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Abstract
Background: The deficits in the self-care of older people are often associated with a loss of autonomy and
if care is not provided in the home environment by relatives or professional caregivers, then the self-care
deficits may result in the admission to a residential care facility (RCF). On the other hand, in industrialized
countries, the recruitment and long-term retention of professional caregivers are becoming increasingly
difficult. Technical aids such as sensor technology (SeTe) could solve this dilemma and improve the
autonomy, the quality of life, and the safety of the residents.
Objectives: To analyze the nursing problems targeted in the studies, where was the SeTe used, and why has
it been chosen, the technical limitations of SeTe and whether the studies contain ethical considerations.
Design: This review followed the Cochrane Collaboration methods for systematic reviewing. The databases
EBSCOhost (which includes CINAHL, MEDLINE, and PsycINFO), Web of Science, Cochrane Library, and
Google Scholar were searched.
Methods: This critical systematic review analyzes publications on SeTe if the nursing problems referred
to by scientists have been in connection with residents of RCFs. Studies that focused on participants in
hospitals and home environments or those using gaming consoles or medical applications were excluded.
Results: Of the 49 studies included, 31% used only accelerometers, 20% used cameras, and 29% combined
various types of SeTe devices. The use of various SeTe was beneficial, possibly because the more perspective
data are combined. 51% preferred non-wearable SeTe devices, ⅔ preferred the permanent surveillance by
SeTe devices. The nursing problems which the research teams concentrated on were fall risk, immobility,
agitation and sleep problems. Only ¼ of the studies mention current or potential ethical considerations
regarding the surveillance of residents by SeTe devices.
Conclusion: It is gratifying that the international interest in researching SeTe in RCFs has increased.
Ethical dilemmas were hardly discussed. The future use of SeTe in RCFs is certainly desirable and
unavoidable, but consulting the residents, professional caregivers, and nursing scientists about their
requirements for useful and necessary technical surveillance first seems usefull.
Relevance to Clinical Practice: Currently RCFs should continue to use the SeTe cautiously. Professional
caregivers in RCFs should be able to convey the growing self-image of nursing into similar SeTe research
projects.
Keywords: Accelerometer, camera, nursing home residents, nursing problems, surveillance technology,
review

Introduction

Throughout the world, there are technological developments
in private and professional everyday life. These developments

also pervade the health and care sectors. Whereas most technical achievements have already been established in the medical
field, the nursing profession is rather cautious about the use
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of technical assistance, especially for long-term care. During
the past few years, however, some researchers have begun
to look into technology supporting the surveillance of care
recipients. This surveillance technology has been intended to
increase the safety of care recipients, also in the long-term, and
to provide some relief to the caregivers. The purpose of this
review is to examine the state of the art in scientific projects
on surveillance technology in residential care facilities (RCFs).

Background

The deficits in the self-care of older people are often associated
with a loss of autonomy, and this is often caused by dementia,
multiple falls, or incontinence [1]. Those often affected need
support from others; sometimes they need permanent care
from caregivers. If care is not provided in the home environment by relatives or professional caregivers, then the self-care
deficits may result in the admission to an RCF (ibid.).
In industrialized countries, the number of older adults with
self-care deficits is increasing, which means that a growing
number needs support by caregivers. The prevalence of
people with dementia, for instance, increases exponentially,
doubling every 20 years [2]. As a result, a growing number of
the RCF residents have problems with cognitive functions [3].
On the other hand, in industrialized countries, the recruitment and long-term retention of professional caregivers are
becoming increasingly difficult [4]. Also, RCF caregivers experience a considerable degree of physical, psychological, and
emotional stress, especially in the treatment of residents with
dementia [2]. This represents an additional hurdle for caregivers
working in RCFs [5,6]. Therefore, it is becoming increasingly
difficult for professional caregivers alone to provide quality
care for the growing number of residents in the RCFs. Technical aids could solve this dilemma and improve the autonomy,
the quality of life, and the safety of the residents [3].
A technical aid that has been researched increasingly in
multiple professional fields is sensor technology, such as the
sensor-based activity monitoring and fall-and-wandering
detection. Devices such as accelerometers, heat sensors,
pressure sensors, moisture sensors, tracking devices, and (IR)
cameras are already being used. In this review, such surveillance sensor devices are subsumed under the term sensor
technology (SeTe). Sensors such as these have been developed
to inform residents and caregivers of critical events [7] and
to aid nursing in more specific ways [8]. This review attempts
to answer the question of which types of SeTe devices have
been scientifically investigated in RCFs in recent years. What
are the nursing problems that the scientists have focused on?
Ethical conflicts could accompany the increasing use of
SeTe devices in RCFs [9]. These conflicts might have a direct
influence on the acceptance of SeTe in RCFs, which is a “critical factor for the success of such systems” [2]. Peek et al. [9]
describe that many SeTe devices cannot be deactivated, and
thus, the privacy of care recipients is in permanent violation. This critical systematic review, therefore, also examines
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whether the scientists in their studies also take into account
the privacy of their participants. And did these scientists also
address the ethical concerns of the professional caregivers?
In any case, caregivers also have an effect on the use of SeTe
in RCFs. Statements like “I could lose my job” [10] portray the
fear of caregivers toward being replaceable.
In addition to analyzing the quality of the studies investigated, a synopsis of the studies was created as follows:
•
the objectives and the nursing problems targeted in
the studies;
•
where was the SeTe used, and why has it been chosen;
•
the technical limitations of SeTe;
•
why SeTe has been tested in RCFs;
•
whether the studies contain ethical considerations such
as the protection of privacy or the acceptance of SeTe by
all stakeholders.
Accordingly, a presentation of the results of the individual
studies included in this review was not an objective of this
critical assessment and the synopsis.

