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Abstract

Background: Dementia is a health and care priority globally. Caring for persons with dementia is a challenge and
can lead to negative psychological, physiological and financial consequences for informal carers. Advances in
technology have the potential to assist persons with dementia and their carers, through assistive technology
devices such as electronic medication dispensers, robotic devices trackers and motion detectors. However,
little is known about carers’ experience and the impact of these technologies on them. This review aims to
investigate the outcomes and experience of carers of persons with dementia, who live at home and use
assistive technology.

Methods: A systematic search in seven databases and manual searches were carried out using pre-defined
inclusion and exclusion criteria to identify studies on carers of persons with dementia involving the use of
assistive technology. The search identified 56 publications with quantitative, qualitative and mixed-method
designs.

Results: The studies reported positive and negative findings and focused on a wide variety of assistive technology
devices. There were large differences in the uses of assistive technology, outcome measures used and the quality of
studies. Knowledge and acceptance, competence to use and ethical issues when using assistive technology were
themes that emerged from the studies. Carers generally appreciated using assistive technology and their experience of
use varied.

Conclusions: The intention of this systematic review is to list and classify the various types of assistive technology used
by carers of persons with dementia and explores the positive and negative aspects, knowledge, acceptance and ethical
issues in the use of assistive technology by carers of persons with dementia. We recommend the use of a standard and
person-centred system of classifying and naming assistive technology devices and systems and for future research
efforts in assistive technology to incorporate a family/carer centred model.

Systematic review registration: PROSPERO - CRD42017082268.
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Background

Dementia is a complex acquired brain condition charac-
terised by a decline from a previous level of cognitive
functioning with impairment in cognitive domains [1].
Worldwide there are an estimated 50 million people
who have dementia and nearly 10 million new cases
every year [2]. Informal carers (families, friends and
neighbours) provide the majority of care for persons
with dementia [3]. Dementia can be overwhelming for
carers of persons with dementia and can cause stress
from physical, emotional and economic pressures [4—6].
Stretched health and care resources necessitate alterna-
tive and innovative ways to providing care for persons
living with dementia [7]. Assistive technology (AT) has
been suggested as a means to support someone who has
dementia and their carers to stay independent and re-
main in the community [8—11]. AT can be defined as:
“any item, piece of equipment, product or system that
is used to increase, maintain or improve the func-
tional capabilities and independence of people with
cognitive, physical or communication difficulties” [12].
The use of AT by persons living with dementia may
by extension also benefit the carer, as it could offer
the potential to increase the support to carers and al-
leviate some of the burden of caregiving [13-16]. AT
may assist carers to address the increased level of re-
sponsibility whilst caring for a person with dementia
[17, 18]. Additionally, carers of someone who has de-
mentia are in the unique position of using their pre-
conceived ideas regarding AT to suggest and decide
on the access to and use of AT [19], yet very little is
known about carers’ experiences of AT use.

Why it is important to do this review

Currently, AT and Artificial Intelligence driven health-
care solutions are being viewed as a panacea for redu-
cing carer burden [20, 21] and multiple studies are
investigating how AT can support people with dementia
[22-24]. Carers could be using the AT together with the
person with dementia (such as safety alarms) and/or
carers could be looking after someone who has demen-
tia, who uses AT independently of the carer. Yet, little is
known about the experiences of carers using AT and
what impact AT has on carer health and wellbeing [25].
This review, aims to fill the gap in literature that so far
has predominantly looked at AT from the perspective of
people living with dementia and its use within institu-
tional settings [7, 26, 27] as well as identifying carer
wellbeing when using AT. This information could bene-
fit carers and persons with dementia considering AT so-
lutions for use at home, help healthcare professionals
who prescribe and set up AT solutions, as well as devel-
opers/inventors of AT.
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Review aim and questions
This review aims to:

1) Identify the types and uses of AT in dementia;

2) Describe the effectiveness of AT for outcomes
(including burden, well-being and quality of life) of
carers of people with dementia living at home;

3) Describe carers’ experiences of AT use in dementia;

4) Determine the aspects of AT that are valued and
work well for carers by integrating (2) and (3) as
above.

Methods

The review protocol was registered with the inter-
national prospective register of systematic reviews
PROSPERO (CRD42017082268). The Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) checKklist is included as Additional file 4.

Types of studies

Quantitative, qualitative and mixed method study de-
signs were included. Letters to the editor, abstract and
conference proceedings, book reviews, study protocols
and theses/dissertations were excluded. We did not in-
clude other reviews but checked references within iden-
tified existing reviews on dementia, informal carers and
AT to ensure that all relevant studies had been located.
Due to funding constraints, only studies in English
language or those translated to English language were
included.

Evaluation of effectiveness

We included all randomised and controlled trials that
compared AT for carers of someone who has dementia
to those not provided with the AT, and who received
usual care. We also included observational and cohort
studies.

Evaluation of experience

We included studies that used qualitative methods of
data collection and analysis, either as a stand-alone
qualitative study or as part of a mixed-method study.

Types of participants

Studies that included carers who provide unpaid care for
a person living with dementia at home were included.
Providing care is defined for the purposes of this study
as ‘supporting a person with dementia physically, emo-
tionally, financially or socially’ and care could be pro-
vided by a relative, a friend or a neighbour. There were
no restrictions regarding gender, living arrangements or
ethnic background. Studies reporting on carers who pro-
vide support to a person living with dementia receiving
care in hospital and/or long-term institutions and carers
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younger than 18years and formal/paid carers were
excluded.

Types of assistive technology

For this review, studies that evaluate AT use in dementia
involving carers were included. AT was defined as ‘any
advanced electronic equipment, which can be used to
enhance support and care, act as a prompt for interven-
tion by carers, monitor welfare and assist in communica-
tion and leisure activities for a person with dementia’.
This AT can be standalone (e.g. Tablet computers) or be
part of an integrated system (e.g. GPS and sensor
trackers) and can be stationary or mobile. As the focus
of most research studies invariably is on the person liv-
ing with dementia, any study that reported on effects or
experiences of AT use on carers were included. Studies
that reported only on AT use for people with dementia
without including carers were excluded, as were studies
that focus only on electronic therapeutic interventions
that are not AT (e.g. computer-based education or sup-
port for carers).

Types of study outcome measures

The search was not limited to specific types of outcome
measures and included carer self-reported outcome
measures of burden; quality of life; and well-being; and
self-reported or researcher observed experiences of use-
fulness; benefits and disadvantages of AT and impact on
carer /person living with dementia relationship.

Search strategy
The search strategy was developed in collaboration with
a Bodleian medical library librarian at the University of
Oxford.

Searches were carried out on:

Databases

Including MEDLINE (Ovid) from 1946 to June 2018;
EMBASE from 1974 to June 2018; PsycINFO from 1806
to June 2018; AMED 1985 to June 2018; CINAHL from
1981 to June 2018; Database of Abstracts of Reviews of
Effects (DARE), OT seeker and The Cochrane Library of
Systematic Reviews. The search included studies within
ALOIS (from inception to June 2018).

Unpublished literature

The International Standard Randomised Controlled Tri-
als Number (ISRCTN) registry [28] and the National In-
stitutes of Health Clinical Trials Database [29] were
searched for information on unpublished ongoing trials.
Searches within these databases were used to identify
additional studies and authors to contact for full text
reports.
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Manual searches
We also conducted manual searches of reference lists to
identify relevant research studies.

Details of the full search, with search strategies and
the number of records identified in each database are in-
cluded in Additional file 1.

Screening

Electronic search results were downloaded into Covi-
dence software [30] (an online digital platform that
streamlines the production of systematic reviews and al-
lows screening and data extraction between collaborat-
ing reviewers) as .ris files. Duplicates were removed
using the software. Authors VS and MP independently
screened all titles and abstracts for eligibility against the
inclusion/exclusion criteria. For studies that had insuffi-
cient information from the title and abstract, full text ar-
ticles were retrieved to determine inclusion. Studies
marked for possible inclusion underwent a full-text re-
view. At full-text review, when both VS and MP agreed
that a study did not meet the full eligibility criteria, the
study was excluded. CJ was consulted when VS and MP
did not agree on a study. Discrepancies were resolved by
mutual discussion.

Data extraction

A bespoke data extraction form (Additional file 2) devel-
oped by all the authors was used and initially piloted on
a sample of studies to refine the form. Data from the
studies were logged using Microsoft Excel 2016. There
were no deviations from the published protocol.

Effectiveness

Data extraction items from quantitative studies were
based on the recommended items from the Cochrane
handbook for systematic reviews of interventions [31].
Information on citation including authors, date of publi-
cation, study design, duration, number of participants,
participant gender, age, ethnicity, country where the
study took place, relationship status to the person living
with dementia, types and use of the AT, outcome mea-
sures used, time points of data collection, missing partic-
ipants and key conclusions from the study authors were
extracted.

Experience

In addition to collecting information from qualitative
studies on citation, author details, study design, duration,
and participant information, country and time points
when information was collected, VS extracted data based
on study authors’ commentaries and conclusions [32, 33].
MP and CJ checked extracted data for accuracy and com-
pleteness. Disagreements and clarifications were resolved
by discussion among the authors.
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Results

The first search was carried out in December 2017
and repeated in June 2018. A check for duplicate re-
cords was carried out electronically. To confirm re-
sults gained from Covidence [30] an additional
screening using reference management software Men-
deley [34] was undertaken. From the 11,553 records
retrieved from database search 3635 were removed as
duplicates. The titles and abstracts of the 7918 re-
trieved records were independently screened by VS
and MP. A total of 7746 records were excluded (in-
cluding further duplicate records) and full-text articles
for the remaining 172 records were independently
assessed for inclusion based on full texts by VS and
MP. Fifty-six papers met the inclusion criteria and
were included in this review for data extraction. Rea-
sons for exclusion of the full-text papers were docu-
mented and are listed separately (Fig. 1).

