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Abstract

Background: Numerousliving labs have established anew approach for studying the health, independent living, and well-being
of older adults with dementia. Living labs interact with a broad set of stakeholders, including students, academic institutions,
private companies, health care organizations, and patient representative bodies and even with other living labs. Hence, itiscrucia
to identify the types of cocreations that should be attempted and how they can be facilitated through living labs.

Objective:  This study aims to scope publications that examine all types of living lab activities, exploring the needs and
expectations of older adults with dementia and seeking solutions, whether they live in the community or long-term health care
facilities (LTHFs).

Methods: This scoping review was reported according to the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-analyses) recommendations for the extension of scoping reviews. We searched six bibliographic databases for publications
up to March 2020, and a forward-backward citation chasing was performed. Additional searches were conducted using Google
Scholar. The quality of the selected papers was assessed.

Results: Of the 5609 articles identified, we read 58 (1.03%) articles and retained 12 (0.21%) articles for inclusion and final
analysis. All 12 articles presented an innovative product, developed in 4 main living labs, to assist older adults with cognitive
disorders or dementialiving in the community or LTHFs. The objectives of these studies were to optimize health, quality of life,
independent living, home care, and safety of older adults with cognitive disorders or dementia, as well asto support professional
and family caregivers or reduce their burdens. The overall methodological quality of the studies ranged from poor to moderate.

Conclusions: This scoping review identified several living labs playing a pivota role in research aimed at older adults with
dementia living in the community or LTHFs. However, it also revealed that living labs should conduct more better-quality
interventional research to prove the effectiveness of their technological products or service solutions.
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Introduction

Background

The world's population of people aged >65 years is growing
rapidly. In Europe, their proportion hasincreased from 14%in
2010 to 28% in 2020 [1]. According to the World Health
Organization, approximately 20% of people aged =65 years
have difficulties performing some of the activities of daily living
(ADL) or instrumental ADL, often due to reduced mobility,
weakened muscular strength, and disorders linked to cognitive
disorders[2]. Innovativetechnologies or servicesare being used
more frequently to provide responses to heath problems,
particularly for those affected by dementia[3]. In paralldl, health
care professionals and individual citizenswant to participatein
relevant, innovative, and implementabl e sol utions that challenge
the mainstream conceptions of the targets of health innovation
[4]. Recent years have seen numerous studies reporting the
advantages of adopting user-centered design approaches for
developing innovative solutions. These approaches question
users about their needs or observe their behavior with respect
to a product, technology, or piece of equipment [5]. More
recently, design research has evolved from a user-centered
approach, wherein users are considered experimental subjects,
to amore participatory approach, wherein users are considered
partners [6]. This perspective points to the utility of design
methods oriented toward increasing user and stakeholder
participation, whether they are nonspecialists or professionals
[7,8]. Theemergence of living lab (L L) approaches has enabled
researchers to go beyond the user-centered vision by adopting
a user-driven perspective supported by other stakeholders [6].
LLs can turn the main beneficiary of a problem’s resolution
into an actor with akey rolein ascientific process[9].

There are many different definitions of an LL depending on the
domain and the author’s research field; therefore, a widely
recognized definition is lacking [10]. Depending on the
definition, LLsare considered asamethodol ogy for user-driven
innovation; a user-driven, open-innovation ecosystem; a focus
group involving users and stakeholders; or even an experiment
in the environment [6]. This scoping review retained the
definition presented by Bergvall-Kareborn and Stahlbrost [11]:
“aliving lab is a user-centric innovation environment built on
every-day practice and research, with an approach that facilitates
user influence in open and distributed innovation processes
engaging al relevant partners in rea-life contexts, aiming to
create sustainable values” With regard to older adults with
dementia in different health care settings, Bergvall-Kéreborn
and Stahlbrost [11] also stated that an LL could be“apragmatic
research environment, which openly engages all relevant
partners with an emphasis on improving the real-life care of
people living with dementia through the use of economically
viable and sustainable innovation” [12]. LLs can be viewed as
settingsfor open innovation that provide collaborative platforms
for research, development, and experimentation in real-life
contexts using specific methodologies and tools [13]. Falstad
[14] described nine characteristics of LLs, four of which are
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discovery, evaluation, familiar contexts, and a focus on the
medium to long term. The other five contribute to the variety
of LLs asthey may or may not be displayed: the investigation
of the context, active roles for the users, technical testing,
real-world contexts, and multiple settings [14]. In the context
of ever-increasing worldwide economic competition, it is
becoming necessary for industries and companies to innovate
incessantly. However, it has been estimated that 70% of the
innovative products and services they develop cannot find a
market because they do not meet the real-world user needs[15].
Given that LL solutions are developed under conditions that
are designed to be closer to reality and that they can produce
more effective solutionsto the needs of end users, L L srepresent
a considerable advantage in many industrial and economic
sectors [16]. By using LL platforms and methodologies,
companies and health care institutions can reach beyond their
own boundaries, follow an open-innovation model [17], and
integrate outsiders into the cocreation of products [18],
experiences, designs, quality implementation strategies, and
service development [17]. LLs often act as intermediaries or
innovation facilitators for the cocreation process by providing
structure and governance [19,20]. The key components of LLs
include information and communication technology (ICT),
management, stakehol ders, research, and methods of cocreation
and product testing [12]. The ICT and infrastructure component
reflectstherolethat new and existing ICT can play in facilitating
new means of cooperating and cocreating innovations among
stakeholders. The research symbolizes the collective learning
and thinking that occursin an LL and should contribute to both
theory and practice. Technological research partners can also
provide direct access to the panels of older adult testers of new
products, which can benefit the development of technological
innovation with regard to criteria such as ease of use [12].