Method
Design

This review followed the Cochrane Collaboration methods
for systematic reviewing [11] based on the PRISMA principles,
the Preferred Reporting Items for Systematic reviews, and
Meta Analyses [12].

Data collection

As the first step, the search engine PubMed was used to screen
for studies on “nursing homes” and “sensors”. The analysis
of abstracts and full texts resulted in common keywords. A
second database analysis supplemented these keywords with
additional keywords. Third, on the basis of these keywords,
the following string search was performed: (“nursing home*”
OR “residential care”) AND (“surveillance technology” OR
“electronic observation” OR “activity monitor” OR tracking
OR sensors OR sensor OR “motion detection” OR infrared OR
camera* OR accelerometer). The databases EBSCOhost (which
includes CINAHL, MEDLINE, and PsycINFO), Web of Science,
Cochrane Library, and Google Scholar were searched using
this search string on August 3rd, 2016. For these databases,
various small adjustments were made in the string without
changing the keywords.
The review only included English studies covering the
past ten years. On the one hand, there has been a great deal
of progress in the development of SeTe, and only the latest
developments should be reflected. On the other hand, both de
Bruin et al. and Tapo published similar reviews that included
studies until January/February 2007 [3,13]. The current review
should build on these.
This critical systematic review analyzes publications on
SeTe, regardless of the study design or the scientific field in
which they were conducted. However, the nursing problems
referred to by scientists must have been in connection with
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residents of RCFs. These inclusion criteria necessarily exclude
other studies. Studies that focused on participants in hospitals,
home environments (Ambient Assisted Living), or those not
involving RCFs were excluded. The exclusion criteria were
supplemented by:
•
Studies which only recommend using their SeTe in RCFs;
•
Studies with only healthy/young participants. (Studies
supplemented by a healthy control group were accepted);
•
Non-electrical/non-electronic sensors;
•
Motion sensors integrated into gaming consoles (Xbox,
Nintendo), tablet computers, or robots;
•
Motion sensors used only for switching lights on or off;
•
Smoke and heat detectors used to alert the fire and
rescue services;
•
Medical applications such as for telemedicine, diagnosing diseases, and measuring blood pressure or body
temperature;
•
Qualitative studies, as these are to be investigated in a
forthcoming review;
•
Studies where full texts were not available. If full texts
were not available online, authors were asked directly for
authorizing access. If these requests were not answered
by October 2016, the paper was excluded.
The PRISMA-adapted flowchart of the identification, screening, eligibility, selection, and inclusion process is summarized
in Figure 1.

Data analysis

Each study included was analyzed according to predefined
criteria as follows:
•
Study characteristics (study design, country of origin,
duration of study, number of RCFs as well as the number,
age, and diagnoses of the participants involved);
•
The objectives of the studies;
•
The nursing problem focused on, its definition, and their
causes and consequences;
•
The reason why the researchers chose the residents of
RCFs as a target group;
•
Which type of SeTe was applied and why;
•
How many SeTe devices were used and whether different
types of SeTe devices were used;
•
The parameters that apply to SeTe devices, who is the
manufacturer or whether a prototype was used;
•
Whether the SeTe device is wearable or not;
•
Whether the SeTe device was used continuously or only
temporarily, such as for a diagnosis;
•
Technical problems with the use of any SeTe device;
•
Ethical considerations for the autonomy and the privacy
of the participants and the acceptance of the SeTe concerned by the target groups.
The data analysis and data synthesis were performed first by
the author and were then regularly discussed with the second
author and the research team of the Institute. Various interpretations were discussed until a consensus was achieved.
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Due to the variety of study concepts incorporated into this
review, the study quality assessment tool had to cover such
diversity. The Cochrane Handbook proposes a commonly
used quality assessment tool that covers the diversity of
several quantitative study designs developed by the Effective Public Health Practice Project (EPHPP). “This tool includes
components of intervention integrity and was judged to be
suitable to use in systematic reviews” [14].

Results

Search results

Out of 541 database results (Figure 1), 49 studies passed the
PRISMA flowchart screening, eligibility, and selection (Table 1).

Characteristics of included studies

The 49 analyzed studies originated from Europe (22x), from
Asia (9x) and America, more precisely from the USA, Mexico
and Canada (18x). Three studies were conducted in Colombia and Pittsburgh, Leuven (Belgium), Limoges (France) and
Maastricht (NL) were represented twice.
The number of included studies on SeTe in RCFs has doubled
in the past five years. The major part of the study designs was
prospective observational studies, only 14% was retrospective.
This design was mainly used for video analysis of participants.
The quality of the 49 studies is listed in Table 2. Randomization and blinding of the samples were almost never
performed. The duration of the 49 studies ranged from a few
minutes to several years, on average 280 days. If the partial
extensive retrospective studies are subtracted, the average
duration of the study was 156 days=5.2 months. The recent
studies show a slightly longer duration than the older ones.