Included studies

Of the 56 included publications, 30 were qualitative, 17
quantitative and 9 mixed-methods reporting on a total
of 50 studies from 19 countries. There were 2 Rando-
mised Controlled Trials (RCTs) and 1 Controlled Clin-
ical Trial. The publications were from 2000 to 2018,
reporting on findings from 2016 carers (660 men and
1165 women, where gender was reported) and 84 types
of AT. Carers’ age ranged from 19 to 91 years, with 13
publications not reporting an age range for participants.
Several methods were used for data collection including
interviews (32), surveys (14), observations (8), focus
groups (7), questionnaires (6), diary/log entries (4) and
video recording and email and blog reviews (1 each),
with 19 studies using more than one method for data
collection. Seven studies [35-42] reported on ethnic
backgrounds of participants which were predominantly
from white backgrounds alongside Hispanic, African
American, Asian and ‘other’ backgrounds. Most studies
reported the severity and type of dementia, without
specifying a classification system; for ease of use, we
have followed the 3-stage classification system of clin-
ical dementia rating assessment [43]. Where reported
in the studies, most studies involved people with de-
mentia who had mild or moderate dementia. The carer
relationship to the person with dementia ranged from
spouses, siblings, children, daughter/son-in-law, nieces
and nephews, grandchildren, neighbours and friends.
Some studies included paid carers and participants who
lived in long-term care facilities alongside carers of
someone who has dementia living at home. The results
described in this review relate only to family carers and
persons with dementia who lived at home from those
studies.
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Quality of included studies: appraisal of included studies
As this review involved quantitative, qualitative and
mixed-method studies, the Mixed Methods Appraisal
Tool [18, 44, 45] for assessing quality of included studies
was used. MMAT scores are provided (Additional file 3)
for the included publications. The score is a subjective
appraisal of a study’s methodological quality. For qualita-
tive and quantitative studies, the percentage of criteria
met is stated. For mixed-methods studies, the overall
score cannot exceed the lowest score of a component, so
if one part received 100% but the other 50%, the overall
score would be 50%. This means it would be possible for
a study to have a strong quantitative section and a
weaker qualitative section, or vice-versa, but the overall
score would be low, suggesting the study might be less
valuable [18]. The included studies were critically evalu-
ated by VS and discussed with MP and CJ with discrep-
ancies resolved through discussion. A majority of the
included publications scored over 50% on the MMAT
score with six of the qualitative studies [46—51] scoring
highly for due consideration of results in context and for
researchers’ own influence on data collection and inter-
pretation of results. The RCTs [35, 36] and the con-
trolled clinical trial [37] scored poorly on allocation
concealment and blinding and the RCT pilot trial [36]
also had a high attrition rate. While not ignoring the
strengths and weaknesses of the studies, we have in-
cluded all studies, to answer the questions for this re-
view and add to the richness of our findings. Results are
presented in line with the questions that this systematic
review set out to explore. Characteristics of the included
papers are presented in Table 1 and additional details
are available in Additional file 3.

Data synthesis
As the included studies were a mixture of quantitative,
qualitative and mixed-methods studies, we completed a
narrative synthesis of the evidence [32, 33, 93-95]. The
narrative synthesis aims to present a descriptive sum-
mary of findings across the included studies and themes
relevant to the aims of this review, such a synthesis can
produce new insights and understanding from different
aspects and provides a more informed view of carer ex-
perience with AT. Lins et al. describe that when “de-
scriptive qualitative studies that are characterised by
‘thin descriptions’ are available, an aggregative method is
more appropriate; if the identified evidence includes a
high proportion of in-depth qualitative studies charac-
terised by ‘thick descriptions, an interpretative method
can be applied” [96]. Since all of the qualitative studies
in this systematic review had ‘thin descriptions’ available
we used an aggregative method for qualitative synthesis.
We followed the method of Timulak [97] for
qualitative data synthesis. We transferred data from the



Sriram et al. BMC Geriatrics (2019) 19:160

Page 5 of 25

( )
: . ..
2 Records identified through
3 database and manual searching
& -
-,g (n=11553)
. - Duplicates removed
" (n=3635)
—
A 4
)
Records after duplicates removed
(n=7918)
oo
£
=
8 \ 4
S
0 Records screened R Records excluded
(n=7918) " (n=7746)
—
A 4
. Full-text articles excluded, with reasons
Full-text articles assessed / (n = 116)
T n=
Z for eligibility
'S (n=172)
‘B0 Reasons for full text article exclusion
= 18-Does not include informal carer experience or
outcomes
15-Thesis/ grey literature
15-General Literature review
- 9-Poster or conference abstract
9-Ongoing trials not completed
9-Wrong setting (i.e. care home, hospital)
9-Unable to obtain full text for review
8-Not electronic AT
6-AT not for PwD
\ 4 4-Does not include Informal carer
4-Therapeutic interventions
Studies included 3-Commentaries/not full text papers
(n=56) 3-Describes development of AT
L] 2-Not in English
Q I 1-Correspondence/ letter to editor
-g . 1-Duplicate
E I
- \ 4
\ 4 v A
— . . . . . . . .
Quantitative studies Qualitative studies Mixed method studies
(n=17) (n=30) (n=9)
Fig. 1 PRISMA flow diagram of study selection

extracts of the included studies into data analysis soft-
ware NVivo Version 12 [98]. The first step of the ana-
lysis was to read and get familiarised with the included
studies. This was followed by creating a conceptual
framework of categories on carers’ experiences as an

emerging process using a few studies. Subsequent stud-
ies were coded into pre-existing concepts, and new cat-
egories were created when deemed necessary. As a third
step, from these categories, themes of meaningful units
are described and presented as findings. VS extracted



Page 6 of 25

160

(2019) 19

Sriram et al. BMC Geriatrics

9ousladxe 1uedpiiled

suonoa|jal uedpiued

suonda|al Juedidiuied

suonoa|al Juedidiuied

suonoa|jel uedpiued

suolda|al Juedpiued

(Payipow) 3jeds
Uless JaJed ulydely pue
suonda|jal uedpiuey

sa12uUbIA
Uo suonda|al uedpined

sa19uUbIA
Uo suonda|as Juedpiied

suonoajal Juedidilied

suonoa|jal edpiued

suonoajal Juedidilied

suonoa|jal uedpiued

syuspIdUl JO Alejp pue
suonda|el Jueddiued

wolj padaj|od eleq

uliely BUIUORISO dAISsed

SIOSUSS ‘UoNNG Wiiele
yim Aemaieb - ay7Qy

2d 12|qed
'S9DIADP UOREDIUNWIWIOD

'$105USS - TYNYNLOON

Jasuadsip |id
DIUOJIDB[S UONUOW SdD)

|0J1U0D 210Ul
|eads ‘pre Alowsw
‘suoydalel uonng

2un1oid ‘anezed buny|el
‘SI0NUOW J2300D ‘ISP
Buppel} 21U JOSUDS
obessed ‘ulieje Joop
‘Wleje paq ‘wiele A1aes

yorem asodan

‘abessay Alowapy
‘Jepua|ed 10N-2|N-196104
‘lepuajed Aed pue 1ybIN

1R §4O

SIDIASP BuBDeIL [SDINSP
1O youms seb pue

J31eM Dl1ewoINe selsuled
'SIOSUSS JUSLUSAOW

ERlIEle)
BupydRI} 2JU0IDIR SO

W1sAs bunoluow
awin 1ybiu swoy-u|

1YRI} §4O

JaWlll 9A01S

‘suoydajar uonng

21n101d ‘9DIASP 194000

seb ‘dule| 3ybiu dewone
1J03eD0| WidY 150| Lepua|ed
Kep pue 1ybiu dnewoiny

101BD0] 3|IGOIN/I%DR1 G4

ABojouyda] sAISISSY

yoeoidde ojydeibouyng

pauodal 10N

yoeoidde
|ed160j0UBWIOUY 4

K103y| papunolin

panodal 10N

K03y papunoin

K03y papunoin

yoeoidde spomauel

yoeoidde
SUOMIWEL) Dlleway |

Kioayy
papunoib -uondudssp
|en1daduod (|4

Apnis ase> peAp o|bulg

Ai103y| papunoln

sisAjeuy dneway |

Apnis ased

yIoMaWel4 [e2113103Y |

uonenasqQ uedpiied
SMIAIDIUL
PRINIDNIIS-IUSS

SMBIAIRIUL
PRINIDNIIS-IUS

sdnoib
SNJ04 pue SMIIAIIU|

SMIIAISIU|

smalaRul Yidag
-U| pue SUOIBAISSGO

ASAINS pue SM3IAIRIU|

SMBIAIRIUL
PRINIONIIS-IWSS

sdnoib snoo4

SMIIAIDIU]
PRINIDNIIS-IUIDS

SMIIAISIU|

SUoeAISSqO
pue smalAlalU|

SMBIAIRIUL
PRINIONIIS-IWSS

SMaIAI1U|

ubisag Apnis

89-C9

panodal 10N

panodal 10N

8/-S¥

68-C9

8/-5S

€LY

l6-¢C

pavodal 10N

98-8¢

89

panodal 10N

6/-¥¢

panodal 10N

sbuel aby

(Uswom ¢ ‘uawiy) sasnods g

(pawuodal 10U JapuULD)
Spusli4 + Ajiwe4 + sesnods - |

(Aj21eJ0dRS paliodal 10U JI9pURD)
8

(UaWom || ‘usaw g)
JnoqubieN
+121ybneg+ uos + sasnods - 9|

(USWOM 8 ‘UsWQ)
sasnods 4|

(UsWwom ¢ ‘ajewi|)
InogybleN+ sis1ybned+ uos — ¢

(USWOM 9 ‘UdW )
191ybneqg +uos + sasnods - Q|

(USWIOM 77 ‘UsW 71)
pual4 + UaJp|IydpueIn
+ UalpiyD + sasnods - pg

(USWOM 7 ‘Uswi 7 1)
ualp|IyD + sasnodsg — g¢

(Usawom ¢ ‘uaw |)
1921ybnep
puels + sia1ybneq + sasnods — 4|

(uewoMm 1)
asnods — |

(uswiom ¢ ‘usul G)
siybneq + sasnods |

(USWIOM G| ‘UdW G)
pual4 + mej-ul-ia1ybneq +
BuIiqIS + uaupiyD + sesnods — 07

(uswi 7)
sasnods -7

syuedidpied

uapams

SpuelayIaN

puejal| URYUON

Uapams

usapams

uspams

pue|bug

pue|bu3

BN

vsn

2ouel4

Uspams

puejaJ|

vsn

Aluno)

