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A B S T R A C T

The proportion of older adults who live alone in single households is growing continuously. In the care of these
solo-living older adults, electronic assistive technology (EAT) can play an important role. The objective of this
review is to investigate the effects of EAT on the wellbeing of community-dwelling older adults living alone in
single households. A systematic review of English articles was conducted based on PMC, Scopus, Web of Science
and the Cochrane database. Additional studies were identified from the references. In total, 16 studies were
identified, six of them with follow-up. There is evidence that EAT can improve the physical and mental wellbeing
of older adults. There was little evidence that EAT can improve social wellbeing. We conclude that more per-
sonalized designs and interventions, and more user engagement could be embedded in the design of EAT for
solo-living community-dwelling older adults and that more evidence is needed regarding the effects of those
interventions.

1. Introduction

Between 2015 and 2050, the proportion of the global population
that is aged 65 years or more will double, from 8.3% to 15.8% [1]. In
Europe, the proportion of the population aged over 65 reached 19.2%
in 2016 [2]. Meanwhile, the number of older people living in single
households is increasing as well; for example, in the EU-28, the average
percentage of people aged≥65 in single households was 13.1% in 2010
and 14.3% in 2017 [3], an increase of 1.2%. Similar trends can be
observed in the USA [4], where 21.9% of those aged 65–74, 31.2% of
those aged 75–84 and 38.7% of those aged ≥85 live alone [5].

Preventing the institutionalization of older adults is important from
personal, social and economic perspectives [6]. However, older people
who live alone may encounter various physical, mental and social
problems. Physiological changes not only make older adults vulnerable
to disorders, but also influence their behaviors, which may in turn in-
fluence their physical, mental and social status. For instance, falls and
fall-related injuries in frail older adults can have serious health and
social consequences, including hospitalization, permanent disability,
change of residence, loss of independence, isolation, depression and
long-term reduced quality of life (QoL), as well as high healthcare
consumption and costs [7].

Mental health is “a state of wellbeing in which an individual realizes
his or her own abilities, can cope with the normal stresses of life, can

work productively and is able to make a contribution to his or her
community” [8]. Mental disorder is the commonest single cause of
disability (23%) in the western world, outranking cardiovascular dis-
eases (16%) and cancer (16%) [8]. It is estimated that 20% of people
aged ≥55 in the USA experience some types of mental health concern.
The most common conditions include anxiety, severe cognitive im-
pairment (e.g. Alzheimer’s disease) and mood disorders (e.g. depres-
sion) [9].

Loneliness is a common among older people and is closely asso-
ciated with impaired QoL, cognitive decline [10], poor subjective
health [11], disability [12], increased use of health and social services,
and increased mortality. Loneliness has been defined as an individual’s
subjective experience of a lack of satisfying human relationships [13].
Older people are prone to feel lonely, as losses tend to occur in old age.
Retirement from work, the death of a spouse, and greater disability may
all reduce social integrity [14].

Assistive technology (AT) is technology that is adapted or specially
designed to improve the functioning of people with disabilities [15].
The definition of AT varies [16]. WHO describes assistive devices and
technologies as those “whose primary purpose is to maintain or improve an
individual’s functioning and independence to facilitate participation and to
enhance overall well-being” [17]. In practice, AT is "an umbrella term for
any device or system that allows an individual to perform a task" [18].
There are many types of ATs, ranging from a simple wheelchair to an
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intelligent robot. Electronic assistive technology (EAT) [19], which is a
subset of a wider range of AT products and services [20], is able to
empower people with embedded electronic and digital technologies
[21–23]. EATs have been widely used to help people in rehabilitation
[24], care of dementia [20], etc. Typical EATs include telecare, wear-
ables, and ambient assisted living (AAL) [23]. Some EATs have been
developed as product-service systems, such as the personal emergency
response system (PERS), where a service can be triggered by an older
adult in case of emergency, for example a fall.

The aim of this review is to evaluate: (1) what types of EATs are
used for community-dwelling solo-living older adults and (2) the evi-
dence that using EATs can improve the physical, mental and social
wellbeing of those older adults.

2. Methods

2.1. Search strategy

This review is in accordance with the PRISMA guidelines [25] for
systematic reviews. A comprehensive search was conducted in PMC,
Scopus, Web of Science, Cochrane library and clinicaltrials.gov till
Jan.31, 2019, using the following search terms: (“elderly” OR “older
adult”) AND “Assistive technology” AND (“living alone” OR “single
household” OR "solo-living"). We selected English-language articles
only and the keyword “independent living” was not included as it does
not necessarily mean “living alone” [26].