Characteristics of participants

Table 1 lists the number of participants and the RCFs where

there were 42.8 participants on average. One-third of the
samples consisted of ten or fewer participants. Of the studies,
¾ recruited their participants from one RCF, 11% from two,
and 6% from three RCFs. The number of RCFs and participants
involved has increased over the past ten years. While the studies
from the first five years on average included 28.1 participants
from 1.43 RCFs, the studies of the past five years included
39.6 participants from 2.0 RCFs (the unusually comprehensive
study of Koczy et al. [15] is not included here).
Of the 49 research teams, 28 pragmatically argued why they
were mostly testing the SeTe in RCFs and not in hospitals or
home environments. Eighteen of them mentioned that the
nursing problems that they were interested in, such as falls,
restraints, or dementia, often occur in RCFs. As the reason for
conducting their research there, three of the studies cited an
increasing demand for SeTe in RCFs. Structural reasons for the
choice of an RCF, for example, that nurses’ “availability is also
limited” [16], were hardly mentioned.
In this critical systematic review, 36 studies mentioned
the age of their participants (Table 1). On average, the par-
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Figure 1. Flowchart diagram of the study identification, screening, eligibility, selection and inclusion process. Adapted from
PRISMA [www.prisma-statement.org/] flow diagram.

ticipants were 83.03 years old (σ2=18.5) and with a range
of 70 to 91 years. However, the studies with participants of
an average age of fewer than 83.03 years had almost four
times as many participants. Thus, very old residents are
underrepresented in the included studies. Thirty-four studies described the medical diagnoses of their participants,
mostly as criteria for the participants’ inclusion or exclusion. A total of 44 inclusion criteria and 29 exclusion criteria
were described. The redundant criteria are listed in Table 3.

search teams concentrated on are shown in Figure 2. Only nine
studies have added a definition of their particular nursing problem. Of the authors, 61% reported a total of 39 causes for the
resulting nursing problems. The dementia of the participants
(5x), the nursing staff shortage (4x), or the knowledge deficit of
caregivers (3x) were repeatedly mentioned. The most common
argument for the cause of nursing problems in RCFs, however,
was the aging of society in industrialized countries (11x).

Nursing problems researched

Of the studies included, 31% used only accelerometers, 20%
used cameras, 10% used pressure sensors, and 29% com-

The 57 current or potential nursing problems which the re-

The Types of SeTe used
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Year of
publication

2013

2008

2011

2012

2015

2009

Study

Zhu et al. 2013

Kangas et al.
2009

Koczy et al.
2011

Schwesig et al.
2012

Phillips et al.
2015

Huizing et al.
2009

EU(NL)

AM(US,CO)

EU(GE)

EU(GE)

EU(SW)

AM(CA)

Country of
origin

241

26

141

333

21

-

Nr. of
participants

83

84

83

80

83

-

Average
participants’
age

7

8

15

45

ø

m

Accelerometer

Camera

Multiple

Staff
Pressure
unaware- sens.
ness

Immobil- Accelerity
ometer

Overaging,
multiple

Localization

Activity/
Mobility

Fall

Activity/
Mobility

Fall

Fall

SeTe type Aim of
measurement

Staff
Pressure
unaware- sens.
ness

Overaging

-

Nr. of Cause of
RCF nursing
problem

Permanent

Indefinite

Temporary

Permanent

Permanent

Permanent

Non-wearable

Wearable

Wearable

Non-wearable

Wearable

Non-wearable

1

4

1

1

1

-

1

2

2

1

1

1

90

<1

-

Study
duration
(days)

<1

Educa240
tional
controlled
experiment

Prospective
observational
study

Prospec- 360
tive
follow-up
study

Prospective
observational
study

Prospective
observational
study

Retrospective
study

Duration
Wearable/non- Nr. of
Diver- Study
of measure- wearable SeTe SeTe
sity of design
ment
per
SeTe
participant

Reduce
physical
restraints
by using
alarming
sensor
mats.

Compare
the accuracy of
accelerometer-detected
steps.

Develop an
objective,
feasible and
efficient fall
risk evaluation tool.

Reduce the
physical restraints for
residents.

Validate a
fall detector
and fall
detection
algorithms.

Detect falls
and provide
data on
causes and
circumstances of
falls.

Studies
objectives
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Table 1. Synthesis of the studies included.
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EU(BE)

2014

2015

2015

2012

2013

2012

Martien, Seghers, et al. 2015

Källman et al.
2015

Yang et al. 2015

Kearns et al.
2012

Buckinx et al.
2014

Tamrat et al.
2012

AM(US,NY)

EU(BE)

AM(US,FL)

AM(CA)

EU(SW)

EU(BE)

Martien, Delec- 2015
luse, et al. 2015

12

62

69

309

25

40

68

79

80

77

80

85

86

86

2

2

2

2

3

3

3

-

Overaging

Multiple

-

Multiple

Overaging

Accelerometer

Accelerometer

Multiple

Camera

Multiple

Multiple

Overag- Accelering,
ometer
immobility

Fall

Fall

Activity,location

Fall

Activity/
Mobility

Activity/
Mobility

Activity/
Mobility

Permanent

Temporary

Permanent

Permanent

Temporary

Indefinite

Permanent

Wearable

Wearable

Both

Non-wearable

Wearable

Wearable

Wearable

5

1

4

264

1

1

2

1

1

2

1

3

4

2

3

-

RCT

Prospective
observational
study

Retrospective
study

12

180

360

2160

Descrip- 7
tive comparative
study

Prospective
observational
study

Prospec- 3
tive
validation
study

Capture
potential
fall events.

Measure
the effect of
a training
method on
physical
abilities.

Compare
movement
variability
preceding
a fall with
residents
who did not
fall.