€10¢
[c9] 18 V UOSS|O L

€107
[19] e 3@ NJoyliN €1

€10¢
[09] e 12 Suey L

414
[65) e 12 1 B1aquasoy 11

cloc
(85] €19 vV UOSS|O 0L

110z
[6] e 32 1 Biaquasoy 6

0Loz
9G] e g3 =amuym 8

010t
[l¥]le3s(jomod £

0L0T
[SS17e 3o Y nepuel 9

600C
[o¥] rH Bunds g

600C
[¥S) e 33 A neunodney ¢

800C
[€6] Il 19 S Jewweyyiels €

£00C
rIsiyed ¢
000¢
[¢S] e 19 3@ smy L
21eq
sioyiny oN

S3IpNIs SAleYeND

S3IPNIs PapN|aUl JO sdRsLaIdRIRYD) | 3jqel



Page 7 of 25

160

(2019) 19

Sriram et al. BMC Geriatrics

suonoda|jal uedpiued

suonoa|al Juedidiuied

suonoajal Juedidilied

suonoa|al uedpied

Abojouyday
JO ssauaJeme
Uo SuoNd3|aI JueddILed

suondael edpiued

912UBIA
+ 1V JO uswdoeAsp
Uo suoNd3|aI JuedDILEd

suonda|jel uedpiued

sa12uUbIA
Uo suonda|al Jueddiled

suolda|Rl Juedpied

Uo11ed0| Sdo) ‘212331
pue swlefe Ajunwwo)

2dAys
‘sio)uowW Ageq ‘selawed

wiefe yum Jasuadsip
2UIPAW S0P Alowaw
‘pareAnde uaym abes
-Sawl e 1o Buipeal xoq
abessaw ‘Yo1em 1sum-udie
Bupeads ‘Jepuajed aiep
pue Aep dnewoine ‘suoyd
d|Iqow a|dwis 101e0|
W)l 20| Joop DIuoII3[S
'UOISIARI8Y J0) [0U0D
a10wai a|dwis ‘Jepusjed
1ybiu pue Aep dnewone
'SUIYDBW 930D UO Jawi)
‘Wee IS00D ‘9IASp
Bupioel ‘siswn ‘s105U8S

siasuadsip |jid

‘saindid yim ssuoydajel
payiiduis ‘uonelusto
ple 0} $}20]2 's|00}
9DUDSIUIWRI ‘Sbeubis
‘SadIASP BuLloUOW
UO[3eI0| §dD) ‘2Jed3J3)
pue swiefe AUNWWOD

W1sAs bunoyuow
Y1y ‘WiaisAs 12e3U0d
|BID0S ‘W1sAS Bupdel)

SdD ‘|ess Adesayy d10qgol
- ABojouyday buibisws
Snid "d1A9p Buppdes
Sdo ‘Abojouydal J0suss

sbeq
pue s19%>0d Ul paied
1o syuepuad ‘saydiem
Se UIOM - $S3DIN3P SdO

s}omiau
JOSUDS pUB SIOSUSS
‘101e61ARU ABP MONMOOD

AL
10} |03U0D S10Wai S|dwis

SI0SUS
WR1SAS UONEIIUNWWIOD
03PIA ‘WSAS

|BASIIIDI UOIRULIOJU|

auoydsje1 Alowaw ooyd
"JI9pUILLS) UonedIpaW
21U0JIIS '$10132P
JUSWISAOW ‘SeIaWeD)

pauodal 10N
ubissp

‘Ainbua dnsieinien

Apog panl, jo uondsduod
|e2160j0UBWIOUSY

poylaw
SAIRIPAUWOD JUPISUOD
‘sisAleue deway ]

pauodal 10N

uosedwod JueISUOD
UM sisAjeue dieway |

panodal 10N

Bujuies| pazenyis [2Pos

sisAleuy dneway |

Anus ybnoy |

SMIIAIRIU|

SMIIAIRIU]
PaIN1oNAIS-IWSS

SUOeAI=sqQ
pue smainRul yidap-uj

SMIIAIRIU|

SM3IAISIUI Yidap-u]

(ApMs spoyiaw paxiuwl
|BUOIIBAIDSCO JO Led)
SMaIAIRIU

dnoib
SNJ04 pue SMIIAIU|

SUoNeAISSGO
pue smalasRIUl Yidap-u)

SMBIAIRIUL
PRINIONIIS-IWSS

SUOIIBAIRSCO
juedpiued pue
SMBIAISIUL PaINIdNASUN

8-6%

99-G¢

6861

8-6%

744

panodal 10N

pauodal 10N

68-61

16-8¢

G9 Ueyl ss7

(Aj91040d3s paniodal 10U JopuaD)
9T

(usw 07)
ME|-UI-UOS + SUOS — (07

(pauodal 10U JspuaD
JuaJed+ UIpIYD+ Sasnods - |

(Aj91040d3s payiodal 10U JopuaD)
s121ybneq pue sasnods - 97

(Uswiom gz ‘usw 9)

uIsnod + Mef-ul-Ja1ybneq

+ 223N + bulgIS + JnogqyblaN
+ pual4 + UIp|IydpuRID)

+ UaIp|IyD + sasnods - ¢

(uswiom 6 ‘usuly)
MeJ-ul-191ybneg

+ ME[-UI-UOS + s1a1ybneq

+ UOS + J31SIS + sasnods - 9|

(Aj21040d3s payiodal 10U J9puaD)
€l

(UswioMm G ‘usul ¥)
JaYloN+
s1aybneg+ sasnods + uos - 6

(USWOM €| ‘UBW 1)
uaJpliyD + sasnods - /|

(UBWOM €| ‘UaW 71)
93N + ME[-UI-UOS + SIay10ig
+ siaybneq + sesnods — 6z

pue|bu3

epeued)

KemlIoN

pue|bug

vsn

puepodS

Auewan

pue spuepayIaN

KemioN

Auewian

puejul

910z
[69] '|e 12 7 uoImaN

910C
[89] '[e 39 V¥ YIr01061D)

910¢
[8¥] '[e 19 D UdZIUIY

Sloc
[0L] e 39 © UosqIH

510z
[£9] "[e 33 V¥ UiRIsIng

¥10C
[99] "2 38 H SuIN

¥10C
[59] e 39 4 puejaN

710¢
[¥9] e 39 Y Yousr

¥10C
[€9] ‘[e 32 YN [[P3seH

€10¢
[£¥] '8 33 W USuONily

14

174

[44

0¢

6l

8l

Ll

Sl

(PanUUOD) SIIPNIS PIPN|PUL JO SIISHIRIRYD | djqel



Page 8 of 25

160

(2019) 19

Sriram et al. BMC Geriatrics

SIA = DU[RPULONSIND
ABojouyda] ARSISSY
UM UoNDesIes Jo
ollen|eAd Jasn 23GaND
'SOA = MaIAIRIU|
usping ez 9
ON=6-1

ON

S2INSeAW P3jepI|eA

SUOIRAIDSCO UO paseq
suonoa|al Juedidiuied

Abojouydal
Jo uonenjeas
[euosiad uo suoday

suonodapel wedpieyd

saauUbIA
Uo UoISSNISIp pue
suonoa|al edpiued

suonoaal uedpiued

UOI1BSISAUOD
JO surewop pue Yibua]

obeuew 0} SWSIUBYIDN 'S
dwioy

WoJj SUXS papuanieun 4
‘saunfur swWmyBIN ¢
‘SWN

93U} UM UONDRJSIIES 7
“A)IGe121 WR1SAS “|

(Inydjoy Ason

= ¢ ‘Inyd|ay 1eyMmawos

= jnydjay Jou = 1)
Inydidy Yd1ym 01 1UX3 7
“(0u/saA) DIAIP JO 3N °|

SaINSeaN

Selauled
QoM pue siayeads

‘U912 017 ‘ssuoydoiiw
J9indwiod jeuosiad

- P3 - 1040J SAISISSY

sejawed ‘sabessaw
papiodal pasijeuosiad
'SI0SUSS UonOW
Bupyjey ‘sioyuow Ageg

[ulydew

994J0D 0} PAIISUUOD XOq
abessaw 420> Alowaw
‘uleje yum Jasusdsip
auDIpaW ‘Yd1em

1SUM DUyl ‘|01uod
910Wal Y1IM Jepusjed
|eubip ‘suoyd ajiqow
a|dwis ‘101e30] 199[q0
¥20| J100P DIU0IIR|T ‘AL
01 |0J1u0D 210wl 3|dwis
‘Jepua|ed dj1euwlolne

'SdD ‘sulydeul aa)jod

01 JawWn Iawin 9A01S

SI0SUSS |qeIeS

lepusjed

J91ndwiod 19|ge |

siasuadsip |jid

‘sain1oid yum ssuoydajay
payijdwis ‘uoneiuslo
ple 01 4202 5|00}
9DUDSIUIWRI ‘SbeubIS
‘sadIA9p BuLioUOW

wa1sAS buponuop 1ybIN

siapuly

Wwiall 350| 's1010332p
UOIIOW ‘SeIaUIED 0IPIA
‘s1asuadsip uonedIpsiy

ABojoUYD3| ANSISSY

sisjeue dneuway |

pauodal 10N

Buidod jo Abojowsisidy

pauodal 10N

sisAleuy
|ed1bojousWoUaYd
EINEECIENT]]

UOoIDRISIUI Ul-e ]