LLsfor Older Adults With Dementia

Dementiais a progressive, disabling, chronic disease affecting
5% of all people aged >65 years and >40% of people aged >90
years [21]. Older adults with dementia need a great dea of
support and assistance, and this need increases with the
progression of the disease [22]. Nevertheless, most older adults
prefer to live in their own homes for as long as possible, even
if they risk falls, are disabled, or are physically and mentally
impaired [23]. Although this decreases the pressure on nursing
homes and other long-term health care facilities (LTHFsS), it
increases pressure on both informa family caregivers and
community health professionals [24]. Some research and
development has been conducted on cognitive prosthetic
devices, however, there are few relevant tools, solutions, or
technologies specifically for people with dementia[25].

To the best of our knowledge, there are no clear overviews of
the research conducted by LLs either using modern assistive
technol ogy specifically designed for older adultswith cognitive
impairment or dementia or based on their observed and
expressed needs. Numerous studies have addressed the areas
of concern for aging populations in general rather than
specifically for those with dementia [26]. Some studies have
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reported on the use of general memory aids that can be used by
those affected by memory problems and other cognitive
impairments [27]. These studies were often conducted in
traditional laboratory settings and did not include older adults
in their natural environments. Although laboratory studies are
easier to control, their ecological validity is limited [28].
Considering the needs of older adults with dementia in
conjunction with relevant technologies has led to the
identification of potentially innovative solutions for cognitive
reinforcement. The increasing drive to develop innovative,
cost-effective dementia care strategieswill only work effectively
if innovative technologies meet the real needs of people living
with dementia. These processes are often only discussed with
their informal or professional caregivers, yet there is evidence
that peoplewith dementiaare very capable of participating [29].
Involving them in the studies of their day-to-day life is
challenging; however, because of their impaired cognitive
abilities, studies that do not include them will face difficulty
demonstrating the potential effects of implementation in real
life[29]. LLscan involve peoplein their natural environments,
thus providing more environmentally valid evaluations in the
context of innovations for dementia [30].

Theliterature already contains attemptsto explain and analyze
the effects of LLs on technology and communication [31,32].
However, the many different and separate needs of older adults
with dementia and their respective solutions remain
underresearched [33]. This study aims to scope publications
examining al the types of LL activities, exploring the needs
and expectations of older adults with dementia, and suggesting
solutions for them, whether they live in the community or in
LTHFs. The following research question defined our search:
“What doesthe literature say about living labs whose activities
are dedicated to older adults with dementia living in the
community or in LTHFS?’ The overall outcomes of this scoping
review will provide useful insights into existing activities and
identify any remaining gaps in the services provided and the
research conducted by LLs[34]. It will summarize knowledge
on the contributions of (old age) LLs exploring needs, testing
technology, and applying user-based approachesfor improving
the lives of older adults with dementialiving in the community
and LTHFs. The specific objectivesareidentifying LL activities
linked to older adults with dementia; describing the fields of
action of LLs dedicated to older adults with dementia and the
types of research they conduct, investigating the technologies
cocreated in LLs to improve the independence and quality of
life of older adults with dementia, considering the impact of
such solutions with regard to how effectively they reduce
burdens oninformal and formal caregivers, and addressing how
LLs involve various stakeholders in identifying needs and
finding solutionsfor older adults with dementia so that they can
live more independently and with a better quality of life.

Methods

Overview

This scoping review was based on the guidelines published by
Tricco et al [35]. The research protocol for this scoping review
has been documented el sewhere [34]. Studies were included if
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they provided a description of the cocreation process; research
methodology or design; the stakeholders involved; the impact
or effects on independence or quality of life; or the impact or
effects on health status, as defined by the authors. Studieswere
included if they were conducted within LLs or by researchers
and managers (eg, health care professionals, ICT experts, and
engineers) attached to an LL and working with older adultswith
dementia living in the community or LTHFs.

Outcomes

The primary outcomeswere information on the nature, number,
and assessment of studies conducted with older adults with
dementiaperformed by or in collaboration with LLs. Secondary
outcomes were information on the documentation produced by
different types of LLs, their objectives, the location of their
interventions, and the types and methods of cocreation used for
developing technol ogies and servicesfor older adults and other
stakehol ders.

Search Strategy
The search was conducted by amedical librarian (JRA) in March
2020. Six bibliographic databases—were

searched—Embase.com, MEDLINE Ovid, PubMed (not
MEDLINE[sh]), CINAHL EBSCO, APA PsycINFO Ovid, and
the Web of Science Core Collection—with no language or date
restrictions. The detailed search strategies are available in
Multimedia Appendix 1. Additiona searches were conducted
in Google Scholar in French and English, and the Journal of
Engineering and Technology Management (ISSN 0923-4748),
Technol ogy I nnovation Management Review (ISSN 1927-0321),
and the Journal for Virtual Organization and Networks (ISSN
1741-5225) were manually searched. A forward citation search
based on key articleswas conducted in the Web of Science Core
Caollection and Google Scholar in January 2021. Two members
of theresearch team (HV and EP) performed reference screening
and reviewed the bibliographies of the selected studies.

