologies may be very simple, like calendar
clocks, to more advanced technologies like GPS-tracking systems,
monitoring with sensor-based environments, and telecare services
[11,12].

Four main domains of support by AT can be distinguished:
(1) prompts and reminders; (2) leisure; (3) communication and
(4) safety [22]. Generally, many earlier developed systems support
only a single one of these domains, resulting in people being
forced to purchase several systems if the need support in more
than one domain. Also, many assistive technologies are developed
without involvement of the target group of people with dementia
[23] and are often initially designed for younger people, usually
with non-progressive, traumatic injuries [24]. This makes it
questionable whether they could be used by persons with
dementia, and if these users would readily accept them. For
categorizing AT for people with dementia, all symptoms and
consequences of the disease should be taken into account. Thus,
attention should not only be paid to compensations for cognitive
and physical symptoms, but also to, e.g. abilities to participate in
creational activities and in society [25,26].

In the Rosetta project, a fully-integrated multifunctional
modular system was developed, which, if needed, can address
all previously mentioned domains to support persons with
dementia, informal carers and professional carers in the subse-
quent stages of the disease. The integrated Rosetta-system was
designed to enable the combination of three previously developed
AT systems, i.e. the Cogknow Day Navigator [26-28], the
EMERGE system [29] and the Unattended Autonomous
Surveillance system (UAS) [30]. Though highly complex, this
combination of systems was expected to offer the best possible
support for the longest period of time, i.e. from the early stages of
dementia (all three systems) until the more advanced stages
(Emerge and UAS). Additionally, all of these systems were
previously tested in European research studies, and were
evaluated positively by users.
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The three systems were adjusted to the needs and wishes of the
target groups by means of a user-participatory design process,
where people with dementia and carers, as well as dementia
experts, were involved in all steps of the design process.
In workshops, users could indicate both their support needs and
their preferences for the ultimate lay-out and design of the system.

In the Rosetta project, the three adapted and integrated
subsystems were called the Elderly Day Navigator (EDN), the
Early Detection System (EDS) and the Unattended Autonomous
Surveillance — Advanced Awareness and Prevention System
(UAS-AAPS) (web overview: www.aal-rosetta.eu).

These subsystems aim to help people with MCI and dementia
in performing the daily activities they indicated to be of
importance. Examples that were given during workshops are:
reminders about activities to be done during the day; support in
recreational activities and social contacts; and increasing feelings
of safety by monitoring behavior patterns (thus allowing for early
detection of changes in care needs) and by autonomous surveil-
lance with sensors and smart cameras to detect potentially
dangerous situations.

The integrated Rosetta system was evaluated during a field test
pilot on usefulness and user-friendliness of the system, ethical
issues in using the system, and on its impact on autonomy and
quality of life of persons with dementia and on the feeling of
competence and quality of life of their carers. Finally,
among professional carers, it was rated on usefulness and user-
friendliness. In this article, we will report on this evaluation study.

Methods and materials
Design

The study was initially set up as a randomized-controlled trial
(RCT) among people with MCI and dementia and their carers in
the three countries: The Netherlands, Germany and Belgium.
However, many prospective participants indicated they specific-
ally wanted to be in the experimental group, and if not they would
not participate at all. This made recruitment for an RCT within the
timeframe of the project not feasible in the Netherlands and
Belgium. Therefore, at second instance, it was decided to change
the design in those two countries into a pre-test—post-test control
group design with matched groups. Matching criteria were
severity of MCIl/dementia and having a one or two person
household. Other intended matching criteria were: relationship
between caregiver—care receiver (spouse, child, etc.), age and
gender of the person with dementia. In Germany, the RCT design
was maintained. In the section ‘‘Population and setting’’,
differences between the sample which participated in the RCT
and in the pre-test—post-test control group design are described.

For the evaluation of the usefulness and user friendliness of the
Rosetta system among professional caregivers, a one group post-
test only design was used.

Ethical approval

The ethical boards of the participating research organizations in
Germany and the Netherlands approved the study. In Belgium,
external ethical approval of the study was deemed unnecessary by
the Belgium partner (insurance and care) organization, as they
considered the implementation of the system as part of the home
care they provided.

Population and setting

Participants in the Netherlands were recruited among clients of
Zorgpalet Baarn-Soest (home care section). Belgian participants
were clients of Christelijke Mutualiteiten (Belgian health insur-
ance company and care provider). Participants in Germany were
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selected through the German Red Cross and the Westpfalz
Klinikum’s (academic hospital in Kaiserslautern, Institute for
Anaesthesiology and Emergency Medicine).

The evaluation of Rosetta was performed on a total of
42 persons with either mild cognitive impairment (MCI) or
dementia (19 in the Netherlands, 11 with MCI in Germany and
12 in Belgium), and 32 of their informal carers. Among these
participants, 11 persons with dementia in Germany were
randomized to the experimental or the control group (ne=35;
nc =6), while 31 persons with dementia in the Netherlands and
Belgium were matched on a group level (ne =15; nc = 16).

The low number of participants was mainly due to the
restricted budget for this project and the high costs of a full
Rosetta system, which did not allow for a large number of
participants to get a system installed.