Apnis 10p1d pasiw
-opuey sainseaw paread
-91 1591 1504-1591 3id

|ely
pa|j0aU0d pasiwopuey

ubisag Apnis

SMIIAIDIU]
PaIN1oNIIS-IWSS

smalnal Bojq pue jiews

SMaIAIIU|

dnoib sndxo4

sdnoib
SNJ04 pue SMIIAIU|

UOIeAIDSqO
pue Buip10da1 03PIA

98-8¢

6/-€S

obuel 26y

8/-9¢

panodal 10N

6861

G9 uey} 121210

98

panodal 10N

dnoib yoea ul 0| =sinodoig
‘(UsWom €7/61 ‘UsW //)
Js1ybneppuein

+ U0S + Jaybneqg + sasnods
— [jonuod/jeruswiuadxl] £z/9¢

pauodai 1ou synodoig

(dnoub jeruswiadxgy

— USWOM QG ‘U €1)

SIBYIO + asnods

- [lonuody/eiuswiiadxd] €£//€9

syuedidued

(uswiom 9 ‘usul )

s12ybneq + uos + sasnods — 0|

(pauiodal 10U JapuaD)
S1248D JYI0 + SUOS - /

(UdWIOM 9 ‘UdW /)
uos + JaYl1op
+ J121ybneq + sssnods - €|

(pauodal 10U J9pULD)
¥

(uswom 9)
Mel-Ul-121ybned+
sasnods+ sim1ybneq - 9

(epW 1)
asnods — |

vsn

vsn

Aiunod

epeue)

pue|bu3

KemioN

pue|bu3

pue|bu3

Uspams

600C
[9€] "2 39 VN emoy

010z
[G€] 12 39 N7 uIpo

a1eQ
sioyiny

43

3

ON

SaIPNIS SAREIUBND

£10C
[16] e 32 HY Buem

£10C
[2£] e 39 ¥ ZU3I0T

L10C
[05] "2 38 L =yioH

1102
[1£] e 33 7 uesseH

£10¢
[ev] e 19 N sueA3

£10C
[0£] 219 ¥ wonsyg

0¢

6¢

8¢

a4

9

SC

(PanUUOD) SIIPNIS PIPN|PUL JO SIISHIRIRYD | djqel



Page 9 of 25

160

(2019) 19

Sriram et al. BMC Geriatrics

SOA=6
ON = b-1

ON

paysyand =
'ON=¢-1

syuaned

0i1s 104 paysiignd = 1
ON=¢-1

S92A0

3em-das|s Jo sisAjeuy ¢
3leds

jujod-g 2ARd3[gNS 7
'91eds adAy

-y uiod-01) Apnis
SIY1 10J patessusy) “|

21025 buleq|lem 1a1e) g

‘pusLy e
0] 9IA9P PUSWIWIOIDY "¢
"UONDBJSIIES JO S|AST T
'SSauINgasn L

suonsanb MaIAIIUI 1IXT '€
196pnq

QWi 9AIDadsS0RY T
‘Buiaibaed ul uoddns
dAISS2IdXD 'PROISIAO

"J19s Jo sso| ‘Auanded

3]0 ‘9dus1edwod
‘uonebiiqo Ajiwe |

9[PS 9JeD [BWIOJUI WOI)
aInssald pandIad-j|es
‘9916esIp ‘|enau ‘aalby
Buisn Aijigeredandy ¢
-2.besIp

pue 2a.16e waalbesip
A|[e101 ‘93168 A||e10}

WIOJ} 9DIASP BY} JO 3N

10 suonsanb painpNis ¢
01031

woJ1) IASP JO uoissaudull
[_COID |[RJ2N0 "|

(UYO 17 0} ||e 3e Jou |)
3|eds UapIng Janibaie)
‘(poob

Alawaixa 01 |[e 1e Buleq
-|l9Mm 10U Q1 -0) sasnods
10} BUISQ-|[oMm [eJauD) ‘¢
‘(PaLIOM

Aj9W11x3 O} || 18 Palliom
10U OL—1) SoIIANDE
Joopino 1uspuadapul
S,amd buiuiaduod

Kilom sasnods 7
‘S9IIANDE

JoopIno Juspuadapul
Yum skep Jo abeuaniad |

Aydeibnoe ¢

Kielp daajs 'z

Auanoe swin ybiu

1noge ssaisip Janibased |

KI01USAU|
ouielydAsdoinau oy
IMIAISIU| USpINg 11eZ

JO UOISIaA Loys Bulpnpul
sa|qelieA auljaseg 9
“Auande swnybiu

Japulwal audIpaW
‘suoydalel aindid
10120] 'JONUOW JSY400D
seo) ‘dwe Jepusjed

suoyd |90 ‘s105uas
pue selowed (ooquey)
W2154s 1uswabeuew
awioy uews

221A9p BupPRIl 4O

ulie]y BUIUORISO dAISsed

w1sAS bupoyuop 1ybIN

KaAINS 12y pue a10jog

M3IAISIUL
1IX pue AsAIng

[el] 1591 1504-1591 91

(caev1gLy)
sa1pnis ased 9|buls
|eIUBWILISAXT - 931y

[eLL [e2IUID P3jjon
-U0D) 1591 1504-1591 ald

pauodal 10N

(8-9¢

€9<

/=L

98-8¢

[t =19[dwodu]
(pauodal Jou JapusD)
yaqh

‘9 = 919|dwodu|
‘(UBWIOM || ‘U @)
903N 1839 + SIS

+ 123yBneq + uos + sasnods - 6|

G = 219|dwodu|
(UswIopN 9T USN 7)
uaJp|Iyd + sasnods -g¢

(uswiom ¢)
sasnods — ¢

dnoib yoes ul ¢ = sinodoig
“(USWOM 7Z/81 USN €/9)

SUOS + si21ybneq + sasnods

- [jonuod/eruswsnadxd] /7/9¢

KemlioN
elueny ‘puejuly
‘pue|bul ‘pueay|

vsn

NENENEN

uspams

vsn

£00C
[S]7e®dHna L&

00T
[8€] e 19 W [ ASuuy 9

cloc
[PZ1 P18 WY 104 S€

Sloc
[€/]7e 18 V UOSS|O ¥E

0l0z
[£€) e 12 VN amOy €€

(PanUUOD) SIIPNIS PIPN|PUL JO SIISHIRIRYD | djqel



Page 10 of 25

160

(2019) 19

Sriram et al. BMC Geriatrics

due|IbIA JanIbase) 7
SOA  '9|BDS JUDWISSISSE A19Jes ||

"9DIAIP DY) JO $SAUINJASN
uo saAndadsiad sJa1ed) ¢
‘Apuspuadapul

21A9p buisn gmd 7
‘Abojouyday jJo asn

ON  Jo @duauadxa snoinaid ‘|

(eoueoyiubis

3|qissod 15218216

JO =g 'aduedYIUbIS

OU JO = |) {UOUSAIRIUI

241 Jo aduedYIUBIS

9y} anjeA NoA Oop MOH '€

(4D0Od)

Juswinasul ssedoud

ON=¢ uonell|igeysy pue aled

‘Apnis siy1 Joj  uo aAndadsiad Jusned ¢
payipow ing paysiignd ‘(xapul 3d0D) adoin3 ul
=z 'paysignd =  a|doad 1ap|O JO SiaieD |

“UOIRIIPISUOD
aseypund jo asuenodul 9
uoleuLIou!

au1 Jo aduenodul| °g

"SODIAIP

Bupas 150| Ul syne4

'sadInap Bupjeas

150] U| SUOIdUNS °¢

“INOIABYSQ BuLspuep) T

‘pasn

ON S9IASP BUa3s 1507 |

9|eds Abojouyda |

SAISISSY UM UOIIDBJSIIeS
JO UoleN|eAT J3SN 29GaND
wioyj pardepe swa)| XIS '€
"9]eds

117 WI0d~ - ISP SO
Jo 3sn Bulpsebas suolsidp
eW PINOYSs OYp 7
‘9a16e yonw A1an 01

|[e 1€ 92168 10U Op WOl
9leds 1y Julod- uo
SWIY L€ - aJleuuonsanb
Buppes) JuodR

ON JO 9sn spiemol o9pnily |

2105 1Je7 IulW, papnpuj
‘(Yanwi AIan ‘Ajpressapow

‘S| ||e 1e Jou) “woddns

pue LOYS [eDIUIOU0DT D
‘sa1bojouydal dynads uo
syujodmaln pue sonoeid

pue s||ys 1UaLND g
‘uoljewojul [esauab e

SUOIIDS

ON  93JY} Ul aJ[lPUUOASIND '|

SSOUIM ‘Wiieje 310Ul

YUM JOSUas UONON Aanins Jo}je pue a10jog

Aanins
pedi  J1aye pue Buunp ‘210499

slanIwisues Aousbiaws
pue suliee ‘suiiee J0op

‘souoydajal asn-01-Ase Aanng
SdD 21093 ASmnng
2dIAap Buppdell 54O ASnng

BupuaIRUOd

O3PIA 248D 10G0I ‘BDIAIP
Buppde.l ‘eduelIBAINS
03PIA ‘UONRIYNUSPI

||eD |eJo osuss |jej -

sa160j0UYD] WOy Lews Aanins aidwes 191sn|D

panodal 10N

G8-1E

LL-9Y

98-8C

pauodal 10N

86—1S

(uswiom €G ‘uswi /)
09

¢ =smnodoig
(uswiom |z ‘uswi ¢€)
puaiy + Ajweq - vz

(UaWoMm |€ ‘uaw 91)
uaIp|IyD + sasnods — /4

(uswiom ¢ ‘uew |)
sasnodg - €

(USWOM €6 ‘UsWl 91)
SIqWIAW Ajlwe} JaYI0 +
siaybneq + suos + sasnods — 69

08 = 219/ dwodu|

(UWOM |8 ‘UdW 68)
1BYIO + SaAne|RY

+ sbulqis + sasnods — 0s¢

vsn

eljensny

uspams

uemie|

|9eIS| pue AuBULISD

aduel

€10c
[18] e 18 g SIZUSMPN €

€10¢
[0gl e S W v

€10¢
el e UMy 1Y

cloc
(811 D-AUSYD  OF

600C
[£7] 71238 4 nepue - 6¢

800¢
921 e A9l 8E

(PanUUOD) SIIPNIS PIPN|PUL JO SIISHIRIRYD | djqel



Page 11 of 25

160

(2019) 19

Sriram et al. BMC Geriatrics

ON

ON=¢
SOA= |

paysiiand = ¢
ON=1C1l

S3INSEIW PaIepI|eA

ON=v'€
oA=L
oN

oN

oN

s12Jed Yum 1oedwil pue
ayeidn uo smainRIul 7
“U9R125 YdN0) dY1 Uo
passaid suonng pue sydId
Jo Jaquinu - sajly 6o |