Analysis
correlation
between
falls and
activity,
imbalance
and use of
mobility
aids.

Associate lying
positions
on pressure,
temperature
and tissue
blood flow.

Evaluate
the validity
of energy
expenditure
a sensor.

Investigate
if walking
speed or
walking affect
pedometer
and multisensor.
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AS(JP)

AM(US,CO)

EU(NL)

Nakamoto et al. 2010
2010

Rantz et al. 2015 2015

2015

2016

2011

2013

2014

Braun et al.
2014

Lipsitz et al.
2016

Van Lummel et
al. 2013

Kawada 2013

Gietzelt et al.
2014

EU(GE)

EU(UK)

EU(NL)

AM(US,MA)

AS(IR)

2015

Rezaee et al.
2015

EU(BE)

2013

Vlaeyen et al.
2013

28

31

31

52

58

133

-

-

3

76

79

88

86

-

83

-

-

90

1

1

1

1

1

1

1

1

2

Multiple

-

-

-

Staff
shortage,
other

-

Vague

Overaging

Vague

Accelerometer

Accelerometer

Accelerometer

Accelerometer

Camera

Multiple

Camera

Camera

Camera

Fall

Other

Activity/
Mobility

Fall

Other

Behaviour,Fall

Fall

Fall

Fall

Temporary

Temporary

Temporary

Permanent

Indefinite

Permanent

Permanent

Permanent

Permanent

Wearable

Wearable

Wearable

Wearable

Non-wearable

Non-wearable

Non-wearable

Non-wearable

Non-wearable

1

1

4

1

1

3

5

1

4

1

1

2

1

1

5

1

1

1

Cohort
study

Crosssectional
study

Prospective
observational
study

Prospective
observational
study

Prospective
observational
study

Retrospective
study

-

Retrospective
study

Prospective
observational
study

300

8

-

180

11

1800

-

-

510

Make a fall
prognosis
in residents.

Measuring
sleep duration.

Quantify
the sit-tostand assessment.

Adjust
sensor-detected falls
and falls
reported
by nursing
staff.

Increase
physical
activity and
to reduce
disease
related
symptoms.

Evaluate
how long
of residents
live in
RCF with
sensor-surveillance.

Detect by a
multi-camera gates fall
incidents.

Detecting
motion
pattern by
identifying
the involved
joints position.

Examination of the
phases of
video-based
real-life fall
events.
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2012

2013

2015

2009

2010

van Lummel et
al. 2012

Fontecha et al.
2013

Merilahti et al.
2016

Capezuti et al.
2009

Pat Rapp et al.
2010

Perrochon et al. 2015
2015

2012

Doshi-Velez et
al. 2012

EU(FR)

AM(US,TX)

AM(US,PH)

EU(FL)

EU(SP)

EU(NL)

AM(US,MA)

16

16

16

16

20

26

28

87

83

80

91

84

85

-

1

1

1

1

1

1

1

Accelerometer

Multiple

Accelerometer

Accelerometer

Multiple

Other

Dementia Accelerometer

-

-

Other

Multiple

-

-

Fall

Activity/
Mobility

Fall

Activity/
Mobility

Behaviour

Activity/
Mobility

Localization

Temporary

Temporary

Permanent

Indefinite

Temporary

Temporary

Permanent

Wearable

Wearable

Non-wearable

Wearable

Wearable

Both

Non-wearable

2

3

3

1

1

5

53

1

1

2

1

1

2

1

-

120

4

270

450

Prospec- 56
tive
follow-up
study

Prospective
observational
study

Prospective
observational
study

Retrospective
study

Pro-/ret- 360
rospective
study

Prospective
observational
study

Controlled
study

Rehabilitate gait
disorders by
an 8-week
multicomponent
exercise
program.

Optimal
placement
of activity
monitors by
site.

Test 2 bedexit alarms,
a warning
voice message and
a air-filled
bed-barrier.

Associate
physical
functioning
status with
diurnal
activities
and sleep
patterns.

Supporting frailty
assessment
in elderly
people in
realtime.

Quantifying
the seat-off
and seat-on
during STS.

Locating
residents
and providing alerts
of residents
leaving the
RCF.
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2011

2012

Kogure et al.
2011

Nava-Muñoz &
Morán 2012

EU(SP)

2013

2016

Fernández-Llatas et al. 2013

Hsiao et al.
2015

AS(TW)

AM(US,PA)

Chen, Chang, et 2006
al. 2007

AM(MX)

AS(JP)

AM(US,PA)

2013

Yu et al. 2013

AS(SP)

AM(US,PA)

2009

Chen, Bharu2007
sha, et al. 2007b

Jit et al. 2009

9

9

10

12

12

13

15

15

-

-

-

-

84

-

-

-

1

1

1

1

1

1

1

1

Pressure
sens.

Camera

Camera

Accelerometer

Other

Camera

Immobil- Pressure
ity
sens.

-

-

Staff
Multiple
shortage/
unawareness

Overaging

-

Staff
shortage,
overaging

-

Mobility,
location

Behaviour
,location

Multiple

Multiple

Other

Behaviour
,location

Multiple

Activity/
Mobility

Permanent

Permanent

Permanent

Permanent

Permanent

Permanent

Permanent

Permanent

Non-wearable

Both

Non-wearable

Both

Non-wearable

Non-wearable

Non-wearable

Wearable

15

1

1

-

1

15

23

1

1

1

1

5

1

1

1

1

6

21

1

-

1

14

Prospective
observational
study

-

Evalua180
tion trails

Retrospective
study

Prospective
observational
study

Prospective
observational
study

Prospective
observational
study

Prospective
observational
study

Prospective
observational
study

Localisation
and motion
detection in
bed.

