D8.5
Final Pilots Evaluation

Dementia Ambient Care: Multi-Sensing Moni-
toring for Intelligent Remote Management and
Decision Support

Dem@Care - FP7-288199

@Health

Better Healtcare for Europe

SEVENTH FRAMEWORK  European Commission
PROGRAMME Information Society and Media



FP7-288199

D8.5 — Final Pilots Evaluation

Deliverable Information

MQW

Project Ref. No.

FP7-288199

Project Acronym

Dem@Care

Project Full Title

Dementia Ambient Care: Multi-Sensing Monitoring for Intelligence

Remote Management and Decision Support

Dissemination level: Public
Contractual date of delivery: M48

Actual date of delivery: 2. December 2015
Deliverable No. D8.5

Deliverable Title

Final Pilots Evaluation

Type: Report
Approval Status: Approved
Version: 12

Number of pages: 298

WP: WP8

Tasks: T8.2, 8.3, 8.4
WP/Task responsible: LTU, CHUN, DCU
Other contributors: CERTH

Authors (Partner)

Louise Hopper (DCU), Rachael Joyce (DCU), Alexandra Konig
(CHUN), Stefan Savenstedt (LTU), Catharina Melander (LTU), Ana-
stasios Karakostas (CERTH), Ioulietta Lazarou (CERTH), Magda
Tsolaki (CERTH)

Responsible Name

Stefan Savenstedt (LTU)

Author Email

stefan.savenstedt@ltu.se

Internal Reviewer(s)

Yiannis Kompatsiaris (CERTH), Johan E. Bengtsson (LTU)

EC Project Officer

Stefanos Gouvras

Abstract

(for dissemination)

This report details the evaluation results from each of the pilot sites.
It also describes in detail what each pilot covered, the collected
research data, and changes in the assessment protocols from the
previous pilot.

The report includes user and clinical assessment (e.g. health status
and/or health evolution of the observed people) of the Dem@Care
approach based on the feedback and observations acquired in the
final piloting of the final prototype.

@Health

Better Healtcare for Europe

European Commission
Information Society and Media

Page 2 % -

SEVENTH
PRO



mailto:stefan.savenstedt@ltu.se

FP7-288199

D8.5 — Final Pilots Evaluation

MQW

Version Log
Version Date Change Author
Vo1 21/09/2015 Initial First Draft Louise Hopper (DCU)
V02 20/10/2015 Update @Home section Rachael Joyce (DCU)
Louise Hopper (DCU)
Anastasios Karakostas (CERTH)
Ioulietta Lazarou (CERTH)
Magda Tsolaki (CERTH)
V03 23/10/2015 Update @Nursing home section Stefan Savenstedt (LTU)
Catharina Melander (LTU)
Vo4 03/11/2015 Update @Lab section Alexandra Kénig (CHUN)
Anastasios Karakostas (CERTH)
Ioulietta Lazarou (CERTH)
V05 04/11/2015 Internal Review Yiannis Kompatsiaris (CERTH)
V06 06/11/2015 Update @Home section based on inter- Rachael Joyce (DCU)
nal review Louise Hopper (DCU)
Anastasios Karakostas (CERTH)
Ioulietta Lazarou (CERTH)
Magda Tsolaki (CERTH)
V07 07/11/2015 Update @Nursing home section based Stefan Savenstedt (LTU)
on internal review Catharina Melander (LTU)
V08 17/11/2015 Update @Lab section based on internal Alexandra Kénig (CHUN)
review Anastasios Karakostas (CERTH)
Ioulietta Lazarou (CERTH)
V09 20/11/2015 Changes and finalization Anastasios Karakostas (CERTH)
Stefan Savenstedt (LTU)
Yiannis Kompatsiaris (CERTH)
V10 25/11/2015 Correction of automatic referencing Anastasios Karakostas (CERTH)
Louise Hopper (DCU)
Rachael Joyce (DCU)
Alexandra Kénig (CHUN)
Vi1l 27/11/2015 Final reviewing, minor improvements in Johan E. Bengtsson (LTU)
Abstract, Summary and Conclusions. Stefan Savenstedt (LTU)
V12 29/11/2015 Final version Stefan Sdvenstedt (LTU)
Anastasios Karakostas (CERTH)
®Health B

Better Healtcare for Europe

Page 3

European Commission
Information Society and Media




FP7-288199 7
-

D8.5 — Final Pilots Evaluation H

Executive Summary

The objective of the Dem@Care project was to develop a complete system providing personal
health services to people with dementia, as well as to medical professionals and caregivers, by
using a multitude of sensors, for context-aware, multi-parametric monitoring of lifestyle, am-
bient environment, and health parameters.