Six professional home-care workers (3 in the Netherlands, 1
in Germany and 2 in Belgium) who worked as care providers
during the intervention period and had used the Rosetta
system, participated in the evaluation of the usefulness and
userfriendliness.

For the recruitment of participants the following inclusion
criteria were applied.

General inclusion criteria for all countries: Included were
participants with MCI or dementia living in the community
and their informal carers. Other general inclusion characteris-
tics included a maximum of seven rooms in a one story-
house with a maximum size of 180 square meters and a
maximum of five exterior doors. The house had to have the
possibility for installation of wireless broad-band internet access
(if not available already), since all signals of the Rosetta system
were transmitted wirelessly and uploaded through an internet
server.

In all countries, both one- and two-person household
were recruited for the study. In two-person households, the
decision to install EDS or not was based on the wishes of the
informal carer.

EDN was not offered to those with more severe dementia
(Global Deterioration Scale (GDS)>5) [31], because they would
likely not be able to learn how to independently utilize this
system.

Specific inclusion criteria for the Netherlands: Severity of
dementia: mild, intermediate or severe (GDS 3 to 7). Use of
Rosetta: All functionalities (EDN/EDS/UAS-AAPS) of the
Rosetta system.

Specific inclusion criteria for Belgium: Severity of dementia:
Intermediate or severe (GDS 5 to 7). Use of Rosetta: Focus was
exclusively on the UAS-AAPS system, since fall- and wandering
detection are most relevant in the intermediate and severe stage of
dementia.

Specific inclusion criteria for Germany: Severity: Mild
Cognitive Impairments (GDS 1 to 3). Due to German regional
ethical laws regarding medical research with people, people with
a diagnosis of dementia were not allowed to participate, therefore,
in Germany only people with a diagnosis od MCI were included.

Use of Rosetta: All functionalities (EDN/EDS/UAS-AAPS) of
the Rosetta system.

Professionals: All professional home-care workers who had
used at least one subsystem of the Rosetta system in the houses of
people they cared for, were invited to participate in an online
survey. This was done through the involved care organization in
each country.

Intervention

The Rosetta system was installed in the homes of the persons with
MCI or dementia in the experimental group. After installation,
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participants received a training explaining how the system works.
The effective usage period varied from half a month (which was
the case for one participant, recruited as replacement for a
drop-out) to eight months. Average use was nearly four months.
This relatively short average period of usage was caused by
three issues: first, some participants dropped out just before
installation of the system was finalized in their homes; in their
place, new participants had to be recruited. Second, it took quite
some time to plan installation dates with informal carers, since the
installation usually involved two full days of technicians visiting
the home of the person with dementia, this shortened the
intervention period. Third, technical issues often involved
ordering replacement parts, which took up a large amount of
time during which the system did not work. For installation of
these replacement parts, it was then again necessary to plan a new
installation date.

The full Rosetta system consisted of the following three
subsystems designed to support people throughout the disease
process, and on different need domains:

(1) The Elderly Day Navigator (EDN): This subsystem supports
persons with MCIs to moderate dementia in their daily
functioning in the areas of memory, social contact, recre-
ational activities and feelings of safety. This support is
provided through a video home terminal (touch screen) and/
or a mobile device. To support memory, the touch screen
provided reminders for activities (for example, ‘‘you have an
appointment with the doctor at 10.00 am’’). These reminders
were configured remotely by informal or professional carers
and were shown in an agenda containing all programmed
activities and the time they were planned. Furthermore, an
analogue clock and the current date were shown. To support
in social contact there was a phone with a photo address book
(Figures 1 and 2).

To support in a recreational activity, a person’s own collection of
digital photos could be viewed on the screen of the video home
terminal (which could be uploaded remotely by informal carers).
Finally, EDN offers several functionalities to promote feelings of
safety. One of these functions is receiving safety warnings on the
screen, such as ‘‘you left the fridge door open, please close it’’.
Another safety feature is a Help button, which enables direct
telephone contact with a relative (a list of relatives which will be
contacted sequentially through this button can be set up during
installation) (Figure 2). If this relative does not answer the phone,
the message ‘Try another number?’ will be displayed on the
screen, allowing the user to call the next person in line to help.
The final number to be called is usually a professional care
organization, available 24/7. The Help button on the mobile
device could also be used when persons with dementia had lost
their way outside. In that case, informal caregivers could help
them find their way home: through GPS technology, the informal
caregivers were able to see on a webpage where the person with
dementia was and which path they had followed. This information
could be used to guide the person with dementia home safely. The
persons with MCI/dementia and/or their informal carers could
choose which functions of the EDN they wished to use in their
homes.

(2) The Early Detection System (EDS) software: This subsystem
records the pattern of behavior in daily living of the persons
with MCI/dementia by analyzing signals from sensors in the
house. In case of two-person households, the daily patterns of
both persons are monitored. Within the Rosetta system, EDS
analyzed the sleep—wake rhythm, mobility in- and outside the
house, meal preparations, personal hygiene and the number
of (emergency) alarms. The persons with dementia and/or
informal carers were invited to choose which activities they
wanted to have monitored.
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Figure 1. Example of photo address book.