Study Screening, Data Collection Process, and Data
Items

Two reviewers (HV and EP) independently reviewed the
abstracts and full text papers. In cases of disagreement, a
consensus was reached through discussions and consultations
with the coauthors. The research team developed Microsoft
Excel spreadsheets to tabulate data on the studies and
interventions and on their study quality assessments. The
following information was extracted from each relevant study
included and put into an appropriate usable form: (1) study
authors, year of publication, and country where the study was
conducted; (2) study characteristics (including research
guestions, study setting and design, sample size, instruments
used, duration of follow-up, and stakeholders involved); (3)
participants’ characteristics (including age, sex, health status,
and place of living); and (4) types of outcome measures [36].

M ethodological Quality

The quality assessment of the selected papers was conducted
using the Joanna Briggs Institute’s critical appraisal tools for
guantitative, qualitative, and mixed methods studies [37].
Studies were not excluded based on their quality assessment as
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we wanted to provide an overview of the available information

and its extent. Results

Data Synthesis Search Strategy

The resultsare summari zed using descriptive narrative synthesis, - Our strategy of searching bibliographic databases retrieved 5609
All dataon LLswereintegrated into atable. articles after eliminating duplicates. On the basis of their titles

and abstracts, 58 articles were retained as potentially eligible,
and their entire texts were evaluated. A total of 12 studies
satisfied the selection criteriaand wereincluded (Figure 1 [38]).

Figure 1. Flow diagram summarizing the results of the search strategy based on the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-analyses) recommendations [38].
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The 12included studieswere conducted in Canada, France, and  ysahility study. All these studies presented an innovative product
the Netherlands and were published between 2009 and 2020  to assist older adults with cognitive disorders or dementia.
(Tables 1-3; Multimedia Appendix 2 [39-50]). These included
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Table 1. Characteristics of the included study from the Médéric Alzheimer Foundation living lab in France.

Study Product Design Setting and sample  Method Results Quality of life; inde-
pendence; caregivers
Charras  “Danceintervention”: Mixed « Day-carecen- « Quantitative data Immediately enhanced  Strengthened physi-
eta [44] amodernandclassicd methods ter: « Get-UpandGo  well-being of 86% of  cal condition and
dance teacher witha  study « n=23old- test; Stop Walk-  participants, shorter ex- well-being
nursing background er adults ing when Talking ecutiontimeinthe Get-
led a50-minute dance with test; one-legbal-  Upand Gotest for 66%
intervention Alzheimer ance test of participants, varia-
disease «  Baance Confi- tionsin participants
(12 wom- dence Scale social behaviors
enand 11 o Quality of Lifein
men) Alzheimer Dis-
« Meanage ease
83.47 (SD «  Wedl-being: partic-
5.4) years ipant’s feedback

Qudlitative data: verbal-
ization, behaviors, and
attitudes noted in a
logbook
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Table 2. Characteristics of the included studies from the Innovate Dementia living labs in four regions of northwest Europe (Belgium, Germany, the
Netherlands, and the United Kingdom).

Study Product Design  Setting and sample Method Results Quiality of life; inde-
pendence; caregivers
Brankaert « “Qwiek Play":a Case « Long-term care Sequence of activi- Thesystemhada .  Reductionof agi-
and den media system study units: ties: congderablepoten- tationand aggres-
Ouden [45] that creates an o  Study 1: « Systemand tial for people sion
ambient experi- n=14 resi- research with dementia: e Improvement of
ence through vi- dentswith method ex- could reduce need quality of care
sua projection advanced de- plained to for medication and and reduction of
and sounds mentia; n=6 staff could help with burdenonformal
care staff in o Staff mem- better sleep. The caregivers
care home bersinvited system increased
for 29 days touseand ex- the efficiency of
periment care provision by
-+ Sudy2 with the sys- giving nurses
g:,r%tls :/Tth tem during more time to en-
thest i- ein care prac-
advar_lced de- od anL(jidEleEgrd S igeﬁ P
menti; n_=4 their experi-
carestaff ina ence on an
care home evaluation
for 33 days form
- Sudy3 . Afterthe
n=28 resi- study period,
dents with additional in-
moderate de- sights collect-
mentia; n_=3 ed during the
care staff in focus group
day-care.cen- discussions
ter for 35 with care
days professionals
Suijkerbuijk «  “Aangenaam”:  Qualitaa ¢ Community: 12 Aangenaam: two Aangenaam re- o Improved sleep
et al [46] personal evalua-  tive households; 5 methods—8 sults: helped to quality
tion gamewith  study women and 7 men households re- capture first-per-
guestion cards with dementia, ceived personal SON perspectives;
. “Vitadlicht”: dy- and their partners evaluation game amore appropriate
namic light sys- o Meanage74.92 and 4 received a research tool for
temthat positive- years (SD 6.17; tablet-based ques- peoplewith demen-
ly influences the range 66-87 years) tionnaire tia; enabled de-
sleep and wake e Semistruc- tailed capture of
cycle tured reflec- participants’ daily
tion and livesdueto the di-
questionnaire verse types of in-
administered put
at start and Vitaallicht results:
after first and slight increase of
second week mean subjective
sleep quality over
Participants used 2 weeks