This deliverable describes the activities and results of the final evaluation and clinical valida-
tion of the Dem@Care system carried out at test sites in Thessaloniki by CERTH, in Nice by
CHUN, in Dublin by DCU, and in Lulea by LTU. The evaluation included a clinical assess-
ment of the final prototype, which in many ways was a continued process from the evaluation
of the first and second pilots. It describes the work accomplished during the evaluation, data
collected at each site and the results of the analysis of this data. The test and evaluation of the
final prototype was carried out in three different operational contexts with their own specific
aims and goals. The @Lab evaluation was primarily concerned with the use of the final proto-
type to facilitate assessment and diagnosis of people with dementia. It was conducted in both
Nice by CHUN and in Thessaloniki by CERTH and was carried out in specially designed lab
environments placed in a clinical context of memory clinics with the same standardised eval-
uation protocols in both test sites. The @Nursing home evaluation of the final prototype had a
special focus on the effectiveness of the system in clinical use in a nursing home context
when assessing the problems of people with severe dementia who suffer from behavioural and
psychological problems. The test and evaluation was carried out in Lulea by LTU. The
@Home evaluation of the final prototype focused on assessment and support of people with
initial and before interventions diagnosis of mild dementia living in their private homes. This
included the ability of the system to maintain and support the status of the individual with
dementia in five domains of daily life, and supporting independence and autonomy. The eval-
uation activities were carried out in Dublin by DCU and in Thessaloniki by CERTH.

The Dem@Care system with its toolbox of different sensors was adjusted to each operational
context. In the @Lab and @Home evaluation the full toolbox of sensors was used, which in-
cluded Depth Camera, IP Camera, and the GoPro Camera, all used to capture postures, loca-
tions and primitive events. It also included the DTI-2 bracelet sensor used to measure move-
ment intensity and stress. In both the @Nursing home evaluation and the @Home evaluation
a sleep sensor, the Gear4 sensor, measured quality of sleep. In addition to the Gear 4 sensor,
the DTI-2 bracelet and the Depth Camera were also used in the @Nursing home. In all three
operational contexts a microphone intended for voice analysis of stress and diagnostic infor-
mation was piloted. Additionally, in the Thessaloniki pilots, different and new types of sen-
sors (motion sensors, smart electric plugs) were used. The selection of these sensors was
based on positive and the negative results and experiences from Nice @Lab and Dublin
@Home pilots, with the goal to have robust and reliable technical solutions and measure-
ments of relevant sensor data.

The aims, goals, methods and results of the evaluation of the final pilots of the Dem@Care
system in the three contexts of @Lab, @Nursing home and @Home are presented in detail in
separate chapters of this report. The evaluation has in all three contexts been a process that
has been evolving during the project, in the sense that each step in the process has built on
previous experiences and that experiences have been transferred from one test site to another.
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An example of this approach was that the experiences from the @Lab-based pilots were used
as a reference for the test of the system and its sensors. The main findings of the evaluation in
the three operational contexts are presented in a separate chapter and described from the per-
spective of importance for people with dementia, importance from a clinical perspective, and
from the perspective of identifying and verifying assets for future exploitation.