24"

Peter Ebben, ROSETTA
Helpdesk ROSETTA Helpdesk

&9 Vorige pagina

Contactpersonen, pagina 1

Niels Snoeck, Tessa Overmars-Marx,

Interviewer

Volgende pagina

Telefoon

Figure 2. Screenshot of the help function on the mobile device.

In the first two weeks after installation, the EDS software
established a baseline through data from the sensors. After this
baseline assessment, the software:

e Automatically warned carers if there were significant
changes in the day-to-day pattern of living.

e  Generated graphs/indexes that offered a summary of the day-
to-day pattern of living and revealed any (slowly) occurring
changes in it.

These graphs allowed professional carers and informal carers to
monitor the status of the person with dementia, and to decide on
the need for follow-up action. To help analyzing these graphs,
colored markers were displayed: green markers indicated no
changes in daily patterns, yellow markers indicated mild changes
in daily patterns and red markers indicated significant changes in
functioning. The EDS system is designed to enable further
personalization with additional sensors to register more activities
and behaviors.

(3) The Unattended Autonomous Surveillance system —
Advanced Awareness and Prevention — System (UAS-
AAPS): This subsystem is able to detect emergency
situations and generate alarms to care organizations. By
using movement sensors and cameras in the house,

emergency situations, such as fall accidents can be detected.
In emergency cases, a message was displayed on the video
home terminal and the person with dementia was asked to
confirm whether he was safe or not. When the person was
unsafe or when there was no response from the person with
dementia, a message was forwarded to the professional carer,
who then could assess the situation via a speak—listen unit as
well as via a still image from the camera in the home of the
person with dementia and decide whether help was needed.
Because of privacy concerns, the camera of the system only
activated when the motion detectors did not register move-
ment for a specified time (by default set at 20 min). When
activated, software analyzed the camera feed and decided if
the person was motionless in a ‘‘safe zone’’ (e.g. sitting a
chair) or in an ‘‘unsafe zone’’ (e.g. on the ground). If it was
established that the person was in a ‘‘safe zone’’, the camera
would turn off again. If, however, no movement was detected
and the person was in an ‘‘unsafe zone’’, the alarm would be
triggered and carers would be contacted. Analysis of all
Rosetta data was done securely on a local server
(the ‘“‘Information Broker’’), transmission of data through
the internet was encrypted.
Persons in the control group received care and support as usual.
This usual care generally consisted of home care for household
chores and/or personal care and day care. Some participants
received extra care, for example, help with food preparation or
visits to the general practitioner.

Measures

All countries used the same measuring instruments for the

selected outcome measures. In the Netherlands and in Belgium

the questionnaires were offered in the Dutch language, in

Germany the questionnaires were offered in the German language.

Primary outcome measures:

e Usefulness and user-friendliness were measured with
self-developed semi-structured questionnaires for both the
persons with MCI/dementia and for their informal carers,
which covered all aspects of the Rosetta subsystems and
included questions on ethical issues as well.

e Perceived autonomy of the person with MCIl/dementia was
measured with a scale which included relevant items from
the Mastery scale [32] and the WHOQOL-100 [33].

e Quality of Life of the person with MCl/dementia was
measured with the Quality of Life in Alzheimer’s Disease
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scale (QOL-AD) [34]. )Informal caregivers filled-in two
additional questions about their overall judgment of their
own quality of life taken from the minimum dataset of the
Dutch National Programme for Elderly Care (MDS-NPO).

e The feeling of competence of informal carers was measured
with the Short Sense of Competence questionnaire (SSCQ)
[35].

Secondary outcome measures:

e Delay of nursing home admission of the person with MCI/
dementia was assessed by registering nursing home admis-
sions of participants in the study.

e Care needs were measured by the Camberwell Assessment of
Need for the Elderly [36].

Additionally patient and caregiver characteristics were
measured to describe the study sample:

e Severity of dementia was measured by the Mini Mental State
Examination (MMSE) [37]. This variable was also included
as a potentially confounding variable.

e The caregiver management strategy was assessed by means
of a Dutch questionnaire on ways of caring for a person with
dementia. [38].

e Use of services was measured with the Use of Services
questionnaire [39].

Other methods used:

e At the end of the trial, a focus group was performed with
informal carers in the Netherlands to evaluate the experiences
in using the Rosetta system and to discuss issues regarding
future implementation of the Rosetta system. The focus
group was led by an experienced researcher and was audio-
taped for future analysis.

Professionals:

e At the end of the trial, an online questionnaire was filled-in
by professionals of the participating care organizations to
assess the usefulness and user-friendliness of the system
(with a.o. items from the USE-questionnaire [40], changes in
contacts with clients, bottle-necks, positive experiences and
satisfaction in using the system, and the impact on job
satisfaction, measured with the Leiden Quality of Work
Questionnaire [41]).

Procedure

Recruitment: Participants were selected through care organiza-
tions in the three countries. Health care professionals of these
organizations sent letters to the potential candidates. In Germany,
additionally, an information meeting was organized for potential
participants. Participants who were interested to participate in the
study were advised to consider participation. After a week, a care
professional contacted them again. If they agreed to participate,
they were invited to sign the informed consent form and an
appointment for the first interview (baseline impact measurement)
in their own home was made. Professional caregivers who used
the Rosetta system were recruited via the participating care

organizations.
Measurement procedures: Pretest measurement took place
after signing of the informed consent form and — in the

experimental group — before installation of the Rosetta system.
Post-test measurement took place at the end of the trial.
Measurements and interviews were performed by experienced
researchers and interviewers from the respective countries.