Vitaallicht for 3

weeks

e Question-
naireto as-
sess sleep
quality
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Study Product Design  Setting and sample Method Results Quiality of life; inde-
pendence; caregivers
Brankaertet o “GoLivePhone’: Qudita= « Community:n=10 « 3homevisitsover Device data: o  Strengthened
a [47] smartphoneapp tive older adults with 3 weeks phones were used personal safety
for communica  study dementiaand their « GPSdaa ac- very irregularly and independent
tion, personal informal care- tivity levels Questionnaire: walking
navigation, and givers datato see half of participants «  Helped to reas-
sending out an how oftenthe had positive expe- sure informal
emergency sig- phone was riences caregivers
nal to caregivers used Reflection session:
e Question- most comments
naire: evalu- pertained to posi-
ate experi- tive experiences,
ences and some difficulties
perspectives related to techno-
of partici- logical errors
pantsor care-
givers
« Reflection
sessions: on
technology
and study
Brankaert o “PhysCAL":ac- Case «  Community:n=4 «  For 1week, 4 cou- All the older o  Stimulation of
and den tivity reminder  study couples (1 older ples used Physi- adultswith demen- independence
Ouden, [48] calendar toim- adult with demen- CAL at home. tiasaid they did « Reduction of in-
proveday’s tiaand 1 informal Perceptionscollect- not need the de- formal caregiv-
structure and in- caregiver) ed through inter- vice, but half of er's burden
dependence views the caregiversnot-
ed that it was
valuable
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Table 3. Characteristics of the included studies from DOMUS (Laboratoire de Domotique et informatique Mobile a I’ Université de Sherbrooke) in
Canada.
Study Product Design  Setting and sample  Method Results Quality of life; indepen-
dence; caregivers
Imbeaultet “AP@LZ": Quasi- Community: 3older « Measuresat0,3,6, .  Podintervention: paticc «  Stimulatedindepen-
a [49] electronicorga- experi-  adultswith and 12 months ipants continued to use dence
nizer tosupport mental  Alzheimer disease « Impact on daily the system for manag- .  Reduced informal
day-to-day activ-  study (aged 71 years, 58 living: Multifac- ing appointments and caregiver’'s burden
itiesand help years, and 78 years) torial Memory making phone calls.
people to com- Questionnaire  «  Depressive symptoms
pensate for and Prospective did not significantly
memory prob- and Retrospec- change in intensity.
lems tive Memory Decrease in perceived
Questionnaire; caregiver burden ob-
personalized ob- served for one partici-
servation jour- pant
nals
e Impact on psy-
chological com-
ponents: Geri-
atric Depression
Scale and Care-
giver Burden In-
ventory
Bier et a “SemAssist”: a Case Community: one68- «  Therapy comprised «  Generatedsemanticat- Stimulated indepen-
[50] computer pro-  study year-old woman preparing a target tributes of ingredients dence
gram to assist with semantic de- recipe. The partici- pertaining to thetarget,
people with se- mentia pant was asked to and control recipesin-

mantic aphasia
perform differ-
ent steps of an

activity

generate semantic at-
tributes of ingredients
found in one target,
one control, and two
no-therapy recipes.
The study took place
over al-year period

creased significantly
(P<.001) as compared
with no-therapy recipes
(P=.79). The propor-
tion of cooked meals
was increased signifi-
cantly (P=.02)

Of the 147 older adults who participated in these studies, 28
(19%) presented with mild cognitive impairment (MCl), 39
(26.5%) had Alzheimer disease, 12 (8.2%) presented with
early-stage dementia, 42 (28.6%) presented with moderate
dementia, 25 (17%) presented with advanced dementia, and 1
(0.7%) presented with semantic dementia. The participants
ages ranged from 66 to 96 years. All studiesincluded men and
women. There were eight studies that were conducted in
community settings, three in LTHFs, and one in a day-care
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RenderX

center. Finally, 27 family caregivers—the partners of older
adults affected by cognitive disorders or dementia—and 13
health care professionals were also included in these studies.

M ethodological Quality of the Studies

Measured using the Joanna Briggs Institute's critical appraisal
tools, the overall methodological quality of the studiesincluded
in this review was poor to moderate [37]. Only the study by
Bier et a [50] was evaluated as having high methodological
quality (Table 4).
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Table4. Critical appraisal results for included studies using the Joanna Briggs Institute's Critical Appraisal Checklists.

Study design Appraisal questions
Question1 Question2 Question3 Question4 Question5 Question Question Question Question  Question
6 7 8 9 10
Mixed methods study
Quantitative analysis®
Charraset  Yes Yes Yes Yes No No Yes Yes _b —
a [44]
Wu et al Unclear Yes Yes Yes No No Yes Yes — —
[39]
de Yes Unclear Yes Yes No No Yes Yes — —
Sant’ Anna
et a [43]
Qualitative analysis®
Charraset  \/ad Yes Yes Yes Yes No No No Yes Unclear
a [44]
Wu et al N/A Yes Yes Yes Yes No No Yes Yes Yes
[39]
de N/A Unclear Unclear Unclear No No No No Unclear Yes
Sant’ Anna
et a [43]
Quasi-experimental study®
Imbeault et al Yes No Yes No Yes Yes Yes Yes Yes —
[49]
Quantitative ﬂudyf
Boulay et a No Yes Yes Unclear No No Uncler Unclear — —
[42]
Qualitative study?
Suijkerbuijk et N/A Yes Yes Yes Yes No No Yes No Unclear
al [46]
Brankagrtetal N/A Yes Yes Yes Yes No No Yes No Unclear
[47]
Wu et al [40] N/A Yes Yes Unclear Unclear No No No Yes Unclear
Case studyh
Brankagrtand  Unclear No Unclear Yes Yes N/A Yes Yes — —
den Ouden [45]
Brankagrtand  No No No Unclear Yes N/A Yes Yes — —
den Ouden [48]
Biereta [50] Yes Yes Yes Yes Yes Yes Yes Yes — —
Faucounauetal Yes No Yes Unclear Yes N/A Yes Yes — —
[41]

#Joanna Briggs Institute’s Critical Appraisal Checklist for analytical cross-sectional studies [37].
BNo appraisa question.