J218d 3Y3 Jo
70D Uo 1uswabpn( |je1sno
Buipiebas uonsanb suQ 7
“911euuonsaND
9oualdwod)

JO 35US UOYS |

Ell:alN
SS211S 9ANRIBY S,2UaID) ‘¢
91 Jo Aujenb

pue sadIAIas JO 9N ¢
Jusaudleall

pue 24D J0J PasU BY] |

SaINSeaN

(pauysnes Aion

=1 O} palsnies |je 1e Jou
=) adf0101d ay1 yum
219M A3U) palsiies MoH v
‘Aleip 19sn ¢

3leds

AoBDIYJa-4|3S [BIDUSD) 7
“MIIAIDIUL USPING JeZ “|

uonoeIl
j0qol-urWINY 7
*95ueIdedDe [BPOS |

‘(usping

2I9A35 0} desapow

= uspIng plw = ¢
‘usping a1 = Z ‘usping
Ou = |) usping Jased °|

*9leds Julod-0|— sapnime
AbBojouyoay [esausn ‘|

KI01USAUI

s19plosiq das|s ¢
"3]BS PUIN JO 2283 °€
'9Jeds

ul 9l Aoy

abe|IA 931 pue epusWSP
UO UOI1RULIOJUI 'S3IAOW
pue disn|y ‘Aeid 01
saweb Alowsw 15e1u0d
oapIn Kem-omy ‘Alelp ‘Aep
a3 104 epuaby - Ad ¥1vd

S101en1oe ‘sJ0suas poseq
aWOY ‘91Asp 3|Iqow
‘Us212sYyonol - (NdD)

101ebiAeN Aed MONYMOOD

Jepusjed Aeg pue 1ybIN

ABOJOUYDD| ARSISSY

SdD Yim
wia1sAs Bunedo| a|Iqop

Siuelsisse 2110qoy

Jasuadsig
UONRDIP3N D11eWoINY

!SI0SUDS WIISAS
asuodsal Aousbiawy

13Je 1019319p
191eM ‘SUJe MOPUIM
‘20| A2y pedyonoy
“Josuas Adouednddo paq
‘salbojouyda) bunedo)
"19s1uebio UoIedIPaW
‘WisAs ANdas

SUIOY SS9|RIIM ‘Udiefe
abuels Ayuwixoid ‘UOISIA
1yb1u Aeidsip eISAID pinbi
playpuey Yim eiauied

SM3IAIIU| T

'9SN WIASAS Jo 3|y HOT *|

SUOIeAISSTO ¥
‘Areid ¢
‘SMalAI1UL
pain1dnis-IWas ¢
S3J[PUUONSAND
1591 150d-1s91 9l

SMIIAIIU| 7
alleuuonsanb
2JeD JO UapIng °|

ubisag Apnis

A3MINS Ja1je pue 210j9g

AonIng

Aanng

AdAINg

6/-5¢

6/-¢€C

¥8-6C

abuel aby

8-y

pauodal 10N

G9-CS

79-81

(uswiom Q| ‘uswi 9)
siaybneq + suos + sasnods - 91

(Uswiom 9| ‘usaw G7)
ualp|Iiyd + sasnods — |1

Gz = 919|dwodu|

(USWIOM |7 ‘UBW 1)
‘SpUSL4 + UaIp|iydpuelo
+ UaIp|lyD + sesnods - 05

siuedidied

| =1nodoiqg
(Uswiom g ‘usawi Q1)
si21ybnep + sesnods — g1

| = a19|dwodul
(USWOM ¥ ‘UsW 97)
-18

(powuodal 10U JSpULD)
Me|-ul-121ybneg
+ J21ybneq + asnods - ¢

G/ =919|dwodu|

(uswiom |97 ‘usw |G7)

SPUSL + SIaqUIU Ajlwe) JdYIQ +
s12ybneqg+ suos + sasnods - 716

| = a19|dwodul

HeNENEMEN

uapams
puejaJ|
HNIEMEIN,

puejui4
wopbury pauun
puejal|

KemioN
ejuenyr

Aluno)

Auewian

ureds puejod

uedef

vsn

£10C
[£81 1233 N JOYIN 05

cloc
[98] 'le 3° 4 puelIBN 61

£00T
[58] je1@ dodol 8
Eillg]
sioyiny ON

SAIPNIS SPOLIB PAXIN

£10T
[¥8] e 32 H sabbapy /1

£10C
[€8] e 39 V INYIOY 9

£107
[c8] L einuiwey g

9lLoc¢
l6€] R 1R Y ZNYS v

(PanUUOD) SIIPNIS PIPN|PUL JO SIISHIRIRYD | djqel



Page 12 of 25

160

(2019) 19

Sriram et al. BMC Geriatrics

SM3IAISIUI
painionas-lwes ¢

2leds (av

SisAleue deway]  -100) aseasiqg S Pauwliayz|y
SoA -9y 4o Auenp 'L

'sdnoib snoo4

'€ '3[e35 usping ez ¢

‘2a1be A|buois

=G 0} 2a1bes|p A|buons

ON =| - 2JlPUUONSAND ‘|

USERITERTEN

Buiaibaled 1oy 3ed5 pasiA

-3J - AoedI}ya-4|9s JaAIbaIeD)

"7 "M3IAIRIU| UspIng

SOA 7 - udping Janibase) *|

‘2Jleuuonsanb
95uU19dWod Jo
S9A=7 95U UOYS ‘7 "SSaUI|PUDL}

ON= | -J9SN pue Ssaulnyes ‘|
‘SINOIARYSQ

Ayijeay pue a1ed-j|ss 9

‘2INseaw

ssal1s pue Buiaibaie) '

‘ujeuad

AKIBA=(Q| O} Uleuad ||e

1e 10U = | - 9|ds Adedlyd

-J|9S JoAIbaIRD Ajlweq t

‘palysiies

KI9A = | | O paysnessip

KIoA = | - suonsanb

uonoejsies ajil ‘¢

‘wall duo-uonsanb

yieay [esauan ¢

BWR AY) Jo |le=g

01 SWi 9y} JO suUoU = | —
ssansip [ed1bojoydAsd

SIA JO 2INSeaW (|-43[SSY "L

suonsanb maneIl| 7
'ssaulngasn pue
oN asn Uo alleuuonsany ‘|

J2indwod 19|ge |

Sd9

Buppely ‘swi pue
91ep 1Ua4INd ‘Aep ay) Joy
SI9pulWal Usa1dsydnol -

W1SAS UOINUDBOD PaisIssy

WI1SAS 9dUEB||IDAINS
SNOWOUOINE papuaieun
+ WR3SAS UoNdARQg
Ales ay| + JolebineN
Keq Apap|3 :wa1sAs
£11950Y paielbaiu|

1akeld €4

SI9PUIWI ¥sey
puUe SUIP3 ‘SISIDIDXS
uopnenwias aARIubod
‘sapuablawa bupdslep
‘BUIDUSISUOD03PIA
'SI0SUDS - UIDISAS 91ed9fa]

SMBIAIRIUI
PaINIdNIS-IUWBS 7
‘alleuuonsanD

‘saInsesw pajead

-2J [eyusWILRdXa-ISeND) “|

sdnoib
SN204 ‘gsaileuuonsanb
159) 1504-159) ld ‘|

SMIIAIRIUL '€
‘Areig 'z
SaJleuuonssn |

sdnolg) sndo4 'z
‘(Kuewlsan) |eu ]
pa]|01IU0D) pasiuopuey
“(wnib|ag ‘spueiayIaN)
sdnoib paydrew

yum ubissp dnoib o
-U0D 153) 1504-1591 2id °|

‘smalnRUl duoyd
P3JNIONAS-IWSS "€
‘Aeig 'z

2lieuuonsanb 1odal
-J|9S 1591 150d-1591 9id 'L

“SMIIAIRIUL
PRINIDNIS-IWSS 7
Aonng °|

(Uswiom Q| ‘usw )
LL-8Y cl

(Uswom G¢ ‘uawl | [)
Me|-ul-191ybneg
/-1y 4 pusl4 + ualp|iyD + s9snods - of

(uswom ¢)
99-¢¥ J21ybneq + sasnods - ¢

6/6 = sxnodoiq

(uswiom g/Q| ‘uaw 9//)

JBY10 + ualpiyD + sasnods

G8-6C — [jonuoD/jeyuswauadx3] G1//1

g = 919|dwiodu|
‘(UswoM G€ usw 91)
0/-0¢ SI9YIQ + sasnods — 66

(Uswiom Qg ‘uaw Q1)
YL uaIp|IyD + sasnods - og

pue|bu3

epeued)

ODIXaN

wnibjag
spuepiayaN
Auewan

eljenisny

aduel

£10T
[ev] "o 39 D opehL

£10T
[ce] e 1@ 1NN

910¢
[16] |2 19 4 Y OlieAeN

910¢
[06] ‘|2 33 [ g juimeH

SloC
[68] "2 38 A smeT]

107
[88] '[e 19 S UeIqRIRIN

9S

SS

S

€S

&

LS

(PanUUOD) SIIPNIS PIPN|PUL JO SDIISHIRIRYD | djqel



Sriram et al. BMC Geriatrics (2019) 19:160

and summarised the data for the results. MP and C]J
reviewed and highlighted outstanding issues and final
themes were subsequently arrived at through discus-
sions. As this is an aggregative synthesis, we maintained
reflexivity throughout the review process through dis-
cussions and reflections on extracted data and coding.