At the end of the trial, the online questionnaire was sent out to
professionals and a focus group was organized for informal carers.

Data analysis

Descriptive analyses were performed using SPSS Statistics —
version 20, to describe baseline characteristics of the study sample
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and the answers to the structured questions in the semi-structured
interview on usefulness and user-friendliness. The qualitative data
were summarized for the total Rosetta system and for each part of
the system (EDN, EDS, UAS-AAPS).

Differences between groups at baseline, and between the drop-
outs and the completers of the trial, were tested with relevant tests
(such as Chi-square tests, Mann—Whitney U-tests and t-tests). To
test if participants in the Netherlands, Germany and Belgium
could be treated as one homogeneous group in the overall
analyses, we tested for differences between countries in back-
ground characteristics at baseline.

To study the effect of the Rosetta system on primary and
secondary outcome measures, univariate covariance analyses
(ANCOVA) were conducted on the post-test data with pre-test
data included as covariates. This strategy of analysis for data with
related repeated measures is recommended in small samples [42].
(With data from different clusters, multi-level analyses are
generally advised. However, in small number of participants
within clusters in combination with a small number of clusters, as
is the case in our dataset, these analyses are discussed.) Levene’s
tests of homogeneity were performed to test the assumption of
equality in variance among the groups. Personal characteristics
that differed at baseline and were related to the outcome variable
(and thus potential confounders) were included as covariates in
the analysis as well. All tests were conducted two-sided with
a <0.05.

Results
Characteristics of study sample at baseline and drop-outs

In total, 42 persons with MCI and/or dementia and 32 informal
carers participated in the study. Characteristics of the study
population are presented in Table 1.

Six professional caregivers participated in the online survey
assessing usefulness and user-friendliness of the system and
impact on job satisfaction. These professionals were all home care
workers who visited the homes of participants.

The mean age of persons with MCI or dementia was 81 years
in the experimental and 78 years in the control group. Half of the
participants were male, and half were living together. The
majority of the participants in the Netherlands and Germany
had (very) MCIs; in Belgium all of the participants had severe
dementia. This difference reflects the intended selective recruit-
ment of different groups in the three countries. The informal
carers in the experimental group had a mean age of 66 years
and in the control group 69 years, and those in the experimental
group were slightly more often female. Most carers were
either partners or children of the person with dementia, 22%
had another relationship with the person with dementia. From
the persons with MCI or dementia who participated at baseline,
18 dropped out during the field trial. A flow chart of the
participants with dementia and reasons for dropout is presented
in Figure 3.

The professional carers were all female and varied in age from
26 to 54. They had intermediate or higher professional education
(e.g. nursing), sometimes followed by special courses. Most of
them gained little or no experience in using the Rosetta system
during the pilot, only in Germany the professional carer gained
much experience with the EDN part of Rosetta.

For 24 participants with memory problems (MCI or dementia)
pre- and post-test assessments of outcome measures were
available. Tests were performed to check whether (1) the
participants from the experimental and control group who
completed the trial were comparable or differed at baseline, and
(2) the participants from different countries could be treated as
one homogeneous group or that variables, such as certain
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Table 1. Baseline characteristics of the study population.

Disabil Rehabil Assist Technol, Early Online: 1-11

The Netherlands (n=19) Germany (n=11) Belgium (n=12) Total (n=42)
Persons with MCI/ dementia Exp Control Exp Control Exp Control Exp Control
(n=9) (n=10) (n=5) (n=6) (n=6) (n=06) (n=20) (n=22)
Age
Mean (SD) 82.7 (9.4) 78.6 (4.2) 762 (5.3) 722 (6.5) 81.3(3.0) 76.0(6.5) 80.6(7.6) 78.2(7.0)
Range 62-96 73-87 71-82 64-81 78-85 68-83 62-96 64-87
Sex
Male 1 5 2 4 1 1 11 10
Female 8 5 3 2 5 5 9 12
Living, together 1 4 2 5 3 4 6 13
Alone 8 6 3 1 3 2 14 9
MMSE, Mean (SD) 204 (2.4) 21.8 (4.7) 244 (1.7) 228 (2.6) 6.6 (4.2) 8.3 (6.1) 17.8 (7.6) 18.9 (7.1)
QOL-AD 39.7 (6.5) 33.6 (7.1) 356 (3.5) 323(59) 405835 323 4.0) 38.7(6.3) 33.0(6.0)
Carers n=9 n=10 n=2 n=1 n=06 n=4 n=17 n=15
Age
Mean (SD) 53.1 (2.2) 60.8 (19.6)  66.5 (26.2) 39 66.0 (15.9) 693 (11.3) 57.8 (3.1) 61.7 (5.0)
Range 48-55 29-80 48-85 - 66-72 48-81 48-85 29-81
Sex
Male 2 2 1 1 4 7 6
Female 7 6 1 1 2 1 10 8
Relation PwM¥/IC:
Partner 1 4 1 0 3 3 5 7
Child 5 3 1 0 3 1 9 4
Other 3 3 0 1 0 0 3 4
QOL-AD", Mean (SD) 29.7 (5.6) 29.0 (2.4) 35.0(7.1) 295(5.00 293(6.3) 31.3(26) 302(59) 29.6 (2.7)
Own QoL, Mean (SD) 8.1 (0.9) 8.0 (0.8) 7.5 (0.7) 6.5(2.1) 7.4(15) 5.5 (L7)  7.81(0.27) 7.07 (0.44)
Feeling of competence Mean (SD)  27.6 (4.3) 26.8 (3.0) 240 (5.77) 21.5@3.5) 29.0(0.9)  303(0.5) 27737 27432
“PwM = person with memory problems (MCI/dementia); IC: Informal Carer.
QoL of person with memory problem’s QoL, as answered by carer.
Figure 3. Flowchart of dropouts of persons
with MCI/dementia. NL GER BE
Exp. 9 Exp Exp. 6
Contr. 10 Contr. Contr. 6
Dropouts Dropouts Dropouts
Experimental 3: Experimental 1: Experimental 5:
- decided to quit - decided to quit - care home (3x)
- hospitalized Control 1: - refused (2x)
- carer refused - refused Control 6:
Control 2: - care home
- decided to quit (3x) - died
- hospitalized (2x) - partner died
v A4
NL GER BE
Exp. 6 Exp. Exp. 1
Contr. 8 Contr. Contr. 0