CJoanna Briggs Institute’s Critical Appraisal Checklist for qualitative research [37].

dN/A: not applicable.

€Joanna Briggs I nstitute's Critical Appraisal Checklist for quasi-experimental studies [37].
fJoanna Briggs Institute's Critical Appraisal Checklist for analytical cross-sectional studies[37].
9Joanna Briggs I nstitute's Critical Appraisal Checklist for qualitative research [37].

R Joanna Briggs Institute's Critical Appraisal Checklist for case reports [37].
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Description of the Included Studies

The studies included in our evaluation were conducted in four
LLs playing pivotal roles in developing innovations aimed at
older adults with MCI or dementia and at their family or
professional caregivers. These projects al aimed to contribute
to optimizing the health, quality of life, independence, home
care, and safety of older adults with MCI or dementia and to
support their family and professional caregivers or reduce their
burdens (Tables 1-3; Multimedia Appendix 2).

The LUSAGE (Laboratoire danalyse des Usages en
Gerontechnologies) LL, affiliated with the Geriatrics Department
of the Broca Hospital and Paris Descartes University in France,
specializesin the design, development, and supply of products
and services providing assistive technologies to older adults
with cognitive impairment (eg, MCI, Alzheimer disease, and
related dementias) as well as their family and professional
caregivers (MultimediaAppendix 2) [51]. LUSAGE isapartner
laboratory of the National Expert Center in Cognitive
Stimulation, launched by the National Solidarity Fund for
Autonomy, whose main objective isto promote the devel opment
and use of innovative cognitive interventions. The European
Network of Living Labs (ENoLL) certified LUSAGE in 2012,
which has a flexible architectural configuration that can be
adapted to conduct in situ observations (eg, home-like settings)
according to each project’s requirements. LUSAGE devel ops
solutions in assistive technologies in collaboration with their
primary end users and stakeholders, which represents a
multidisciplinary team comprising specialists from numerous
fields such as researchers in geriatrics, technology, cognitive
sciences, public hedth, law, and ethics, in addition to
psychologists, physicians, engineers, designers, sociologists,
and health economists. LUSAGE's primary end users are older
adults with cognitive disorders (recruited from the Broca
Memory Clinic, Centersfor Loca Information and Coordination,
and local Alzheimer associations), healthy older individuals,
their families, and their informal and professional caregivers.
These end users are involved in every stage of the product
development cycle (eg, needs gathering, usability testing,
monitoring studies, evaluation of technology acceptance, and
ethical issues) [51].

One of LUSAGE's primary activities is to test the utility and
acceptability of personal assistance robots in older adults
everyday lives (MultimediaAppendix 2). In2014, Wu et a [39]
simulated participants homes and compared how using the
Kompai robot (Kompai Robotics, Robosoft) to complete daily
tasks affected the lives of 6 older adults with MCI and 5 others
in good cognitive health. Participants with MCI were able to
use Kompai just as well as those with good cognitive health.
However, despite the robot’s positive attributes, such asits ease
of use and playful dimension, participants reported that they
had no intention of using a personal assistance robot in their
daily life as they had negative perceptions about this type of
device, associated with negative representations of dependence
linked to aging [ 39]. With the aim of improving the acceptability
of personal assistance robots for the homes of older adultswith
MCI, LUSAGE subsequently ran the Robadom project [40].
The objective of Robadom was to define an idea robot, in
appearance and functionality, that would meet the expectations
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of older adultswith MCI. The most appreciated functionswere
cognitive stimulation, object finding, and diary reminders about
upcoming events, such as the need to take medication or go to
an appointment. Most of the participants had negative
perceptions of robots with human characteristics and preferred
short robots with stylized, rounded, discrete, and yet familiar
shapes [40].

Another innovation developed by LUSAGE was using GPS to
improve the independence, quality of life, and safety of
home-dwelling older adults with dementia and to help their
family caregivers[41]. A maobiletelephone attached to the ol der
adult’s belt provided standard telephone functionalities, but it
also transmitted geolocation data to the family caregiver by
SM Stext messages and could send numerous alarms. Faucounau
et al [41] tested this device for a month in the daily life of an
84-year-old man with Alzheimer disease and his wife. The
couple' sgenera impressionswere that the device wastoo bulky,
sometimes gave imprecise location coordinates, and had a poor
battery life [41].

Finally, LUSAGE has aso been used to develop and test
innovations in LTHF settings [42,43]. In 2011, Boulay et al
[42] tested their MINWIi device with 7 older adults with
Alzheimer diseaseingtitutionalized in anursing home. MINWii
mixes music therapy and cognitive stimulation by allowing
players to improvise or play songs of their choice by pointing
at a virtual keyboard with a Wii remote control. Numerous
benefits of the MINWii, such as positive stimulation of cognitive
function, participants ability to reminisce, and easier
interactions with the care team, have been reported [42].
Sant’ Annaet al [43] evaluated the impact of using a seal -shaped
robot named Paro on the capacity to communicate and the
behaviors of 5 nursing home residents with severe Alzheimer
disease. Quantitative results indicated that using Paro led to a
significant reduction in disturbed behaviors (P=.04), especially
anxiety, aggressivity, irritability, and dleep disorders. A positive
change in communication skills and abilities was also noted in
4 of the 5 patients. Thus, Paro seemed to be an excellent
facilitator of communication for older adults with Alzheimer
disease, inciting verbal and tactile communication as well as
the expression and transfer of feelings by voice and touch [43].