Question 1: identify the types and uses of AT in dementia
To date, there appears to be no agreed way of classifying
AT available for use by people with dementia, and we
have classified them by their use as part of this review.
A list of AT described in the included studies (Table 2)
was created with uses of the AT classified based on work
developed by AT dementia [99] and Lorentz et al. [72].
From the included studies, AT is a mixture of active (re-
quires action or interaction from the part of the person
living with dementia or carer) and passive devices. Some
devices had multiple uses e.g. the electronic medication
reminders acted both to orient the person with dementia
to time when they needed to take their medication as
well as acting as a safety device to ensure they took im-
portant medication on time. 64 of the AT products de-
scribed in the studies were commercially available with
10 studies describing AT that were research prototypes.
The most commonly used AT was for safety and se-
curity (n =38) including tracking devices and home
safety devices. Followed by devices used for supporting
memory and orientation for the person living with de-
mentia (n =23) and for social interaction and leisure ac-
tivities (n = 16). In this review, very few studies (n =3)
considered AT which supported basic Activities of Daily
Living activities such as feeding, washing, grooming or
dressing. The AT used (including some research proto-
types) are adapted from aids/devices that many people,
with and without cognitive impairment, already use.
None of the AT were for advanced instrumental Activ-
ities of Daily Living, such as managing finances, shop-
ping or preparing meals and none of the AT addressed
behavioural issues such as aggression or disinhibition,
which is quite common in someone who has dementia.

Question 2: describe the effectiveness of AT for carers

The included studies reported on a wide range of carer-
oriented measures (Zarit Burden interview, satisfaction
with AT, carer well-being score), many of which were
created for a specific study. A list of outcome measures
used is presented in Additional file 3. Not all included
studies reported on the effectiveness of AT for carers
and due to the wide range of outcome measures and
uses of AT, a descriptive summary of reported changes is
provided (Table 3). From the 16 quantitative studies (17
publications), AT were reported as ‘somewhat’ or ‘very
useful’ and AT is viewed as an adjunct to caregiving.
There were no significant changes in carer reported
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well-being or burden. Surprisingly none of the studies
considered or reported adverse events from AT use.
Generally, carers reported they would recommend use
of AT to others in similar situations, especially AT that
supported safety and security for people with dementia.
Where this was specifically asked, carers reported want-
ing to continue to use the AT, after the trial period. AT
devices for safety, including tracking devices were the
most used and appreciated by carers.

Question 3: describe carers' experiences of AT use in
dementia

Thematic synthesis from the qualitative data generated 4
themes and 15 sub-themes. Quotations from studies to
support themes and sub-themes are listed in Table 4.

Positive aspects
All the studies reported that the experience of cares
using AT was generally positive.

Relationships The use of AT for leisure and social inter-
action, memory support; orientation; safety and security
seemed to help strengthen relationships between the
person living with dementia and their carers. The AT
was perceived as helping the carer function better in
their caregiving role and became a ‘member’ of the wider
social network of the person with dementia. For ex-
ample, the use of a picture button telephone assisted a
person with dementia in longer instances of interaction
and maintaining social contacts with neighbours, friends
and family.

Freedom and autonomy Some of the studies reported
carers having to use controlling methods such as locking
and restricting access and the AT seemed to offer an al-
ternative solution of enabling the person living with de-
mentia to become independent and participate in
meaningful activities. This in turn had a positive effect
on the carers. The AT also provided carers with add-
itional personal time which was highly valued and, in
many instances, helped create the balance between their
own personal space and independence with that of stay-
ing connected with the person with dementia.

Safety Carers viewed someone who has dementia’s abil-
ity to stay in the community and their physical safety as
more important than privacy and autonomy. Tracking
devices that supported safety were enthusiastically re-
ceived and AT provided carer reassurance and enhanced
independence for both the carer and the person with
dementia.

Quality of life Whether the person living with dementia
used the AT independently or the carer assisted them,
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Table 2 Types and uses of Assistive Technology

Main Use Type of Assistive Technology Product Availability

Basic Activities of Daily Living Assistive robot — ‘Ed" - personal computer; microphones, LCD screen, speakers and Research prototype
web cameras [51]; Robotic assistants [76, 83]

Leisure and social interaction  Special remote control [58]/ Simple remote control to TV [48, 50, 64] Commercial Product

Wearable sensors [71] Commercial Product

Robotic Therapy ‘seal’ [67] Commercial Product

Talking cazette/magazine [58] Commercial Product

Telephones: Commercial Product
Picture button telephone [46, 58, 75]/ Simple mobile phone [10, 48, 50, 691/ Photo

memory telephone [47]/Easy to use telephone [79]

Tablet computer [42, 70, 80] /MP3 player [89] Commercial Product

Memory support Memory aid [58, 88]/Memory games [87)/Information on village they live in [87)/

Cognitive stimulation exercises [88]

Research prototype

Memory Message [48, 57] Commercial Product

Timer to coffee machine [48, 50] Research prototype

Locators: Commercial Product
Object locator [50]/ Lost item locator [35, 46, 75]/Locating technologies [81]

Memory support and Commercial Product

Orientation

Forget-Me-Not Calendar [57]

Message box connected to coffee machine [50] Research prototype

Information retrieval system [63] Commercial Product

Reminiscence tools [10, 69] Research prototype

Clocks and calendars: Commercial Product
Electronic orientation clocks [10, 69)/ Night and Day Calendar [46, 48, 57, 75, 85)/
automatic day and date calendar [48]/automatic calendar [49, 50]/ Digital calendar

with remote control [50]/ Memory clock [48, 501/

Memory support; Orientation; MeDose watch [57] Commercial Product

Safety and security Integrated Rosetta system: Elderly Day Navigator + The early Detection System +

Unattended autonomous surveillance system [90]

Research Prototype

Assisted cognition system - touchscreen reminders for the day, current date and
time, tracking [91]

Research Prototype

Smart home management system (Xanboo) [38]/Smart home technologies [76] Commercial Product

Personalised recorded messages [72] Commercial Product

Orientation; Safety and Medicine reminders: Commercial Product
security Electronic medication reminder [46, 47, 75, 88]; electronic pill dispensers [10, 35,

59, 69, 82]/ Medicine dispenser with alarm [48, 50]/Medication organiser [81]

Safety and security

COGKNOW day navigator - sensors and sensor network [65, 86]
Talking motion sensors [72]

Passive positioning alarm package [62, 73]

Safety alarm [58]

Bed alarm [58]/Bed occupancy sensor [81]

Door alarm [58, 79]

Sensors:
Passage sensor [58]/Sensors [38, 39, 48, 63, 88]/Movement detectors [41, 471/
Movement sensors [35, 81]/Proximity alarms [81]/Fall sensor [76]

Global Positioning Systems:

Electronic tracking device [58]/ GPS [50, 59, 78, 92]/ GPS Location monitoring
devices [10, 66, 69, 84]/Tracking devices [41, 48, 76]/GPS Tracking system [52,
54-56, 67, 74, 77]

Stove timer [50, 53]/ Cooker alarm [48]/Gas cooker device [46, 75]/ Automatic
gas switch off devices [41]/Cooker monitors [58]

Electronic door lock [48, 50]/Touchpad key locks [81]

Research prototype
Commercial Product
Commercial Product
Commercial Product
Commercial Product
Commercial Product

Commercial Product

Commercial Product/Research

prototype

Commercial Product

Commercial Product
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Table 2 Types and uses of Assistive Technology (Continued)
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Main Use Type of Assistive Technology

Product Availability

Talking wrist watch [48, 50]

ADLife - gateway with alarm button, sensors [61]

In-home night time monitoring system [36, 37, 40]

Automatic night lamp [46, 75]

Automatic water switch off devices [41]/Water detector alerts [81]

Baby monitors [68, 72]

Health monitoring system [67]

Emergency response system [39, 88]/Emergency transmitters [79]

Safety and security, Social
interaction

surveillance [76]

Skype (on computer/tablet PC) [68]; Social contact system [67]
NOCTURNAL - Sensors, communication devices, tablet PC [60]
Cameras [35, 41,47, 68, 72, 811/ Video communication system [63, 76, 87, 88]/Video

Commercial Product
Research prototype
Research prototype
Commercial Product
Commercial Product
Commercial Product
Commercial Product
Commercial Product
Commercial Product
Research prototype

Commercial Product

AT was perceived as removing worries and burden
and generally improved mental well-being, especially
when the carer was living away from the person with
dementia.

Competence AT was perceived as improving independ-
ence for someone who has dementia, this had a positive
effect on the carer, with some carers also reporting bene-
fitting from using the AT themselves, such as the simple
remote control for TV and memory aids.

Negative aspects

While the overall experience of AT use was perceived as
positive by carers, some important negative aspects were
also raised.

Relationships When AT failed or the person living with
dementia was no longer able to use the AT, this invari-
ably caused constraints in the relationship, as an out-
come of the presence of the AT. Some carers also
perceived that the AT would replace the ‘person’ compo-
nent of caring.

Freedom and autonomy There were perceptions that
the person living with dementia’s declining abilities
could be further worsened using AT as they would no
longer be actively challenged cognitively. Carers also be-
lieved that with the people with dementia who did not
have adequate social care could be left alone with the
technology without additional support for autonomy or
social contact.

Competence Carers seemed to be more willing to use
AT in the future rather than currently. Elderly carers
also worried about their competence and familiarity with
AT, especially when there were technical failings with

the AT or when the devices required to be replaced with
new AT, as the illness progressed.

Quality of life Occasionally, the use of AT seemed to
create more dependence of the person with dementia on
the carer, which led to increased stress for the carer, and
the attitude of the person living with dementia towards
the AT (from hostility to indifference) also led to add-
itional carer burden, while choosing and using the AT.