background characteristics, had to be included in the effect
analyses as potential confounders.

Participants from the experimental and control group
only differed in gender, it turned out that there were signifi-
cantly more males in the control group than in the experimen-
tal group (Table 2). Between the Netherlands and Germany,
participants differed on age and MMSE score, for which was
corrected in the analysis by including these variables as
covariates.

Use of the system during the trial

At baseline, the persons in the experimental group were offered

all parts of the Rosetta system (UAS-AAPS, EDS, EDN), except
for Belgium where persons only received the UAS-AAPS system.

Not all subsystems were fully working at the moment of
installation of the system. Systems could be temporarily switched
off, or turned in idle mode in case of multiple false alarms,
maintenance or lacking functionality. For participants who used
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Table 2. Comparison of experimental and control group at baseline
(completers only).

Experimental Control Test statistic 4

Age carer, M (SD) 59.22 (12.93) 58.33 (19.68) t=0.11 0.91
Age PwM, M (SD) 81.00 (6.00) 76.38 (5.24) r=2.01 0.06
MMSE, M (SD) 21.36 (5.78) 21.77 (3.78) t=-0.0206 —0.41
Living situation x> =3.55 0.17

PwM, n (%)

Alone 8 (72%) 5 (38%)

with partner 3 (28%) 6 (46%)

with others 0 2 (15%)
Carer sex, n (%) x> =0.00 1.00

Male 2 (22%) 2 (22%)

Female 7 (78%) 7 (78%)
PwM sex, n (%) =724 0.01%

Male 1 (22%) 9 (22%)

Female 8 (78%) 4 (78%)
Caregiving style, x>=2.81 0.42

n (%)

Nurturing 2 (22%) 4 (44%)

Supporting 4 (44%) 3 (33%)

Confronting 0 (0%) 1 (11%)

None 3 (33%) 1 (11%)

PwM = person with memory problems (MCI/ dementia).

the Rosetta system, the usage varied from half a month to
8 months. EDN support was available for the full period after
installation. EDS was disabled for the majority of the installation
time in most houses, though at the end of the field trial it worked
well. Due to technical issues with the sensors and camera, the
UAS-AAPS system was also not always available. In some
participants’ homes this system was not activated or it was
removed, because some participants did not want the sensors
installed.. Another participant, for example, decided it took too
long before the system was working properly, and removed all
technology himself

Usefulness and user-friendliness

Participants were questioned about their opinions on the useful-
ness and user-friendliness of the Rosetta system and its specific
subsystems. It should be noted, however, that participants varied
in use of specific systems and duration of usage. Furthermore,
participants with dementia were only actively interacting with the
EDN subsystem and not with the EDS and UAS-AAPS system as
these work automatically without user involvement. As a result of
this, it was not always clear to participants which functionalities
belonged to which subsystems (EDN, EDS, UAS-AAPS). With
the EDS and UAS-AAPs, the carers were involved when using the
EDS web interface and in case of alarms, respectively.

Both people with MCI/dementia (n=10) and informal carer
(n=9) judged the overall Rosetta system to be a very useful
development and agreed that systems like this would very likely
be necessary to properly support people with dementia in the
future. Despite technical difficulties, participants indicated that
the system is very useful and that they were happy with it.
They were very satisfied with the technical support provided in
cases of problems with the system. Three informal caregivers
described the system to have had a noticeable impact on the life of
their family member with dementia: They indicated that it was
““more comforting’’, and that it offered ‘‘a safer feeling, [like]
an extra pair of eyes watching her’” and ‘‘[feelings of] more
security and confidence’’. Carers indicated they felt ‘safer, [they
got] more rest at night’’, and they experienced ‘‘a little less
burden’’.
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Professional carers were ambivalent in their opinions on the
system. One carer indicated that she was ‘‘convinced this system
kept the person with dementia at home longer’’, whereas one other
indicated that the system ‘‘did nothing’’. Other remarks about the
usefulness of the system as a whole focused on technical issues
encountered during the trial, like ‘‘[It gives me] more security and
confidence, but [there are] so many problems that one can’t rely
on it now’’ or ‘A good idea, it would have worked if the system
didn’t have this many faults’’. This was confirmed during
in-between interviews, in which it was indicated that participants
thought the system is very useful, but that they could not depend
on it and therefore hardly felt safer.