A second French LL working on projects aimed at older adults
with dementiawas set up in Versaillesin 2017 by the Médéric
Alzheimer Foundation (Table 1). It focuses on developing and
evaluating innovative responses in this field to improve the
integration and quality of life of older adults with Alzheimer
disease or related illnesses [52]. This LL collaborates in a
coparticipative manner with older adults and their family
caregivers, treating them as both actors and experts in their
disease. It also workswith health care professionals, researchers,
and entrepreneurs. The central focus of the Foundation’sLL is
evaluating the impact of various psychosocial interventions,
such as cognitive stimulation, art therapy, music therapy, or
reminiscence, on the quality of life of older adults with
Alzheimer disease.

In 2020, Charras et a [44] evaluated the impact of a dance
therapy intervention on 23 older adults with Alzheimer disease
who regularly attended a day-care center. The study’s results
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revealed that 86% of participants (P<.001) experienced a
significant increase in well-being immediately after a dance
session, and 66% of them (P=.04) also showed a tendency
toward faster timesin abalance test [44].

A third European grouping of LLs focuses on developing
innovative solutions for older adults with dementia. The
Innovate Dementia Project comprisesten partnersin four regions
of Northwestern Europe (Belgium, Germany, the Netherlands,
and the United Kingdom), and they collaborate via more than
25 LLs to explore, develop, test, and evaluate innovative,
sustainable solutionsthat consider the socioeconomic challenges
linked to aging and dementia (Table 2) [53]. Their goal isto
improve the quality of life and independence of older adults
with dementia and to facilitate the support given to them by
their close family caregivers. This project began in 2012 and
became amember of the ENoL L network in 2014, concentrating
onfour issues: intelligent lighting systems, nutrition and physical
exercise, living environments, and models of assistance. The
Innovate Dementia Project allows end users (persons living
with dementiaand their family caregivers), whoseroleiscentral,
to collaborate with different stakeholders (care professionals,
businesses, academic and knowledge institutes, and local
governments) to devel op and test innovative productsin real-life
conditions, notably in the homes of older adultswith dementia.
To date, this project has involved 500 end users, more than 200
health care professionals, and more than 25 business partners,
and these partnerships have alowed them to bring more than
15 innovative solutions to the market.

In 2013, Brankaert and den Ouden [48] presented the results of
the first product to be tested at the Eindhoven LL: PhysiCAL,
apersonal activity reminder calendar that promotes older adults

independence. All of the participating ol der adultswith dementia
stated that they did not need such a device, whereas 3 of the 4
family caregivers thought that it had helped [48]. In 2014,
Brankaert et al [47] triadled a second product, GoL ivePhone, in
the homes of 10 older adults with dementia and their family
caregivers. The phone had three main functions: communicating
with other people, providing support when out in the community
via a personal navigation system, and sending an emergency
signal to a family caregiver. Family caregivers were able to
monitor and consult their partners’ smartphones viaaweb-based
app, GoLiveAssist. Although the app was used irregularly and
several technical errorsoccurred during thetrial period, dlightly
more than half of the participants reported having had a very
positive experience and that the device had been helpful . Family
caregivers reported that they were reassured by the device as it
improved their partner’s support and safety [47]. A 2016 study
by Suijkerbuijk et al [46], conducted in the homes of 12 couples
where one of the pairs had dementia, managed to test two
innovative products at the same time: the Aangenaam personal

evaluation game and the Vitaallicht dynamic light system. The
Aangenaam system enablesinformal datacollection onthedaily
lives of older adults with dementia, and as it takes the form of
a game, it has a minimal risk of disturbing their ADLs. The
older adult picksacard from adeck and can answer the question
in different ways, by writing in anotebook, by answering orally
to make an audio recording, or by taking photographs with the
camera provided. The questions explored four categories of
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data: experiences linked to the ADLSs, the participant’s social
and physical context, their personal objectives and significant
life events, and a category adaptable to the product or device
being tested. Ascompared with using aquestionnaire on atabl et
computer, the findings revealed that the Aangenaam system
was better suited and more appreciated by participants; however,
thanks to the different potential means of response, it also
allowed the researchers to gather more details about their daily
lives [46]. The Vitadllicht product, for its part, is a dynamic
lighting system that uses blue light to positively influence
sleep-wake cycles by suppressing melatonin production during
the day. After only 2 weeks of use, this system induced a
subjective increase in the quality of the participants’ sleep [46].
One of the latest products devel oped by the Innovate Dementia
Project isthe Qwiek Play mediasystem, which createsacalming
ambient experience in aroom by projecting images and sound
(awalk through the woods, looking up at a starry sky, visiting
a farm, or viewing a custom dlideshow of family photos
accompanied by music). This product was used in 2017 by
Brankaert and den Ouden [45], with 25 patients with severe
dementia living in nursing homes and 28 older adults with
moderate dementia attending aday-care center. Theimpressions
of the 13 health care professionals were also explored. The
results reported very positive perceptions about the product,
mentioning its potential for use in nonmedicated interventions
to reduce stress and agitation in older adults with moderate to
severe dementia, thus giving care staff more time to engage in
their care practices [45].