Use of the AT

Ethical issues Carers weighed the needs of personal re-
assurance and sense of security with that of autonomy of
someone who has dementia while deciding on use of
AT. Often there was no perceived ethical dilemma where
the safety of the person with dementia was concerned.
There was a consensus among carers that people with
dementia must be involved as much as possible to select
and use AT. Ethical issues around who held the power
of choice of usage and discontinuance of AT and
whether the needs of the person living with dementia
were altered to match the potential of the currently
available AT also seem to arise from the studies with no
definitive conclusions.

Help and support from carers Carers continuous en-
gagement and willingness to provide support with the
use of AT for the person with dementia was key in the
use of AT in most of the studies. The carers’ attitude,
commitment and willingness to learn about the AT were
vital if the equipment was to be useful and functional.

Raising issues of using AT Carers used different
methods to convince people with dementia to accept
and use AT, especially when the person living with de-
mentia was hostile towards or did not understand the
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Table 3 Reported changes in informal carers
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Studies

Positive change

Negative change

No change

Statistically significant
change

Gitlin LN et al. [35]

Rowe MA et al. [36]

Rowe MA et al. [37]

Olsson A et al. [73]

Pot AM et al. [74]

Kinney JM et al. [38]

Duff P et al. [75]
2007

Rialle V et al. [76]

Landau R et al. [77]

Chen Y-C et al. [78]

Alwin J et al. [79]

Overall somewhat to very
helpful.

« Experimental group 85%
less likely to sustain an
event.

- Caregivers reported
satisfaction and confidence
in preventing night time
injuries and exit using the
NMS.

« Decreased level of worry
about PwD’s independent
outdoor activities.

« Decrease in the feelings of
worry when they could
reach PwD.

+ 30% of carers reported
they got time for other
things since using the GPS.

« 87.5% of carers reported
that the monitoring system
made life easier (peace of
mind, added security,
easier to keep track of
PwD).

« 68.75% report that the
system gave carers more
free time and more time
for self.

- Carer burden decreased
very slightly during the
course of the trial.

+ 100% of carers using

picture telephone and

cooker monitor reported
satisfaction.

Over 75% of carers

reported satisfaction with

other AT used in the trial.

.

- Tracking devices were
better appreciated by
women.

- Younger caregivers found
AT more useful than
elderly.

+ GPS device used for sake
of patients’ safety or for
carers’ peace of mind.

« Most caregivers hope
technological products
(lost seeking devices)
would increase the
efficiency and safety

« 43.75% of carers report

that the system made life
more difficult (cell phone
alerts can be annoying;
one more thing to worry
about)

+ No significant
improvement in sleep for
caregivers.

+ NMS not sufficient as
standalone treatment.

« No significant changes in
perceived well-being and
burden.

- Feelings of role-overload
were not significantly re-
duced during the study
period.

« AT for time orientation, day
planning and memory
devices were more
frequently associated with

- Carers receiving alarm/
security devices reported
high fulfilment and
importance.
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Table 3 Reported changes in informal carers (Continued)

Studies Positive change Negative change No change Statistically significant
change

group of carers who
reported some/no
significant fulfilment and

importance.

Lim F S et al. [80] + 47.63% of carers reported

AT (iPad) was helpful
McKenzie B et al. [81] « AT devices provided

immediate relief, reduce

stress and helped carers

provide care more easily

and safely.

Schulz R et al. [39] - Caregivers balance costs
against potential benefits
such as improved
functioning, increased
autonomy, reduced
burden, better health and
enhanced safety.

Kamimura T [82] « Three caregivers

maintained score of little
burden or less and one

caregiver had a score of
mild burden throughout.

Korchut A et al. [83] - Reminders for medication
was a high priority.
- Carers viewed robotic
technology positively.

Topo P et al. [85]  « 78% of carers found the
2007 night and day calendar
useful 3 weeks after use
and 82% after 6 months of
use.

Meiland F et al. [86] - No effect on burden or
2012 quality of life of the carers.

Nijhof N et al. [87] - The cost analysis showed
2013 that it is more cost-
effective for clients with
dementia to live at home
with the system [PAL4-de-
mentia system] than to
stay in a nursing home.

Mehrabian S et al. [88] - 83% of carers felt the
2015 system [telecare prototypel]
had potential for helping
in urgent situations.
- 70% of carers felt that they
would be ready and accept
testing the system at

home.
Lewis Vet al. [89] - 65% of carers comments - No change in self-rated - Significant increase in the
2015 were positive with respect general health. total Symptom
to utility of the MP3 player. + No change in overall level Management Self-Efficacy

of satisfaction score (a measure how
confident the caregiver is
that they will be able to
manage problems that
come up and deal with
the frustrations of caring).
Mean at baseline was 23.5
(SD=6.1) and 27.0 after 4
weeks (SD=75) (t =-3.1,
df=47, p <0.01).
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Table 3 Reported changes in informal carers (Continued)
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Studies Positive change

Negative change

No change Statistically significant

change

Hattink B J et al. [90]
2016

« All informal carers felt the
system [Rosetta] despite
technical difficulties, is very
useful and that they were
happy with it.

Navarro R F et al. [91] - Caregiver burden levels

- No significant differences
on quality of life, perceived
autonomy and feeling of
competence between
participants who used the
Rosetta system and those
who received usual care
(the control group).

2016 show a decreasing trend,
while levels of self-efficacy
in caregivers increased by
using the ambient assisted
intervention system.
Liu L et al. [92] - Some problems relate to
2017 false alarms and

notifications.

Tyack C et al. [42]
2017

« No significant change of
quality of life or well-being
across the intervention
[tablet computer].

need to use the AT. Carers especially had difficulty con-
vincing someone who has dementia where monitoring
and safety devices were to be used compared to using
AT for leisure and social interaction.

Acceptance and knowledge of AT

Costs and resource Carers noted that AT was generally
expensive, however most of the studies included in this
review either provided the technology to the participants
or participants did not mind spending the extra costs for
AT that could support the person with dementia to stay
for longer, in their own home.

Acceptance of AT Many of the carers accepted AT as
useful and their adoption depended on the perceived
usefulness of the AT. They would also recommend its
use to other carers and people with dementia. Carers
also saw technological innovations as inevitable and ex-
pected the use of AT to increase and future generations
of carers would have better skills and motivation to
adopt them.

Knowledge of technology There was a general feeling
among carers that information regarding AT should be
provided early in the process of diagnosis and support
available to the person living with dementia, especially
as the progress of dementia was unpredictable. The main
need of information was on simple and practical AT so-
lutions with most carers unaware of new AT devices and
solutions available.

Discussion

The aim of this systematic review is to identify the
types and uses of assistive technology in dementia
and describe the effectiveness and experience of its
use for carers. The studies included cover the last 18
years and give a broad picture of AT use in dementia
care. Caregiving for people with dementia in the com-
munity is usually unplanned, unpaid work carried out
by the relative of the person living with dementia.
The role of carer can be rewarding, but it can also be
detrimental to a person’s well-being and can put them
under a lot of stress [100, 101], especially for a carer
who has little experience. AT is one way for support-
ing people with dementia and their carers to stay for
longer in the community.

The symptoms which have the highest impact on
carers of persons with dementia are repetitive questions,
apathy, getting lost, aggression and incontinence [37, 40,
66] but the AT solutions from studies included in this
review did not effectively address behavioural problems
except safety/alert devices for wandering and getting
lost. Fuhrer et al. [102] argue that effectiveness, effi-
ciency, device satisfaction, psychological functioning and
subjective wellbeing are essential outcomes for contin-
ued short-term and long-term use for AT. Findings from
this review highlight that carers of people with dementia
may prefer a specific type of AT, such as a GPS tracker,
movement sensor or medication reminder and perceive
it as useful but it may not have any real effect on out-
comes of burden, satisfaction or wellbeing, similar to
findings from other reviews on AT [27, 103]. One reason
for this could be that existing outcome measures that



Sriram et al. BMC Geriatrics

(2019) 19:160

Table 4 Sample quotes for Themes and Sub-themes
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Theme Sub theme

Example Quotation 1

Example Quotation 2

Example Quotation 3

Positive aspects Relationships

Freedom and
autonomy

Safety

Quality of life (stress,
burden, wellbeing)

Competence

Freedom and
autonomy

Negative aspects

Relationships

Competence

Quality of life (Stress,
burden, wellbeing)

‘the use of the device generates
longer instances of interaction’
[70].

‘As | say, | couldn’t have continued
working as long as | did, and I'm
still, we're still benefitting from it
[BUDDI device] you know. It it's
really, | think it's a wonderful
device, wonderful’ [10].

‘I'would like to keep it [the
passive positioning alarm] ... //
because it really provides security’
[62].

‘speaking watches" that read the
time of day aloud at the push of
a button. With this device, the
caregivers experienced fewer
questions and less stress and
misunderstandings about the
time' [50].

‘it [GPS tracking device] was used
to enable the person to continue
to go out alone’ [56].

‘Some participants feared that
technology which simplified tasks
too much might weaken a
person’s own abilities such as in
remembering numerical series
and codes’ [59].

I think people need people — not
just gadgets, you know? That's
the worrying thing really, with
the elderly in particular. The
gadgets replace people, and
there isn't any comparison’ [41].

‘Future willingness to use a
technology generally outstripped
their current willingness to use it'
[67].

'Adding activities into the
[electronic] calendar was
extremely time-consuming and
complicated compared to an or-
dinary calendar: "l cannot sit here
evening after evening and

Technology itself can become a
‘member’ of the social network,
making it stronger’ [47].

‘In this way, the picture phone
helped the person with
dementia maintain
independence, something the
relatives described as important’
[58].

‘simple movement sensors or
alarm systems that are
networked to allow remote
alerts were the most
enthusiastically received’ [41].

The family caregivers were
satisfied because the SRC
[Simple Remote Control]
removed both worries and
burden of interruptions at work’
[64].

‘enabled them to better balance
their needs for personal space
with their desires to remain
connected to the PWD during
the night’ [40].

‘You can trust another person,
but | think technology would be
a bit ... well, what if the
technology went wrong? You
can't be 100% sure that the
person would be cared for
when you walk out of the door,
can you? If somebody else is
there, then you know' [41].