Partly because of the technical issues, the user friendliness of
the overall Rosetta system was not rated very high by informal
caregivers or by persons with dementia; the system was
experienced as complex and hard to work with.

Half of the 10 persons with MCI/dementia indicated at post-
test that at some point during the trial, they had doubts about their
participation in the study. Reasons for persons with MCI/dementia
to doubt were for example, that ‘‘the system is too hard to
understand’’. Informal carers had fewer doubts about their
participation, only one expressed doubts because were concerned
what the ‘‘technical people’” would install in their house.
Concerns about privacy or whether or not their family member
would cognitively be ‘‘too good for this’> were mentioned
occasionally. During in-between interviews people also indicated
that they recognized the importance and usefulness of the system,
but had not realized at the start of participation in the study that
the development of the system was still ongoing.

Elderly day navigator

Usefulness: Both the EDN homescreen and mobile device were
considered useful by the three carers who actively used them. One
of these carers indicated they thought that the EDN was the only
thing still keeping their family member at home. Without the
EDN, theyindicated, their family member would likely be staying
in a care home now. Three of the persons with dementia, as well
as three carers indicated that the agenda on the EDN screen was
the most useful function of Rosetta. Two persons with dementia
and three carers, however, indicated that the EDN was the least
useful part of the whole Rosetta system, and that they did not
use it.

User-friendliness: Regardless of how useful participants con-
sidered the EDN, they were generally not positive about its user-
[riendliness. Especially the caregivers expressed difficulties with
the system. For example, regarding remote configuration for the
agenda and reminders, carers in the focus group said that they had
trouble logging into the portal website, and that they had to save
three to four times before a single message or reminder in EDN
was actually saved. One of the carers in the focus group indicated
he had given up trying to access this portal due to technical
difficulties, despite being highly motivated to access the system at
first. Informal caregivers also did not like the look of the portal;
they felt it looked very outdated and complicated. It was
experienced as especially frustrating that downtime of the portal
website could happen without communication on the reasons for
this, or how long it would take before the site was operational
again. Informal carers of the participants really wanted to use the
GPS navigation features to locate their family members, yet this
functionality was most of the time unavailable, either due to
technical difficulties, battery problems or reception issues of the
mobile device. Informal carers were disappointed this did not
work; they indicated it would have given them a great feeling of
safety if it had worked since some of the participating people with
dementia were known to get lost.
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Of those people with dementia who had used the EDN touch
screen for some time, three out of seven indicated they had
learned how to use it without help. Another three out of seven
could use it, but needed help. a A major complaint about the home
terminal was that the touch screen was both un-intuitive to use for
older people who had never used a touch screen before, and that
the responsiveness of the screen was bad as well. This was mainly
because the touch screen used an older form of touch-screen
technology (resistive instead of capacitive) because of economic
considerations. Both informal carers and persons with dementia
indicated this.

Early detection system

Usefulness: Very few opinions on the usefulness of the sensor-
based EDS were collected. This is partly due to restricted usage of
the system during the trial period because of technical problems,
but also due to persons with dementia not realizing that
(the sensor based) EDS was installed in their home (as the
system does not require interaction with users). Most people with
dementia were in fact confused as to what exactly EDS registered
in their home. The fact that people were not aware of the system
confirms that the EDS is indeed unobtrusive. Since EDS did not
function fully during the trial period, informal carers had very
little opportunity to experience the full usefulness of the
information generated by EDS. This was confirmed during
in-between interviews by three participants, who indicated that
they ‘‘would look [on the web page with sensor data], but [it]
hasn’t worked yet’’. Most informal carers considered it especially
useful to be able to see the sleeping and eating patterns of their
family members —especially to check up if they actually did eat or
sleep like they said they did: ‘‘Saying they’re doing something is
different from actually doing it’".

User-friendliness: Most of the user-friendliness-related
remarks concerning EDS are again related to the Rosetta-portal
site which was judged very user-unfriendly, since it often did not
work during the trial, gave errors and required persons to try and
log-in multiple times. Persons with dementia judged the user-
friendliness of this EDS system differently than carers, since
participants were hardly aware of the system. Most of them
noticed the sensors and the camera, but did not mind them, and
had no opinion on them.

Unattended autonomous surveillance-advanced
awareness prevention system

Usefulness: Most informal carers felt UAS-AAPS is a very useful
system. One of them indicated that since the installation of the
UAS-AAPS system, she turned off her cell phone at night,
allowing her quieter nights and better sleep. Besides feeling more
pleasant and at ease, persons with MCI/dementia also indicated at
the end of the trial period that UAS-AAPS is ‘‘useful’” (n=7) or
“‘very useful”” (n = 3) to feel more safe and self-sufficient. During
the trial with the UAS-AAPS system, five persons clearly had felt
safer in their homes, three sometimes felt safer and two did not
feel any safer with the support of the system.