The chapter about @Lab evaluation provides a description of the process of evaluation carried
out in both Nice by CHUN and in Thessaloniki by CERTH. This is one part of the
Dem@¢Care evaluation, which has involved 290 persons in total (132 in Nice site and 158 in
Thessaloniki pilots) and an extensive analysis (139 participants separately underwent the au-
dio recordings and 60 just the single/dual task wearing the DTI-2 bracelet). The specific focus
in the final evaluation was to explore if the Dem@Care system tested in one site with one pro-
tocol (Nice) could successfully be transferred and implemented in another clinical site (Thes-
saloniki) and obtain similar results. The chapter about the @Nursing Home evaluation de-
scribes the evaluation activities which in the final evaluation had a specific focus on the clini-
cal aspects of the effectiveness of the Dem@Care system in supporting staff members in as-
sessing the problems of residents with severe dementia who suffered from Behavioural and
Psychological Symptoms in Dementia, BPSD, and the evaluation of planning and execution
of care interventions. The @Home evaluation provides a description of the process and evalu-
ation carried out in Dublin by DCU and in Thessaloniki by CERTH. The @Home evaluation
activities are described in separate chapters, one for each test site. The evaluation was carried
out with a methodology of case studies and provides detailed descriptions on the use of the
Dem@-Care system in the context of private homes. The lead users participating in the test of
the final pilot system were offered a cognitive rehabilitation intervention where the need for
therapist contact in the early post-diagnosis phase was evaluated.

The overall conclusion of the final evaluation of the Dem@Care system shows that it has the
potential to contribute to an added value for both clinicians in their clinical work and people
with dementia and their informal caregivers in managing their daily lives. The system has
with its design proved to work in such varied clinical contexts as a clinical lab for assessing
cognitive functions of people with dementia, a context of clinical assessments in nursing
homes for people with severe dementia suffering from BPSD, and in clinical assessment and
support of people with mild dementia still living in their private homes. Several of the tested
approaches of using multi-sensing technology in the three different contexts are innovative.
The @Lab test was among the first that tried to demonstrate the use of ICT-based tools for the
purpose of clinical assessment of potential dementia patients. The use of sensors for monitor-
ing behavioural patterns in people with BPSD in nursing homes has to our knowledge never
been described before.
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Abbreviations and Acronyms

AD
ADL
BADLs
BPSD
CHUN
CR
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DJLS
DT
DoW
GDS
LSNS
LTU
Mx
NPI
PSP
PSQI
PwD
QoL
RAPA
ST
SUS
TX.X
WP
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Alzheimer's Disease

Activities of Daily Living

Bristol Activities of Daily Living Scale
Behavioural and Psychological Symptoms in Dementia
Centre Hospitalier Universitaire de Nice
Cognitive Rehabilitation (intervention)
Dublin City University

DeJong Loneliness Scale

Dual Task

Description of Work

Geriatric Depression Scale

Lubben Social Network Scale

Lulea Tekniska Universitet

Month X

Neuropsychiatric Inventory

Primary Supranuclear Palsy

Pittsburgh Sleep Quality Index

Person with Dementia

Quality of Life

Rapid Assessment of Physical Activity
Single Task

System Usability Scale

Task x.x

Work Package
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1. Introduction

This deliverable is the final comprehensive report of the clinical evaluation of the Dem@Care
prototype and includes the evaluation of the final prototype of the system. The process of
evaluating the Dem@Care system has been carried out in a three-staged evaluation process.
The original plan described in the DoW was that the first evaluation phase, where the first
Dem@-Care prototype was deployed, verified usability, functionality and reliability in order to
further refine the functional requirements. The second evaluation phase, involving the de-
ployment of the second Dem@Care prototype, focused mainly on Dem@cCare's external qual-
ities, and to the formative evaluation of suitability, accuracy, security, and maturity. The third
and final evaluation phase, deploying the final Dem@Care prototype, evaluated the overall
efficacy and impact of the Dem@Care system, including clinical considerations and impact
on daily life on people with dementia and their caregivers.

This deliverable will report on technical (e.g. number and types of detected activities) and
clinical (e.g. health status and/or health evolution of the observed people) assessment of the
Dem@Care approach based on the feedback and observation acquired in the evaluation of the
final pilot.

A separate section describes the technical evaluation of the final Dem@Care system which is
followed by an in-depth description of the results of the evaluation for the @Lab, @Nursing
home and @Home studies. The original evaluation strategies were first detailed in D8.2 and
they have been further developed in the evaluation process in all test sites with updated proto-
cols. In all there has been five deliverables that describe different stages of evaluation process,
D8.1, D8.2, D8.3, D8.4 and this final deliverable, D8.5. Delays in the delivery of the technical
system during the different phases of the project have been addressed with longer and more
continuous evaluation activities than originally planned.