2.2. Study selection

Inclusion criteria were: (1) academic and peer-reviewed journals;
(2) cohort studies with older adults aged ≥60 or ≥65, and>50% of
participants living alone in a community, or living alone as a criterion
in the evaluation, or living alone is (one of) the major focus(es) of the
research; and (3) EAT involved as a (major) monitoring tool/inter-
vention. Exclusion criteria were: (1) older adults living in social or
sheltered housing; (2) mechanical assistive devices in which intelligent
functions are not embedded. In total 16 studies were identified that
evaluated the use of EAT(s) for solo-living older adults (see Fig. 1).

2.3. Data

Title and abstract, and in the eligibility check the full-text of each
candidate paper were screened/studied according to the inclusion and
exclusion criteria. The following information was collected if a paper
was selected for the review: the type(s) of EAT(s), the type of study,
number of older adults living alone, the follow-up time, the evaluation
methods and possible ethical issues.

2.4. Quality

Because the 16 studies included in this review are diverse in terms
of both approach and intervention, a meta-analysis was not possible.
The authors present a qualitative analysis of the 16 selected studies
regarding the types of EATs, the use of EATs, the evidence on the effects
of EATs on the physical, mental and social wellbeing of solo-living older
adults and, where possible, ethical issues in the use of EATs.

3. Results

In the included 16 studies, older adults were rather frail, without or
with some degree of cognitive impairment (e.g. lowest MMSE≥ 20
points in [27]). The majority were female (˜66%, n= 3276 out of 4954
in 14 studies). In two studies [28,29] gender was not reported.

3.1. Types of EAT interventions

The types of EAT interventions varied from a simple personal alarm
(or PERS) [30] to an AAL environment [31]. The functions of all EATs
were fixed at the moment of the deployment; that is, we did not identify
personalized adaptive features. Regarding function, an alarm was the
most frequently used EAT in the reviewed cases (7/16), followed by
monitoring (3/16), telepresence (2/16), robot (2/16), SmartHome (1/
16), AAL (1/16), computer device (1/16), electric bike (1/16), mobile
phone (1/16) and video surveillance (1/16). Some studies included
more than one EAT. Only six trials [6,27,30–33] evaluated the effects of
the intervention with a follow-up; in those that did, the follow-up
ranged from 6 months to 33 months. The remaining 10 studies
[28,29,34–41] did not include a follow-up period. Most studies were
conducted in North America, Europe and Australia, and one in both
Australia and India (see Table 1).

3.2. Evidence of improving the physical, mental and social wellbeing

The physical conditions of solo-living older adults are closely con-
nected to their independence. Using an alarm system was effective in
preventing older adults lying on the floor for long times after falls,
providing that the alarm was triggered [30]. However, in 38 out of 141
fall incidents, the older adults had lain on the floor for over an hour
even though an alarm system was available to them.

Regarding the numbers and types of emergencies experienced, there
were no significant differences between the purchasers of the alarm
system and non-purchasers [33]. Older adults used the alarm system as
a strategy to maintain their independence and minimize the unexpected
risks [38]. Persons aged 85+ were significantly more likely to report
the use of alarms whether living alone or with others, and those aged
75–84 and living alone were significantly more likely to use alarms than
those aged 65–75 [37]. For other EAT interventions, in a trial of AAL

Fig. 1. Flow chart of included studies.
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platforms, functional benefits were found for both frail older in-
dividuals and professional caregivers [31]. For the use of a SmartHome,
there were no statistically significant differences between the treatment
group (34 participants) and the control group (44 participants) re-
garding FIM motor and SIP Movement scores after 24 months [6].
However, there were statistically significant differences of IADL scores
and CHART mobility between the control group and the treatment
group, with the latter performing better.

Using EAT may improve older adults’ mental health. A significant
difference in the incidence of depression was identified between the
purchasers and non-purchasers of an alarm system, with more non-
purchasers suffering from depression [33].

Little evidence for improvements in the social wellbeing of older
adults was identified. In a study of the use of telepresence robotic
technology [36], participants (n=8) indicated that, in general, they
appreciated the potential to enhance their physical health and well-
being, social connectedness, and ability to live independently at home.
However, the usage of a home activity monitoring system did not sig-
nificantly impact older adults’ perceived independence, QoL, health
status, feelings of loneliness and safety in a 6-month follow-up [27].