Support
human
behaviour
modeling.

Protect the
privacy of
specific
individuals
in video.

Increase the
awareness
of caregivers about
care situations.

Improve
sleep quality.

Perform
localization,
tracking
and face
recognition
of personsof-interest.

Person
identification in an
ambient
camera
network
environment.

Chart
activity patterns and
circadian
rhythm.
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2011

2012

2012

Bankole et al.
2011

Frenken et al.
2012

Debard et al.
2012

EU(BE)

EU(GE)

AM(US,VR)

AM(US,CO)

2012

Popescu &
Mahnot 2012

AS(SP)

AM(CA)

2014

Aloulou et al.
2014

AS(SP)

Wang et al. 2011 2011

2013

Aloulou et al.
2013

4

5

6

6

6

8

8

89

83

82

70

87

85

85

1

1

1

1

1

1

1

Multiple

Other

Multiple

Overaging

Overaging, staff
shortage

Camera

Multiple

Dementia Accelerometer

Multiple

Multiple

-

OverMultiple
aging,
dementia

Fall

Activity/
Mobility

Behaviour

Behaviour

Other

Multiple

Multiple

Permanent

Temporary

Permanent

Permanent

Permanent

Permanent

Permanent

Non-wearable

Non-wearable

Wearable

Non-wearable

Wearable

Non-wearable

Non-wearable

4

7

3

47

-

-

7

1

3

1

5

1

5

5

420

Prospective
observational
study

Prospective
observational
study

Prospective
observational
study

Prospective
observational
study

Prospective
observational
study

180

<1

<1

720

16

Evalua510
tion trails

Prospective
observational
study

Reduce falling consequences by
informing
caregivers
immediately.

Analysis
of gait and
balance for
differential
diagnosis.

Detect and
quantify
agitation.

Early detection of signs
of illness.

Enable
independent power
wheelchair
mobility without
harming
others.

Enable an
assistive
living
solution according to
residents´
disease
evolution.

Support
healthcare
/ caregivers
by helping
residents
to perform
their ADL’s.
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2008
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Wai et al. 2008

Gibson et al.
2009

EU(NL)

AS(SP)

EU(FR)

2013

Guettari et al.
2013

AS(CH)

AM(US,MI)

2015

Rantz et al. 2009 2009

Chang et al.
2015

1

1

2

2

4

-

80

77

89

80

1

1

1

1

1

IR-camera

Multiple

-

Multiple

Dementia Other

-

-

Dementia Pressure
sens.

Multiple

Other

Localization

Multiple

Behaviour

Permanent

Permanent

Permanent

Permanent

Indefinite

Non-wearable

Wearable

Non-wearable

Non-wearable

Non-wearable

13

1

5

-

35

4

1

1

2

1

-

Prospective
observational
study

Prospective
observational
study

Retrospective
study

Prospective
observational
study

-

7

1

1080

<1

Monitoring
ADLs by a
non-intrusive wireless
sensor
network.

Smart
wireless
continence
management
system.

Locate residents inside
a building.

Detect
changes
in the
residents’
health
status.

Assessing
wandering
behaviours
by motion
sensing
carpet.
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Table 2. Study quality. Component ratings: C_A) Selection bias; C_B) Study design; C_C) Confounders; C_D) Blinding; C_E)
Data collection methods; C_F) Withdrawals and drop-outs; C_G) Intervention integrity; C_H) Analyses. Outcome: Strong=Δ,
Moderate=◊, Weak= .
Δ

Study

C_A C_B C_C C_D C_E C_F C_G C_H SUM
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Table 3. Samples inclusion / exclusion criteria.
Inclusion criteria (n=44)

Frequency

Exclusion criteria (n=29) Frequency

- mild or moderate cognitive impairment related
to dementia, evaluated with MMSE
- previous falls and high fall risk, respectively.
- walking ability
- at least 65 or 70 years old

12

- cardiac pacemaker

3

9
6
5

- recent fracture
- psychological diseases

3
3

bined various types of SeTe devices (Table 1). Microswitches
[17], active bracelets [18], tablet computers with WiFi-based
localization system [19], and moisture sensors [20] were each
applied once. The interest in accelerometers and cameras
as SeTe devices in RCFs has remained unchanged over the
past ten years. While the number of studies using pressure
sensors decreased by two-thirds in the past ten years, the
number of studies that used several varieties SeTe devices
has doubled to 33%.
Only five studies, mainly older studies, presented prototypes of newly developed SeTe. All other studies tested SeTe
devices that were already established in the RCFs.
Of the scientists, 23% justified the choice of SeTe devices
with the fact that it had already proved its worth. Further
reasons were that the SeTe tested was more accurate than
other SeTe (11%) or that it was less obtrusive (9%) or small
and light (7%). Four scientists used the SeTe opportunistically:
they had been previously installed by scientists.
In 73% of the studies gave reasons why SeTe should move
into the RCFs at all. Arguments that have been mentioned
several times are summarized in Figure 4.
Of the research teams, 41% chose SeTe devices that were
wearable, mostly accelerometers. The preferred SeTe devices
were non-wearable (51%). Figure 3 shows the location where
the scientists had placed the SeTe devices.
Of the studies included, 43% used one sensor and 82% used