The piloting and testing of the Dem@Care system has been carried out in three from each
other very different contexts, the @Lab context which focuses on how the system in a lab en-
vironment can enhance conventional assessment methods for the diagnosis of cognitive and
neuropsychiatric symptoms and the ability to perform activities of daily living of people with
dementia. The tests involved collaboration and comparison of test results between CHUN in
Nice, France and CERTH in Thessaloniki, Greece, who both performed the tests.

In the @Nursing home context, the Dem@Care system is tested in a natural setting of a de-
mentia care unit with a focus on how information from the system aids the staff in their clini-
cal assessments of people with behavioural and psychological symptoms in dementia, BPSD,
and in evaluating care interventions aiming at reducing the BPSD problems. These tests have
been performed by LTU in Lulea, Sweden. A minor test of using the CAR video sensor was
performed by CHUN with five enrolled residents in Nice, France.

Finally the @Home context aims to explore how Dem@Care technology can enhance clinical
support and enable and maintain the independence of older adults with early stage dementia in
their own homes, and also assist informal family caregivers. These tests have been performed
by DCU in Dublin, Ireland and by CERTH in Thessaloniki, Greece.

Since the settings are diverse in many ways, with different patient groups who have different
problems and priorities, the clinical challenges also vary. These differences in site-specific
goals, clinical challenges and contexts lead to necessary differences in evaluation strategies
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and protocols. While the @Lab study performs mostly quantitative and controlled evaluation
protocols, the @Nursing home and @Home sites have used a qualitative design to maximize
the rich information that can be obtained from a small sample size. Furthermore, the approach
employed for @Nursing home and @Home sites collected contextual, longitudinal and eth-
nographic data that is not possible to observe in a laboratory setting. The stage of dementia
for individuals in the three test contexts also varies; the @Home and @Lab settings have con-
centrated on people with a mild stage of dementia while the @Nursing home setting have
worked with individuals with severe dementia.

The strategy of choosing three diverse contexts with very different aims and methods to test
and evaluate the Dem@Care system was based on an approach where the results from each
setting informed the others in a cyclical process. Experiences and test results of the use of the
system from the most controlled setting, the @Lab, was transferred to the @Nursing home as
the second most controlled context, and finally to the @Home settings being the least con-
trolled context. In this way the @Lab setting could make initial evaluations of sensors and
functions in a highly controllable laboratory setting, and validate the sensor information with
a large number of users. Resulting information and analysis was then transferred to the
@Nursing home and the @Home settings. Equally the contextual information and analysis
from the @Nursing home and @Home informed the more controlled procedures in the lab to
help create a more naturalistic setting and enhance the diagnostic procedures.

In all settings performing the tests of the Dem@Care system it was possible to evaluate the
acceptability and usability of the system including the use of each of the individual sensors
and the user interfaces employed, from the perspective of the person with dementia and clini-
cal staff.

This deliverable presents an integrated analysis and discussion of the impact of using the
Dem@Care system based on the test of the final pilot system. The results of tests in each con-
text are described to inform evaluations of the overall personal and clinical impact, together
with a likely societal impact of the Dem@Care system as a whole.

In the following table, an overview of the components-sensors and the total participants for
each site is presented.

Table 1. Pilots Overview

Site Sensors Number of participants

DTI-2, CAR + HAR
@Lab - Nice (RGB-D camera), Microphone, Motion 132 (MCI, AD, healthy)
PIlugASUS/KINECT, DTI-2, GoPro

DTI-2, CAR + HAR
(RGB-D camera),Microphone

Motion, PlugASUS/KINECT/HD Camera,
DTI-2

@Lab — Thessaloniki 158 (MCI, AD, healthy)
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@Nursing Home —

Lulea DTI-2, CAR, Gear4 8

@Nursing Home —

. DTI-2, CAR 5
Nice

DTI-2, CAR, GoPro, iTalk iPhone app

@Home — Dublin (audio) 12
DTI-2, UP24, CAR + HAR
(RGB-D camera), Microphone, Motion