In the remaining eight studies [28,29,32,34,35,39–41], either
caregivers were the focus of the study, or little evidence was reported
about the impact of using EATs on the wellbeing of older adults,

3.3. Factors influencing the adoption of EATs

EATs are designed to enhance older adults' physical health, well-
being, social connectedness, and ability to live independently at home
[32]. An EAT may help older adults to reduce risks. For example,
purchasers rated the important reasons for them to buy the alarm
system as: (1) the fear of falling and not being able to get up (89%), (2)
living alone (83%) and (3) family members’ wish (80%). For non-pur-
chasers, the high cost was the major barrier (77%) [33]. In another
study, 90% of the participants used EAT to maintain their independence
and minimize the risk of the unexpected [38]. Family members also
play an important role in the adoption of technology: “grandchildren
[are] a natural coincidental part of older adult interaction” [39].

However, attitudes towards EAT differ. In one study [39], re-
spondents who did have a personal alarm stressed the feeling of safety;
but several non-purchasers mentioned that they would feel really old if
they felt the need for a personal alarm [39]. Purchasers of an alarm
system (mean= 82.6 years) were significantly older than non-pur-
chasers (mean= 79.3 years) and more functionally dependent, ac-
cording to their ADL/IADL function scores [33]. Attitudes also varied
among different types of EATs. Among older adults using a passive
activity monitoring system [27], “feelings of safety” did not show sig-
nificant differences at T0, T1 (3-month) and T2 (6-month).

3.4. Training and education

The need for user training was highlighted in several studies. Longer
and more detailed initial training with EAT might address concerns
about a smooth user experience [36]. As stated before, in 38 out of 141
fall incidents, the older adult was lying on the floor ≥ 1 h despite the
installed alarm system [30]. Though the reason was complicated, the
comments from older adults suggested that training was needed re-
garding the way to activate the devices and the signal range of the
alarm [30]. Training is associated with the complexity of the EAT, and
is also a concern of caregivers. Regarding the use of service robots, even
more caregivers (83.95%) than potential users (69.88%) stated that
they needed a minimum of three or four training sessions before they
would agree to cooperate [41].

3.5. Limitations and failures of EAT

Limitations of EAT were reported in many studies. For instance,

25% of participants in a focus group and 10% of participants in inter-
views agreed that alarm systems can be triggered by accident [38].
Another study reported that, over a period of 36 months, the deployed
alarm systems generated on average 1.5 red alerts (first-level alarm)
and 7.7 yellow alerts (second-level alarm) per client (n=19) per
month [27]. The majority of the red alerts were caused by technical
failures of the system, i.e., unexplained errors in the base station unit
(43.9%). Besides the alarm, similar problems were encountered in a
SmartHome, where only 52%–68% of the deployed systems (n=34)
were in use after 2 years and the major reason for “no use” was failure
[6]. Those failures were not necessarily a malfunction of the system, but
rather a combination of unfriendly features of the EAT and participants’
unfamiliarity with the system.

3.6. EAT and cares

EAT can relieve the burden on informal caregivers by providing
historical records and real-time information, and/or real-time alarms.
For instance, an informal caregiver indicated that a video surveillance
system “relieves the anxiety of the family who are concerned about the
safety of the person with dementia…” [28]. Formal caregivers (n=41)
also stated that an activity monitoring system enabled them to deliver
more tailored care based on historical records [27]. According to an
objective measure of the burden on the formal caregivers, a decrease in
the time spent on the client was found, from 2.93 days per week at T0 to
2.47 at T1 (3-month). The subjective burden decreased from 5.94 on T0
to 5.06 at T2 (6-month, p=0.03) as well [27]. This finding is in line
with those of another study [42] included in this review.

3.7. Ethical issues

Two of the 16 selected studies discussed ethical issues in the use of
EAT from the perspective of (informal) caregivers. The video surveil-
lance system for older adults with dementia might be the most ethically
sensitive EAT [28]. In that study, a family caregiver indicated that
“Proper consent from [the] person needs to be sought so that they feel
comfortable with this method”. Informal caregivers indicated that the
impact of EAT on privacy should be compensated by the perceived
sense of safety that it brought; however, (informal) caregivers tended to
focus more on the functions and did not directly address any ethical and
moral concerns [29].

3.8. Personalized intervention by EAT

Most EATs are mass-manufactured, and have a fixed form and fixed
functions. However, the situations of older adults differ and the needs
of older adults may vary, as frailty is personalized. In one study older
adults (n= 30, Mean age: 88.7) operationalized frailty as unpredict-
ability and perceived risk [38]. This is accordance with the findings of
another included study [34] which concluded that “When the user group
is heterogeneous, the recommendations for individualization and for adap-
tations to be made to meet individual needs become especially important”.