less than ten sensors (Table 1). The study by Yang et al. [21]
stands out because they analyzed the data from 264 cameras.
The more sensors were used, the more the value was placed
on software engineering and less on the SeTe hardware. The
use of a larger number of sensors allowed studying more
complex targets, such as behavioral analysis or “detection of
changing patterns in the performance of ADLs” [22], which
led to more satisfying results for the scientists.
A comparison of studies using only one type of SeTe (n=32)
with those using more than one type (n=17) led to the following
associations. The studies using various types of SeTe devices
•
had fewer participants,
•
on average took 2.4 times longer,
•
used fewer sensors,
•
rather had multidimensional objectives such as “an assistive solution that can adapt to the changing needs”
[23], and
•
included less unsatisfactory reports by the authors
•
than the papers that used only one SeTe type.
Several studies using accelerometers, cameras, IR devices,
active bracelets, or pressure sensors commented that they
could not adequately adjust their SeTe devices for their participants. These papers have in common that they used only
one type of SeTe device. The research groups which did not
complain about this problem on average combined more
than 1.8 types of SeTe devices.
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Figure 2. The accumulated nursing problems of the studies included.

Figure 3. Pictogram of the SeTe placed on by the 49 research teams (further 10 multiple SeTe
arrangements are not mentioned).

Of the SeTe devices used in the studies, 84% measured
motion or changes in motion. Consequently, most of the
research teams had examined motion-related events such
as falls (26%), activity/mobility (25%), and behavior (14%).
Investigations of falls and risks of falling using SeTe devices
have doubled over the past ten years. Only a few studies
focused on non-motion measurements such as localization
(Doshi-Velez et al., 2012), skin temperatures and pneumatic
pressure (Källman et al., 2015), or moisture (Wai et al., 2008).

Two-thirds of the 49 studies preferred the permanent
surveillance by SeTe devices. Only 22% of the research teams
used SeTe devices temporarily to diagnose frailty [24], sleeping
patterns [25], fall-risk probability [26], and mobility (seat-off,
seat-on [27], TUG [28], and sit-to-stand [29].

Technical Problems and Ethical Considerations

In this critical systematic review, 33 studies mentioned a total
of 68 technical problems. Scientists using accelerometers
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Figure 4. Accumulated advantages of SeTe in RCF.

described difficulties of limited battery life, interruptions in
measurements, and data transmission issues. The studies
using cameras complained about the large amounts of data
and the limitations in the monitoring: “falls of the participants
outside the rooms could not be detected, as the Fall-Cam
system was restricted to this area” [30] and “for instance, it
would be problematic when there are reflections or large
shadows in frames” [31].
Technical problems with SeTe devices were mentioned
several times:
•
Artifacts or inaccurate measurements leading to false
alarms (12x);

•
•
•
•
•
•
•

Inability of SeTe devices to be adjusted individually for
each participant (8x);
Interruptions in measurement because participants had
dropped or lost the SeTe device (8x);
Monitoring was impaired by reflections, shadows, or
moving doors (5x);
Data transfer interruptions and missing data due to, for
example, loss of network connectivity (4x);
Limited battery life (4x);
The nursing problem could not be described adequately
as a software algorithm (4x);
Excessive amounts of data (4x);
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•
Problems installing the SeTe devices (4x);
Overlapping monitoring data of different individuals (3x);
•
While almost all authors cited the ethical approval for their
research, only one-quarter of the studies mention current or
potential ethical considerations regarding the surveillance of
residents by SeTe devices.
Of the studies, 69% used well-visible SeTe devices. Other
SeTe devices could be used in secret. For example, motionsensing mats [32] or carpets [33], SeTe devices under [32,34]
or on an edge [35] of a mattress, under a bed sheet [36], or
as a contact sensor [17] can easily be installed in secret. The
question of whether SeTe surveillance could potentially be
secretly installed was not discussed in any study.
The privacy of the residents was mentioned in 12 studies.
These concerns often led to a limitation of the surveillance:
“for privacy reasons, we did not plan to install a camera in the
bathroom” [4] or “the body texture is obscured, and only body
contours are partially preserved, which protects the identity”
[37]. Alternatively, for example, switches were installed for
deactivating the surveillance [19,30]. Arrangements for the
protection of privacy were gratefully accepted by the participants: “another interesting outcome of our focus groups
was the residents’ willingness to accept a camera sensor in
their apartment as long as only the silhouette of the person
is captured.” [38].
Undoubtedly, the acceptance of SeTe by the participants
will influence the future of such surveillance technologies in
RCFs. Of the studies, 63% did not comment on the acceptance of SeTe. One-third of the other studies indicated that
the participants or the nursing staff had provided a positive
feedback: “No study subjects mentioned any feeling of stigma
from wearing the devices within the nursing facility. 83.5% of
the study subjects stated that they would feel comfortable
wearing the devices in public.” [39]. “Overall, staff viewed the
technology as positive and thought that a fully operational
camera system might help their work.” [30].
The feedback of five studies was ambivalent, and two studies
provided a negative feedback from the participants. “Measuring this sleep quality over long periods is very inconvenient,
especially for the elderly” [34]; “ [...] the belt pack and waist strap
were subject to urine odor and dampness” [40]; “Twenty-six
participants (38%) disliked wearing wristbands” [41].