@Home - Thessaloniki | Plug, Presence, Aura + Beddit 4

(Sleep sensors)

1.1  Progress in relation to the Dow

The DoW of the project states that the objective of Dem@Care is the development of a com-
plete system providing personal health services to people with dementia, as well as medical
professionals and caregivers, by using a multitude of sensors, for context-aware, multi-
parametric monitoring of lifestyle, ambient environment, and health parameters. Dem@Care
developed a closed-loop management solution for people with mild or mid-stage dementia
through multi-parametric remote monitoring and individual-tailored analysis of physiological,
behavioural and lifestyle measurements.

1.1.1 Progress towards Objectives

The Dem@Care project has developed, tested and evaluated a system for the holistic man-
agement of dementia that integrate medical and care knowledge with advance information and
communication knowledge.

An important uniqueness of the system is that it both supports the clinical assessment of the
individual problems of people with dementia in different stages of the disease, from people
with mild to severe dementia. The system also enables and maintains the independence of
older adults with early stage dementia in their own homes, and assistance to their informal
family caregiver. The technical support system includes in this way two loops, one for the
individuals with early stage dementia and their informal caregivers, and one loop for profes-
sionals that provide clinical data of psychological, behavioural and lifestyle measurements
that can support clinical assessments and interventions.

The Dem@Care system is designed to be flexible and possible to adjust to individual needs of
people with dementia, which means that the same system can be used in such different con-
texts as a lab environment which is setup to facilitate diagnosis of dementia, in the home envi-
ronment to facilitate clinical assessments and support of the person with dementia in everyday
activities, and in a dementia care unit to support the clinical assessment of professionals of
people in a severe stage of dementia suffering from BPSD. The system is collecting data from
a toolbox of different sensors, both wearable and stationary, that can be adjusted to the differ-
ent contexts and the individual needs of the person with dementia.
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Considering the number of people suffering from dementia in Europe, the use of the system in
the tested contexts has the potential to have a considerable societal impact since it respond to
major challenges in the care of people with dementia. The diagnosis of dementia is a chal-
lenge in itself since it is a symptom diagnosis and there is room for considerable improve-
ments in existing strategies for making the diagnosis. Early, timely and accurate diagnosis is
regarded as an important way to improve the support of people with dementia. Improvement
of clinical support and support of people with dementia and their informal caregivers living in
their private homes is regarded as very important for enhancing community based support.
Community based support systems that can provide high quality support is regarded as the
most important way to improve quality of life of the individual and is also a cost effective
support system for people with dementia who still are able to live in their private homes. The
management of people with BPSD is one of the major challenges in the care of people in se-
vere stage of dementia. An improvement of clinical assessments strategies and a consequently
improvement of care interventions has the potential to support the wellbeing of the individual
and reduce cost of care in an area of care which involves the major cost of care for people
with dementia in Europe.

The developed, tested and evaluated Dem@Care system has proved to meet the goals and
objectives of the project. Delays in the technical development of the system introduced diffi-
culties in evaluation of the impact of the system for people with dementia, their informal car-
ers, and for clinical assessments of professionals in the three different contexts where it has
been tested. This is specifically true for the @Nursing home and @Home contexts. To ad-
dress this, additional pilots were introduced in Thessaloniki, with four complete @Home in-
stallations running for several months and a high number of additional @Lab experiments.
The conducted evaluation indicates that the use of the system has potential to have a consid-
erable impact on the support of people of dementia and their informal carers in all tested con-
texts.

1.1.2 @Lab Pilot — Nice, France

The main goal of the test in the @Lab sites was to assess whether the Dem@Care system can
contribute to conventional assessment methods for the diagnosis of cognitive and neuropsy-
chiatric symptoms and the ability to perform activities of daily living of people with demen-
tia. The DoW stated that the first initial pilot will involve short-term tests (between 1 to 1 1/2
hours) during regular consultation in a memory clinic in a Geriatric hospital. The tests should
involve monitoring of people with dementia in early stages of the disease using the
Dem@Care system to provide a brief overview of their health status with regard to cognition,
behaviours and functions and to correlate the Dem@Care system data with the 