4. Discussion

The current review on EAT-based interventions for community-
dwelling solo-living older adults in single households demonstrates that
the use of different EATs has different effects on physical, mental and
social wellbeing of older adults. Ten types of EATs, ranging from a
simple alarm to robots, were used in the included studies. There is some
evidence that EATs can improve the physical [6,30] and mental [33]
wellbeing of solo-living older adults but there is little evidence that EAT
may improve their social wellbeing. While older adults stated that
maintaining their independence and minimizing unexpected risks were
the major reasons for adopting EATs, using EATs may also reduce the
burden on (informal) caregivers. Technical failures and unfriendly
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features were the major limitations of using EATs. Better designs as well
as training and education were suggested by both older adults and
(informal) caregivers.

In a review on the use of EATs for a different target group, i.e.,
people with Alzheimer’s disease and other dementias, only three ran-
domized clinical trials (RCTs) were identified [23]. And for using ATs
for memory support in dementia, no evidence was found [43]. In a
similar review, the author also concluded that “There was a significant
lack of evidence on the effectiveness of using EATs to support people with
dementias in their living environment” [20].

The EATs used in the included studies are similar to those reported
in other reviews [20,23], but the range is limited. Using other types of
EAT may further improve the physical, mental and social well-being of
solo-living older adults. For instance, for older adults in assisted living
communities, Internet usage was associated with lower levels of lone-
liness [44]. Through careful design, social media can also help older
adults overcome loneliness, or could even be used as an emergency
alarm [45]. Further research is needed on how engaging solo-living
older adults and their caregivers in the design and use of EAT(s) might
improve their effectiveness in relation to physical, mental and espe-
cially social wellbeing.

Factors that influence the adoption of EATs identified in this review
are similar to those described in a model for technology adoption by
people with dementias [46]. However, new elements are identified: 1)
the cost of EATs for solo-living adults, and 2) the “new generation” of
older adults as well as informal caregivers, who are more acquainted
with technology. In the UK, the proportion of single-household older
adults (65+) using the internet rose from 36% to 59% between 2012
and 2018 [47]. “Everyone that is older should have one” is one of the
comments of caregivers when they were evaluating a remote-controlled
video-communication robot [36]. Such factors may increase the ac-
ceptance of future interventions delivered by EAT devices/services.

While the principle of engaging users in the general design and
development of EAT is often adopted [40], the option of personalized
interventions was suggested by several studies [32,34,38]. Enabled by
the development of technology, EAT is able to monitor personal ac-
tivities in real-time, e.g., continuously measuring in-home older adult
activity regarding the numbers of steps, mean speed, etc [32,48]. It can
be expected that personalized digital interventions can be delivered
through EAT in order to improve the wellbeing of older adult and to
increase the satisfaction of their (formal and informal) caregivers [49].
Besides, in the design of EAT, special attention should be paid to older
women, as women constitute the majority (˜66% in the included stu-
dies) of single households. Ethical issues for older adults, especially
persons with dementia, in the use of EAT should be addressed as well
[50].

As far as the design and user-friendliness of EAT is concerned [51],
limitations and failures have been reported. For example, in the setting
up of a stove timer for older adults, there was a lack of specified re-
commendations for the appropriate time setting in one-fifth of the cases
[34]. The failures of EAT can be associated with the method of de-
ployment, the method of use, as well as the complexity and the relia-
bility of the technology. In the design, development, deployment and
use of EATs, using different AT assessment methods might minimize
those problems [52].

The current review focused on single households of older adults,
and just a few studies addressed this topic. This may have limited the
evidence resulting from this review. In the selected 16 studies, only six
evaluated the effectiveness of the EAT-based intervention with a follow-
up, so much information might be gained from better study design,
including education and practice, and follow-up.

5. Conclusions and implications for practice and future research

Although the numbers of community-dwelling solo-living older
adults are increasing continuously, the effectiveness of the use of EAT in

older adults’ homecare is only starting to be evaluated. Research in this
field is interdisciplinary in nature, as the interventions are diverse.
Researchers have tried to improve the physical, mental and social
wellbeing of older adults using different types of EATs; however, evi-
dence is scant compared with the variety of EATs, especially on social
wellbeing. We conclude that better design of EATs, with embedded
personalized interventions and more user engagement, better deploy-
ability, usability and reliability, and the better tolerance of errors in
use, are needed for older adults. Concrete evidence on how using EATs
can improve the physical, mental and social wellbeing of community-
dwelling solo-living older adults is needed.
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