Professional carers agree that the UAS-AAPS system is very
useful to help persons live in their own homes for a longer time.

User-friendliness: False alarms were experienced as bother-
some, though informal caregivers in the focus group indicated
they would “‘rather get 100 false alarms and 1 actual alarm, than
risking missing out on getting the actual alarm.”” For persons with
MCI/dementia, these false alarms were bothersome as well;
people disliked getting phone calls (sometimes at inconvenient
times) asking if something had happened while nothing was
wrong and they had not even noticed that the system had triggered
in the first place.

Disabil Rehabil Assist Technol, Early Online: 1-11

There were some incidents in relation to detection of falls.
On three occasions, twice in the Netherlands and once in
Germany, the participant had fallen but the system had not
detected these falls. For one of these cases, this was likely because
the person continued moving while on the ground, thus triggering
the motion sensors and preventing an alarm. Though this
(assessing non-movement instead of detecting a fall) reflects
correct functioning of the system, this limitation of the system
was not fully understood by the carer who therefore had higher
expectations of the system.

Ethical issues

EDS: EDS did not raise any privacy concerns for persons with
MCI/dementia, most of who indicated that they never noticed the
system. All 10 participants with MCI/dementia who answered this
question indicated that the presence of the sensors was
“‘not uncomfortable or stressful at all’’; nor did it bother anybody
if other people would see the presence of the sensors, all
10 indicated this was ‘‘not bothersome at all’’. This matched with
the expectations of people about the system in the first place. The
same was true for informal carers: None of the nine informal
carers interviewed at post-test indicated that EDS had been an
issue, neither for themselves nor for their family members.

UAS-AAPS: There were minor issues regarding the privacy
concerns raised by the UAS-AAPS supervision; most of the
participants (both persons with dementia and carers) indicated
that they were not uncomfortable at all (n =9) or only somewhat
(n=1) uncomfortable with the system in the house. Also during
the semi-structured interview persons with dementia indicated
they had no privacy concerns regarding the system. On the other
hand, most people did seem to have some negative feelings about
the camera, more specifically about the red light on it. In most
homes, this small light turned on occasionally when assessing
suspected cases, which was experienced as somewhat uncomfort-
able (“‘Is it filming me now? Can it see me?’’). One informal
carer who participated in the focus group commented she had
noticed that her aunt — who had indicated she had no privacy
concerns — had recently started sitting in another chair; the one the
camera was not facing (focus group). In the semi-structured
interview, more persons with dementia commented specifically on
this light: “‘[it bothers me] only when that light turns on’’ and
““[it] feels strange when the camera suddenly switches on’’.
Despite this, however, only one participant indicated that the
camera’s ability to see him was ‘‘somewhat bothersome’’, all
other nine participants indicated that the presence of the camera
was ‘‘not bothersome at all’’.

Impact of (sub) systems on main and secondary
outcomes (PwM, carers)

The results show that overall there were no significant differences
in background characteristics between the experimental and
control group at baseline, except for the gender of the person
with memory problems. There was a trend that persons in the
control group were younger (t=2.01, p=0.06). There were
differences between the countries: participants from the
Netherlands and Germany differed significantly on mean age
and MMSE score at baseline, with the German group being
significantly younger and less cognitive impaired (higher MMSE
scores). Informal carers’ age and gender did not differ signifi-
cantly between the countries.

The ANCOVAs, using baseline scores together with age and
MMSE as covariates, show that there were no significant
differences on primary and secondary outcome measures between
participants who used the Rosetta system and those who received
usual care (the control group), see Tables 3 and 4.
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Table 3. Analysis of covariance on primary outcome measures.
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Test Baseline Post-test Statistic
Experimental Control Experimental Control

QoL-AD (PwM) total (SD) 38.10 (1.90) 33.67 (1.56) 36.10 (6.86) 34.42 (3.42) F=025

QoL-AD (Carer) total (SD) 31.89 (2.05) 29.00 (0.96) 30.25 (6.74) 30.13 (3.87) II;Z(())%%

Perceived autonomy (PwM) (SD) 39.10 (2.37) 38.83 (1.62) 35.80 (8.97) 36.33 (8.75) II;Z(())%;Z

Grade for QoL (Carer) mean (SD) 7.89 (0.40) 8.00 (0.27) 7.06 (0.69) 7.00 (0.74) 1;;01?;%

Feeling of competence (Carer) (sd) 4.13 (0.40) 5.30 (0.37) 4.13 (1.45) 5.13 (0.83) ?zg%g
p=0.11

PwM = person with problems (MCIl/dementia).

Table 4. Analysis of covariance on secondary outcome measures.