Discussion

Dissatisfaction in study quality and sample

Of the 49 studies, 18% were rated good quality by the EPHPP
quality assessment tool. However, 43% found the quality
of the studies weak (Table 2). Thus, the total quality of the
studies reviewed is not significantly different from the findings of other reviews in the nursing journals [42-44]. This, for
example, depends on the selection and description of the
sample. While the number of participants increased by onethird in the recent studies, the number of RCFs involved in
these 49 studies was often too low for transferring the results
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to other RCFs. Possibly, the research teams had not been able
to recruit more RCFs for their research, or perhaps because
RCFs are rarely involved in research projects. Studies that had
recruited an above-average number of participants and RCFs
had focused more on the nursing problems and used SeTe
devices only as a means to an end. From the point of view of
nursing science, this approach was certainly welcome [45].
The mobility/activity of the participants was the focus
of many studies with participants of all ages and is thus a
plausible basis for the prevailing opinion that old people,
in general, are physically less active [46,47]. In contrast, the
researchers who had chosen behavioral patterns or tracking
as objectives for their studies only had participants under 85
years. Why these studies did not include very old participants
should be investigated in a future study.
Only two studies named RCF-specific reasons in choosing their sample; all other research teams chose the RCFs
for pragmatic or opportune reasons. The advantage of the
latter is obvious: the results of SeTe studies can be extended
to other areas of health care in the future. However, SeTe is
not specifically tailored to RCFs and their residents, and this
may generate unsatisfactory results in the future.
The 15 research groups which did not describe the inclusion
and exclusion criteria of the participating residents might be
confronted with the accusation that they had chosen their
participants arbitrarily. The perception of the inhabitants
and, consequently, the quality of the study must be seriously
questioned for the studies in which not even mention the age
of the participants is mentioned (Table 1).
However, there is the positive trend in the papers to clarify
the criteria for the inclusion and exclusion of the participation
of residents. On average, these studies are two years newer
than those that described the participants superficially or
not at all.

Underestimated Nursing Problems

Although nursing problems pursued in the studies were heterogeneous (Figure 2), 41 of the 49 papers identified a single
variable for the SeTe employed: motion or motion change.
In the case of falls, it is the sensory motion detection that is
predominantly conclusive. However, nursing scientists have
repeatedly reported that falls in the elderly can have causes
attributed to multiple intrinsic and extrinsic factors [36,48,49].
A simple motion measurement cannot account for all this, of
which professional caregivers are surely aware of. However,
RCF residents and their relatives could be taught that complex
events such as falls, immobility, or even behavioral patterns
could be measured or even predicted using the help of a
simple motion sensor.
From a holistic perspective on nursing problems, the
involvement of nursing scientists is certainly inevitable [50]
[51]. Nursing scientists were only inadequately involved in
the 49 studies of this review, which can be seen by that only
a few studies had defined the nursing problem investigated.
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Neglecting to define the nursing problem or describing it
as having only one cause will make it difficult to choose an
appropriate SeTe, and specifying the software algorithms
becomes problematic. For example, Kawada [25] equated
sleep deficit with the sleep duration that he examined. In his
study, the “sleep duration was calculated as the total of ‘sleep’
epochs from 21:00 h to 06:00 h”. This arbitrary time frame is
not applicable to all residents of RCFs, nor have other causes
of sleep deficit been considered, such as interruptions of sleep,
the sleep depth, or trouble of getting to sleep. Three research
teams admitted that they had difficulties in identifying falling
events from non-falling events: “It is therefore critical that the
algorithm is precise enough to accurately discern a fall event
but specific enough to distinguish between other movements
and true fall events” [39].
Kearns et al. used a comprehensive definition for a nursing
problem: “Falls are defined as an unintended movement from
an elevated position to a position on the surface on which the
person was either standing or from a higher surface such as a
chair, with no elaboration of the circumstances surrounding
the fall” [41]. The complexity of the nursing problems, which is
only revealed by such definitions, represents an equally complex challenge for the SeTe and its software algorithms. How
can the SeTe or its software detect “unintended movements”?
This is probably not done by a motion sensor on the arm.

Less convincing SeTe preferences

The reasons for selecting a SeTe device type revealed two
diametric positions in the choice of wearable or non-wearable
SeTe devices. For both, representatives claimed that their SeTe
was more accurate, more objective, more reliable, and more
discreet. Fontecha et al. [24] wrote that the use of wearable
SeTe in health care has increased significantly in recent years
and that wearable SeTe is always easily used and inexpensive.
Wearable devices “can be positioned anywhere on the body
with low patient awareness [...]. This makes it possible to move
from the lab to daily life settings.” [27].
The scientists who proposed SeTe as unsuitable gave the
following arguments:
•
“ambient sensors are less obtrusive [than wearable ones],
make patients not feel like being tested” [28];
•
“patients with dementia tend to ‘fiddle’ with things within
easy reach.” [52];
•
a camera “is contactless and does not require initiative
of the person [...] in case the device is button operated
[...], some persons with (mild) cognitive impairment are
not always able to activate the alarm system due to the
complexity of issues around the use of call alarms” [4];
•
“health care professionals might not be able to correctly
handle [wearable SeTe]”
•
the residents’ compliance is irrelevant for non-wearable
SeTe [34];
•
they have often been proven as successful [30,53].
Future intervention studies should compare the advantages
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and the disadvantages of wearable and non-wearable SeTe,
integrating the wishes and needs of the residents. Critical
reviews already exist in juxtaposition [54]. Such findings would
probably eliminate another phenomenon that appeared in
this review: only three research teams used the same SeTe
product. This could be related to the wide range of SeTe
manufacturers or the high dynamics of SeTe development.
From the meta-level perspective of this review, however,
the impression arises that the research teams worldwide are
isolated from each other; therefore, each review starts at zero
and does not build on the findings of the others [55].