Our scoping review identified afinal LL aimed at hel ping older
adults with dementia: DOMUS (L aboratoire de Domotique et
informatique Mabile a I’ Université de Sherbrooke) in Canada
(Table 3) [54]. Set up in 2014, this LL represented the first
project of its type in Canada, and it is equipped with a rich,
multipurpose infrastructure for the design, implementation, and
evaluation of different types of cognitive orthotics. Theresulting
set of orthotics support awide variety of ADLs(eg, medication,
meal preparation, or budgeting), fostering greater independence
at home for people with cognitive impairments (Alzheimer
disease, mental retardation, schizophrenia, or traumatic brain
injury). DOMUS operates three variants of the LL concept: a
smart apartment on its campus that is controlled by a home
automation system enabling short-term  studies in
technology-rich simulated housing; an LL in an alternative
housing unit for people with traumatic brain injury, enabling
long-term ecological studies in a technology-rich real house;
and the LL at home that can be installed in older adults' places
of residence (apartments and houses), enabling long-term
ecological studies in a mobile, agile-technology environment.
From the beginning of each project, developing cognitive
orthoses involves implicating end users (older adults with
cognitive disorders and people with traumatic brain injury) with
other stakeholders (clinical researchers, engineers, health care
professionals, gerontologists, occupational  therapists,
neuropsychologists, and researchersin ergonomics and design)
to ensure that assistive technologies are focused on users and
fully satisfy their needs [54].

In 2011, Bier et a [50] tested a cognitive assistance product
named SemAssist with a 68-year-old woman living alone and
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who had semantic dementia. This device helps people with
semantic aphasia in performing different stages of an activity.
Findings showed that thistherapy, involving following the same
targeted recipe several times over a year, helped this woman
reduce the number of errors she made while preparing that
recipe. The intervention stimulated her memory function as
food preparation devel oped new episodic memories surrounding
the following recipes. Thanks to SemAssist, the participant’s
self-confidence in being able to cook also grew, which
encouraged her to do so more often. The proportion of meals
that she cooked for herself increased significantly (P=.02) [50].
Finaly, in 2018, Imbeault et a [49] tested the AP@LZ
smartphone app in the homes of 3 older adults with Alzheimer
disease. The goalswereto optimizetheir independencein ADLs
by compensating for their memory problems, further supporting
family caregivers and aleviating their burdens. The AP@LZ
works like a personal assistant or organizer and has five main
functions, namely appointment reminders, apersonal database,
amedical database, alist of contacts, and a notepad for jotting
down shopping lists. The 3 participants had different profiles
with respect to age, cognitive status, and social status.
Participant 1 was a 71-year-old married man diagnosed with
Alzheimer disease 1 year earlier, who had language problems
and both verbal and visual memory deficits. Participant 2 was
a 58-year-old married man diagnosed with atypical Alzheimer
disease 1 year earlier, dominated by dysexecutive syndrome
and constructive and ideomotor apraxia. Participant 3 was a
78-year-old singlewoman living alonein sheltered housing and
diagnosed with Alzheimer disease 1 year earlier, which mainly
manifested amemory disorder. The findings underlined that all
3 participants, despite their different profiles, could use the app
intheir everyday lives. Indeed, they all continued to use it after
the study ended as they found that the system helped them, and
they especially appreciated the appointment reminder function.
Using AP@L Z also reduced the burden on family caregivers.
The authors concluded that the app might havelong-term utility,
despite Alzheimer disease being a progressive disease and that
it could be used by people with different profiles and degrees
of cognitive impairment [49].

Discussion

Principal Findings

This review aimed to identify publications examining all types
of LL activities, exploring the needs and expectations of older
adults with dementia and looking for solutions, whether they
were living in the community or in LTHFs. We discovered 12
studies that met our inclusion criteria (quantitative, qualitative,
or mixed methods) involving 147 older adults with MCI or
dementia, 27 informal caregivers, and 13 formal caregivers.
These studies originated from three European LLs and one
Canadian LL playing key roles in research in this field. Their
work has allowed the development, testing, and evaluation of
aseries of innovative products aimed not only at optimizing the
health, quality of life, independence, home care, and safety of
older adultswith MCI or dementia but also at supporting formal
and informal caregivers and reducing their levels of burden.
Most of the studies in this scoping review reported promising
findings, and the LL approach highlighted both positive and
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negative pointsin all the devices, products, and services, which
will be open to improvements through future testing.

Limitations

This scoping review has some limitations. Our literature search
strategy may have omitted some studies as they did not meet
all our inclusion criteriaor asresearchersfailed to identify them
in the study selection process. Some bias might have also been
present in the reporting of findings by the investigators in the
analysis of the selected studies. It isimpossibleto exclude some
bias in the selection of studies as al the included studies had
very limited sample sizes. Indeed, only one of the studies was
evaluated as having a high methodological quality. The limited
number of participants and the overrepresentation of European
LLs means that generaizing these findings to a broader
population or other countries should be done with great care.
Finally, the limited number of recent studies revealed by this
scoping review raises questions about whether any LL activities
are ongoing and whether LLs are sustainable.

To the best of our knowledge, there are no previous, clear
overviews of the research conducted by LLs with respect to
older adultswith cognitiveimpairment or dementia. Our scoping
review has allowed usto understand the services, research, and
clinical activities developed in different LL settings for older
adultswith dementia. Therefore, it providesvauableinformation
to nurses, general practitioners, policy makers, and other
stakeholders involved in LLs dedicated to older adults.
Furthermore, the diversity of the research projects that we
included managed to test theinnovative solutions using avariety
of methodologies.