The simple remote control used
to be a great advantage for my
wife, but now, after being at the
hospital for some weeks, she
doesn‘t know how to operate it
any longer. | have to tell her
how to use it, all the time, and
she is no longer able to use it
when she'’s alone’ [50].

‘As she was not competent in
informatics, Mrs. B. had to rely
on the personal care attendant:
“She logs very easily and
communicates information to
me”. Thus, the situation was not
under Mrs. B.'s control’ [54].

‘One of the caregivers reported
that in some circumstances the
system might increase the
burden of care, if the sensors
detected certain situations
where additional care was

I believe that my ability to have
my mother continue to live
with us would be dramatically
reduced if we didn't have NMS'
[40].

‘Informal caregivers, in contrast
[to formal carers], request ICT
solutions that enhance their
personal freedom’ [63].

‘Family caregivers expressed the
belief that electronic tracking
enables the patients’
independent outdoor mobility
and at the same time improves
their safety’ [55].

‘Informal caregivers reported
that use of the system
[preventative sensor
technology] provided benefits
to their mental well-being’ [61].

‘For the caregiver, data shows
that the picture-button tele-
phone was also most useful,
with five out of six caregivers
claiming they themselves were
still using the product 3 months
after its installation, and each
reporting they considered it
useful’ [46].

‘Mrs B. pointed out the
obligation to subscribe to an
assistance platform. Mrs. B.
would like to have the
possibility to buy the device
and manage by herself her
husband's wandering’ [54].

‘We don't want technology —
we want people’ [41].

‘....equipment may need some
adjustments for use by elderly
caregivers' [52].

"...family members were not
sure how to raise the issue of
using an electronic tracking
device: "How do you explain
[to] your relatives that they will
be monitored in all their
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Theme Sub theme Example Quotation 1 Example Quotation 2 Example Quotation 3
struggle with this computer!’ [50].  required’ [61]. outdoor activities?' [55].
Use of AT Ethical issues The persons with dementia and ~ ‘Among the most central "...relatives shifted between

Help and support
from carers

Raising issues of
using AT

Acceptance and Costs and resources

knowledge of AT

Acceptance of AT

Knowledge of
Technology

their spouses saw the value of
being locatable and saw no
problem with the persons with
dementia being monitored; they
had not even considered that
aspect’ [62].

The engagement and interest of
FC [Family Carers] was crucial in
order to follow up the new AT
device and support the person
with YOD in using it' [50].

‘She said she felt, it (@ pendant
alarm) made her feel like a crock,
you know (laughing). She says, ‘I
don't need this, I'm perfectly
alright” And the way that |
persuaded her to wear it was, |
said, “It just makes me feel better
to know that you can contact
somebody if you have a fall in
the house, or if you're not too
well and you can't get to the
phone.” So, | said “You might not
want to wear it, but wear it for
me please because it, it stops me
worrying about you." Erm, so that
was why she wore it, really’ [10].

‘It was striking that no participant
talked about any time or money
savings through using networked
technologies’ [41].

The participants saw
technological innovations as an
intrinsic feature of societal
change and inevitable. The
expectation was that the use of
technology would increase,
particularly for the next
generation of carers who would
have the aptitude and skills to
adopt them’ [41].

‘Carers and GPs generally found
the term AT unhelpful and open
to interpretation...... “Well, |
think the whole thing was
introduced to me in a very
nebulous way. Technology, what
the hell does that mean?” [69].

worries were fears of a
dehumanized care’ [63].

‘Carers provide practical help
that involves cognitive effort
and is emotionally challenging’
(49].

The carers' attitude,
commitment and will to learn
about and follow through with
the testing of the technology
were vital if the equipment was
to be useful and functional’ [48].

‘Several carers noted that AT
was generally expensive. You
know, some people can't afford
it. | don't mind paying for it
‘cause it's helping her (mother)
but I think it, it is expensive. It is
quite steep, but then again, if
her attendance money is there
for it and she needs it, you, you
don't mind getting it if it's
going to help her, you know’
[10].

‘One prerequisite for
incorporation of technology
emphasized in all groups was
that technology must not be
perceived as stigmatizing by the
prospective user’ [59].

Timely information is important
for the FC, because the AT may
become too complicated to
handle for the person with YOD,
as the dementia progresses’
[50].

their own needs for safety and
security and what they
perceived to be the need of the
person with dementia when
reflecting on the use of ICT" [58].

‘the use of assistive technology
was in some cases influenced
by the availability of a caregiver
willing to remind the person
about the product’ [46].

‘One participant had adjusted
their newly purchased washing
machine by labelling each
compartment of the machine so
that his wife would know where
to put the washing detergent
and the rinsing agent, thus
enabling her to “still be ruler of
the laundry room,” as he put it’
[591.

‘...when the participants
considered technology to be
beneficial to their relative with
dementia or to themselves in
their roles as significant others,
they were ready to try
technological solutions for
support’ [59].

".the use and usefulness of the
five products tested was largely
determined by their technical
capacity’ [46].

‘Dementia caregivers'
knowledge of new technologies
lags behind current technology
development’ [67].

are being used in AT studies

may not be sensitive
enough to measure change when using AT or are not
valid in this context, perhaps as most measures were de-
veloped before AT was introduced.

This review highlights the continued lack of consistency
in describing or classifying AT [104]. Other studies and
reviews [7, 102, 105-107] have highlighted different ways

of classifying AT used in dementia care. Having a
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classification system based on use (with more than one
use per AT) from the perspective of the person with de-
mentia and carer, as described in this review, may improve
consistency of reporting and enhance synthesis of findings
from trials and reviews. We have classified AT based on
(i) Name of AT (ii) Type of AT (iii) function assisted (use
or intended impact) and (iv) availability (commercial/
prototype).

Though some research, involving robotic technology
in institutional and simulation/lab based settings is look-
ing into this [108, 109], this review identified the lack of
sufficient number of AT to support basic and instrumen-
tal Activities of Daily Living for people living with de-
mentia at home. This could be because it is difficult to
develop and deploy potentially bulky/expensive AT in a
non-institutional setting or perhaps human/assisted care
is seen as easier and less expensive way of providing this
care [110]. It is also possible that technological advances
in miniaturisation and artificial intelligence have not yet
caught up with this area of need.

It is also clear from this review that installation of AT
at home for use by someone who has dementia was
often wrongly seen as a one-off event, rather than an on-
going process for getting the best out of AT. Similar to
other findings [111-114], this review found that carers
as users of AT often struggle to understand and engage
with the technology in their homes as a result of poor
understanding, a lack of knowledge of available AT and
lack of on-going support from professionals and design
flaws in the AT itself.

The review also highlights the perceived fear among
some carers that use of AT could lead to social isolation.
However available AT solutions such as tablet computers
and monitoring devices to alert carers gives them a
sense of participating in the life of a person living with
dementia even when the carer is not physically present,
this led to AT being viewed as a positive addition. There
was no evidence within the included studies that mul-
tiple AT solutions were being harnessed to bring them
together for an integrated solution that could assist both
people with dementia and carers. AT devices were used
in isolation for specific functions rather than a combined
use of the devices. With the rise of internet of things
[115, 116] and connected AT devices combining mul-
tiple AT for use with a person with dementia or carer is
feasible and in most instances more desirable [117].

Interestingly all the studies considered the introduc-
tion of AT after a diagnosis of dementia, the timing of
introducing devices may be important. Safety/tracking
devices were introduced pre-emptively to prevent sec-
ondary problems [7, 27] such as falls and wandering,
which in turn could potentially reduce admissions into
long-term care [118] but equal consideration and further
research may be needed for the use of AT as a
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preventative measure especially in areas of orientation,
memory and leisure.

Many of the installed AT did not meet the needs of
the user. Despite a surprising lack of reporting on ad-
verse events, some of the negative reactions to AT were
because they were ‘Off the shelf’ devices and were
rarely useful, especially with a progressive condition
like dementia. The AT needed to be adapted or custo-
mised for the carers and people with dementia’s indi-
vidual needs and when this was not the case, led to
abandonment of the AT [117, 119, 120]. Co-creating
AT with users has steadily improved over time. Carers
need to be involved in the design and testing of AT
solutions and in prioritising the problems that need to
be addressed to allow AT to be accepted as a solution
for caring for people living with dementia in the
community [121, 122].

Implications and recommendations from this
review

1. The function assisted domain (e.g. Memory device,
GPS tracker) as a way of naming the AT is usually
defined by the manufacturer/developer of the AT.
We recommend a shift towards considering naming
the use of the AT from the perspective of the person
with dementia and their carer to ensure that device
is appropriately used and can provide the intended
benefits of that AT [123] for both the carer and the
person living with dementia.

2. Further research should be carried out on how
multiple AT devices could work together or be
combined to better support someone who has
dementia and their carers rather than how individual
AT devices can support them.

3. Future research should focus on AT solutions which
are co-designed by those with lived experience of the
challenges of dementia at home and should include
carers, who live with and away from a person with
dementia.

4. Ability of a carer to ‘problem solve’ should be
a consideration in AT prescription and use.
Technology should match the needs of the
person requiring the use of the AT, rather than
the person being ‘moulded’ to match what technology
is available for them.

Limitations

Due to the variety of AT devices and outcome measures
used, we could not pool results from the quantitative
studies and have provided a narrative review instead.
Due to financial constraints we did not include studies
in languages other than English within this review and
this could have potentially led to some suitable studies
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being missed. However, we did scan for reference lists of
all studies that were included for full text review and are
confident that this review captures all suitable studies
that met our inclusion criteria.

Conclusions

Technology is advancing at an extremely rapid pace,
especially within the fields of artificial intelligence and
machine learning with their resultant healthcare applica-
tions. It is likely that AT powered by Al may become
ubiquitous soon. The quality of research focussing on
AT use in dementia continues to be low. AT solutions
helps improve carers’ experience of providing care to a
person living with dementia. AT would support people
with dementia and carers in the community but re-
searchers, healthcare professionals and technology devel-
opers should adopt a family centred model for use of AT
than pursuing only an individual/person centred model
of care.
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