A disappointing ethical debate

The endeavor to protect and improve the privacy, security,
and autonomy of residents has been mentioned in some of
the studies involved. The majority of the studies, however,
were not aware of the need to consider the ethical aspects
of their scientific work [56,57]. Studies which, for instance,
used trackers [18] and face-recognition [58], or which had
the intention of sharing these data with the electronic health
record [41] should take data security into account [59]. This
includes the potentially unsecure data transmission from a
SeTe device to servers via WiFi [19], Bluetooth [19,27], or a
mobile phone [60].
There is no doubt that even potentially invisible SeTe surveillance will be used to improve the safety of the RCF residents.
However, its ethical concerns and the extent of surveillance
in RCFs are certainly worth a social and scientific debate. This
debate should be conducted before the commercialization
of SeTe in RCFs leaves little room for decision-making [61,62].
Regrettably, none of the studies of this review has mentioned
the potential covert use of SeTe surveillance, either by accelerometers, cameras, or trackers.
However, it must be pointed out that the older studies in
this review have used SeTe devices six times more covertly
than the recent studies. In the recent studies, the number of
critical remarks on ethical questions regarding the surveillance by SeTe has doubled. It can be deduced that there is a
growing critical, reflective, self-understanding of scientists
regarding surveillance by SeTe in RCFs.

Conclusion

Despite the need for qualitative improvement in many of the
studies in this review, it is gratifying that the international
interest in researching SeTe in RCFs has increased.
However, the small number of RCFs and participants
involved and the scarcity of descriptions dealing with inclusion/exclusion criteria in many studies reduces the ability to
transfer these findings to other RCFs.
Furthermore, there is a dominant, one-sided focus on the
nursing problems of fall risk and immobility. This approach
does not cover the primary current and potential challenges
for RCFs. Also, few research teams have defined the nursing
problem focused upon. Accordingly, they have underestimated
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the complexity of nursing problems. Presumably, this led to
a wrong choice in SeTe and, therefore, unsatisfactory results.
Nevertheless, several of the studies included have indicated
that the use of various SeTe is beneficial, possibly because
the more perspective data are combined.
Ethical dilemmas such as the potential replacement of the
professional caregivers by SeTe, the threat to the privacy of
residents of RCFs, or the potential of covert surveillance were
hardly discussed. Nonetheless, the number of studies with
critical remarks about SeTe has increased, and the acceptance of SeTe by the participants has more frequently been
described as increasingly positive. Critical contemplations on
surveillance by SeTe in RCFs were generally weak but appear
to be increasing.
Apparently, most SeTe devices that have been tested by the
research teams in RCFs were originally designed for another
commercial market. As has been shown, this approach has led
to unsatisfactory results for the researchers. Perhaps scientists
intending to test SeTe in RCFs should proceed differently by
first consulting the residents, professional caregivers, and
nursing scientists about their requirements for useful and
necessary technical surveillance.
The future use of SeTe in RCFs is certainly desirable and
unavoidable. The prerequisite for a high acceptance of the
surveillance by SeTe by all participants is not only the optimal
hardware and software as well as the external validation of
research results but also a scientific, ethical discourse on
the balance between the autonomy and the security of the
residents, a discourse that should be conducted on an interdisciplinary basis.

Relevance to Clinical Practice

This critical systematic review could indicate the following:
•
Regarding the surveillance technology, interesting developments have been observed in RCFs over the past ten
years. Certainly, a few of the SeTe devices presented will
become marketable and possibly extensive used in RCFs.
Surely, SeTe will support the nursing profession and at
the same time, change it sustainably. Caregivers in RCFs
should deal with these changes already now.
•
The scientists mentioned many technical difficulties with
the use of SeTe. These deficits will certainly be remedied
in the coming years. Currently, however, RCFs should
continue to use the SeTe cautiously.
•
Many of the SeTe were originally not developed for the
nursing profession. Perhaps that is why their technical
feasibility had priority over their applicability to nursing.
It could be shown in this review that the hardware and
software of the SeTe were still insufficiently adjusted to
nursing needs in RCFs.
•
The studies partially presented nursing problems with
perceptions and definitions that are remote from the
professional caregiver approach. This could be because
the caregivers in the RCFs where the SeTe was tested did
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•

not discuss the evidence-based nursing with the scientists who were involved in other disciplines. Professional
caregivers in RCFs should be able to convey the growing
self-image of nursing into similar research projects.
Many scientists have neglected to take into account the
ethical implications of SeTe surveillance. When it comes to
the residents’ privacy, data protection, and autonomy, or
SeTe possibly replacing caregivers, the nursing profession
is ultimately required to take a stand before permitting
the extensive use of SeTe in RCFs, which leaves little room
for decision-making.

Limitations

Despite using the Cochrane Collaboration Methodology and
the PRISMA Principles, the final selection of the 49 studies
have indicated a selection bias. It is possible that relevant
studies were not included in this review due to the choice of
databases and the selected keywords.
Since neither the quality of studies nor the scientific field
from which they originated limited the eligibility, the focus
and the quality of the 49 studies were heterogeneous. This
heterogeneity made the quality assessment per EPHPP difficult.
Finally, despite our efforts to consistently evaluate the 49
studies objectively, statements in the studies could be misinterpreted or over-interpreted.
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