Comparison With Previous Wor k

LLsrepresent a promising approach for devel oping innovative
solutions to the numerous challenges of an increasingly older
population [3]. Indeed, it can offer an ideal, pragmatic
framework for research involving a realistic, real-life setting,
multiple stakeholder participation, multi-method approaches,
and cocreation [55].

To the best of our knowledge, there are no best practices for
design-driven LLs. The lack of consensus on the practices,
methods, tools, and boundaries of LLs raises several obstacles
to the adoption of this approach as well as creating confusion
about the definition and components of an LL [56]. Thus, some
research groups claim to be using an LL approach, athough
they really are not. In contrast, some research groupsusing LL
approaches are not labeled as such. For example, the ENoLL
label isso new that it has not yet been classified asan LL [15].
Furthermore, the complexity and diversity of what is going on
withinan LL can blur the boundaries among research, industry,
and other economic market sectors [15]. Multifactorial
difficultiesin finding financing for LLs are another frequently
reported problem (instability over the medium to long term,
problems balancing representativity between stakeholders in
decision-making, and investors different expectations with
regard to returns on investment, and the absence of social
capital). Managing intellectual property is also problematic
because of the lack of aconsensus model for doing this and the
ad hoc nature of contractual dealings and agreements [15,56].
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Finally, several difficulties have been reported concerning the
sustainability of LLs[57]. Primarily because of the notable lack
of sustainable financing or nondiversified financing (whether
from private or public sources), it is common for LLs not to
survive beyond the time needed to conduct their first financed
research project [57]. Thus, it seems essential that to have
sustainable LLs, they should be developed within solid,
dynamic, long-term, strategic frameworks that continuously
evaluate financing, new target audiences, and potential revenue
streams. They should involve multiple stakeholders and have
the capacity to evolve over time, moving from one innovation
category to another [57].

With regard to projects aimed at older adults, numerous studies
conducted in LLsaim to find solutionsto the pressing problems
facing older populations in general [26]. However, there are
still few innovative tools, solutions, or technologies that are
especially adapted for older adults with dementia [25]. It will
be essential to promote more research and experimentsin LLs
aimed at populations with dementia as these approaches are
promising and encourage the cocreation of innovative solutions
to maintain or improve their heath, quality of life, and
independence [58,59]. Although integrating older adults with
dementia into the LL process—from product design to
evaluation—isalso essential, it remains sporadic, unfortunately,
because of the inherent difficulties of collaborating with
individuals with an impaired cognitive function and the ethical
issuesthat thisraises[29]. LL approachestoo often only include
formal and informal caregivers when older adults are till
capable of participating, and innovative solutions will never be
optimally effective if they fail to fully meet their needs and
expectations[29]. Severa studieshave reported that older adults
with dementia would be happy to actively participate in the
development processes seeking innovative solutionsthat would
benefit them in the future. They are enthusiastic about the idea
of contributing to these solutions by bringing their unique and
precious experiential knowledge [60]. The LL approach
represents an ideal research and experimental framework for
older adults with dementia as studies that fail to include them
as coparticipantswill not be able to meet their real-world needs
and reliably show the effects of innovative solutions on this
population’s daily lives [29]. There are numerous strategies to
ensurethe voluntary participation of older adultswith dementia
and overcome the challenges of cognitive impairments and
ethics, such as the concepts of fluctuating consent, process
consent, or rolling consent. These strategies promote effective
communication between all stakeholders involved so that the
vulnerable person’swillingnessto participate can be monitored
continuously [61]. A complete LL approach must necessarily
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involve formal and informal caregivers as innovative solutions
must meet the needs and expectations of end users and those
who look after them [54]. The LL approach also requires the
points of view, expertise, and collaborations of all the involved
stakeholders (eg, students, academic institutions, private
companies, health care organizations, and patient representative
bodies) [62]. Given that most L Lsfocusing on older adultswith
dementia appear to be in Europe, this approach requires
development on other continents [63]. We do not know of any
best practices for design-driven LLs, and it may be necessary
to develop guidelines on the LL approach to direct and support
the establishment and sustainability of innovative solutions, and
to facilitate relationships and engagement with stakeholders
and end users [45].

Conclusions

To the best of our knowledge, there are no clear views of the
research conducted by LLs with respect to older adults with
cognitiveimpai rments or dementia. This scoping review enabled
usto draw together the few but varied existing research findings
and contributed to consolidating knowledge in this field. This
allowed usto identify 4 LLsthat play acentral rolein research
testing and eval uating innovative productsto optimizethe hedlth,
quality of life, independence, home care, and safety of older
adults with dementia, whether they live in their homes or in
LTHFs. This research also supports and reduces the burden on
formal and informal family caregivers. Furthermore, thisscoping
review could be used as a reference for anybody interested in
using LLs with older adults with cognitive impairments or
dementia. It provides valuable information to nurses, general
practitioners, policy makers, and other stakeholders involved
in LLs dedicated to older adults on the practices, methods, and
tools that can be used with older adults with cognitive
impairment or dementia. To date, very few studies using the
LL approach have focused on older adult populations with
dementia, notably because of the difficulties associated with
their lower cognitive abilities and the ethical challenges this
raises. By allowing older adults with dementia to experience
cocreation within a well-defined environment and influence a
potential product’s design, ease of use, or acceptability, the
other stakeholders should be better able to address their needs
and expectations. Therefore, it is essential that more LL
experiments integrate both older adults with dementia, their
formal and informal caregivers, and al other pertinent
stakeholders. This will assist in the development of more
appropriate, better adapted, sustainable, innovativeinterventions,
services, and products to meet the growing societal challenges
brought on by dementia.
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