Test Baseline Post-test Statistic

Experimental Control Experimental Control

MMSE (PwM) total 21.36 (1.74)  21.73 (1.24) 21.40 (3.40) 19.45 (4.93) F=0.71

CANE (PwM) number of unmet needs (SD) 1.00 (0.38)  0.31 (0.18) 2.10 (2.23) 1.23 (1.64) ?zgg;

CANE (Carer) number of un-met needs (SD) 3.09 (0.70) 0.62 (0.29) 2.18 (0.64) 1.23 (0.46) f’zgg;

CANE (PwM) number of met needs (SD) 5.45 (1.02) 5.92 (0.74) 7.10 (3.45) 6.85 (3.53) 5:827197

CANE (carer) number of met needs (SD) 1.00 (0.38)  0.31 (0.18) 8.30 (5.08) 6.00 (5.37) ;zgg(s)

Total number of services used (SD) 3.73 (0.72) 4.38 (0.99) 3.80 (2.39) 3.69 (3.30) ?zg)?l

p=0.7

Delay of nursing home admittance

Three participants admitted
to nursing home

Three participants
admitted to nursing home

PwM = person with memory problems (MCI/dementia).

Discussion

Overall, users indicate that they find the Rosetta system a very
useful device, one which they think to be likely necessary in the
future to provide good care to people with dementia. Some users
indicated in the interviews and focus groups that the system had
an impact on their lives and their feelings of safety and comfort.
Especially the fall detection function of UAS-AAPS and the
memory support through the EDN touch screen and mobile device
were experienced as supportive. In its current form, the users of
the system rated its user-friendliness low. It was considered
especially bothersome that the system was hard and unintuitive
to use.

No significant impact was measured on the selected quanti-
tative outcome measures (perceived autonomy, care needs, quality
of life or performance of daily activities, and sense of competence
of informal carers), which is most likely explained by the
relatively short period of time that the system had successfully
worked during the intervention period.

Both people with dementia and their informal carers con-
sidered a system like EDN is useful to help maintain independ-
ence by reminding people with dementia of appointments, which
informal carers can remotely set. Earlier research by Cahill et al.
[43] confirms that AT like this can help people with dementia
maintain independent living and can promote their time orienta-
tion. Many people also appreciated the ability of the UAS/AAPS
subsystem to enhance feelings of safety. Research also points out
that, since accidental falls are one of the leading causes of death in
older adults [44], technology that can monitor fall situations is a
highly relevant research topic [45,46]. Rialle et al. [47], for

example, also note that technologies aimed at increasing safety for
people with dementia and lowering anxiety of informal carers, are
among the most appreciated technological developments.

This research also confirms earlier research with regard to the
overall positive attitude of people with dementia and informal
carers towards AT, and the expectation that most will readily
accept the use of AT [48,49] if it can enhance safety and assist in
self-management and independent living. Moreover, people with
dementia and carers who participated in this study also had no
ethical or privacy concerns regarding the provided technology.
They indicated that, as long as they can rely on the support of the
system, AT may help to promote feelings of safety and reduce
feelings of burden and stress. This gives hope for future
development of technological systems, and adds to a growing
body of research evaluating the use of AT, specifically in people
with dementia [50,51].

The Rosetta study had several limitations, which may have
influenced the study results. Firstly, this project was a research
and development project in which the development took more
time then expected. Therefore, the reliability of the system was
not yet entirely consistent during the explorative evaluation
research and nearly all users had to deal with unstable or
malfunctioning systems, which has affected the results of the
evaluation study. It also caused a discrepancy between user
expectations and ultimate functioning of the system, which in turn
may have caused a more negative assessment of the system: with
participants expecting a fully-developed and (near-) 100% func-
tioning system, the level of development of the system could not
match expectations, and may have caused participants to rate the
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system markedly lower than they would have if the system had
been already more stable.

Secondly, the sample size of the study was small, due to the
expensive equipment needed for each participant in the experi-
mental group and the limited budget. Due to the fixed project time
and the extended development period, it was not feasible to have
persons use the equipment sequentially, which could have allowed
for including more participants. Thirdly, it seemed not feasible to
maintain the RCT design in the Netherlands and Belgium, what
may have caused some selection bias in these countries. To limit
bias, we used a matched control group. Finally, since participants
could choose which Rosetta subsystem they wanted to use, this
may have biased the results, since those that chose specific
systems (e.g. using EDS or not) may have been biased towards use
of such systems (e.g. those uncomfortable with touch screens may
have chosen not to use the EDN).

This evaluation study showed that the Rosetta system was
anticipated very useful by the participants, especially when the
major technical problems would be resolved. At the end of the
project, the Rosetta system worked well and some parts of it are
currently being brought on the market. It would be therefore
recommendable to repeat the impact evaluation study, with the
improved version of the Rosetta system. For future research, it is
recommended that end-users with dementia are involved in the
design of a new AT device and in the evaluation of its user-
friendliness and usefulness. Evaluation of the impact of devices
on daily life should only be performed when the system meets an
acceptable standard of stability and reliability. Unfortunately it
happens still too often that impact evaluations perforce start too
soon in ICT development projects (see e.g. Jones [52] and
Meiland [27]).

The Rosetta system was developed for people with mild
dementia as well as for people with moderate dementia and their
carers. Earlier research focused mainly on people with mild
dementia, since these are generally more able to learn using new
devices [51]. It is encouraging that people with more severe
dementia can also be served by assistive technologies and may
also benefit from it.
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