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ABSTRACT Smart home devices have great potential for supporting older adults’ health, safety, and
independent living. Past reviews have identified only a few studies on the use of smart home devices for
older adults and reported low technology readiness levels for the devices. This article presents a systematic
literature review to identify the devices that have been used in studies with older adults, the setting in which
those devices have been tested, the evaluation methods of the existing user studies, and the limitations.
[Method] ACM DL, Scopus, PubMed, and IEEE Xplore were searched for a set of different keywords that
included smart home sensors and older adults. The search was limited to ‘‘past ten years’’ (from the search
date). Articles written in English that included user studies evaluating smart home devices with older adults
were included. PRISMA guidelines were followed. [Results] 3847 unique articles were identified, 48 of
which were included in the review. The articles represented research from a large range of countries. The
majority of the studies evaluated the devices in participants’ homes, followed by research lab settings. A few
articles used other settings such as care centres and hospitals. The studies mainly evaluated the performance
of the systems, followed by users’ evaluations, such as perceptions and acceptance. Many studies had long-
term interactions (more than a month). [Conclusion] there are still limited studies on the impact and benefits
of smart home devices on older adults’ quality of life, health, or well-being. Future studies are needed to
better understand these benefits.

INDEX TERMS Smart homes, older adults, smart home devices, systematic review, research gaps.

I. INTRODUCTION
The average age of the world’s population is increasing
steadily and the proportion of older adults in the world
is expected to double by 2050 [1]. While many older
adults can live independently, aging is associated with major
challenges and disabilities, affecting people’s independence
and quality of life. Smart home devices and environments
have a great potential to improve multiple aspects of older
adults’ lives (e.g., health and independence). However, the
work on designing and evaluating smart homes that can
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successfully support older adults is still limited. A recent
review of the literature found the technology readiness levels
of smart homes to be low [2], which could be a key factor
affecting their success. Due to this low level of readiness,
it is reasonable to expect that studies that directly evaluated
smart home devices’ interactions with older adults are also
relatively limited.

Smart home environments can havemany benefits for older
adults. Aside from the sense of control [3], security [4],
and confidence [4], they can support older adults’ physical
and mental health, e.g., by detecting adverse events such as
falls [4], supporting older adults in staying at home longer,
helping older adults to stay connected with younger relatives,
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and notifying relatives about situations that may pose a threat
to an older relative’s health. Understanding how older adults
perceive and interact with smart home environments is a
necessity for the development of smart home environments
that are desirable for and adopted by older adults. Because of
the potential of smart homes in improving the lives of older
adults, in this article, we review existing studies evaluating
smart home devices with older adult participants to better
understand (a) the existing findings of in-person user studies
with older adults, (b) types of devices that have been used
in studies with older adults, (c) limitations of the existing
studies, and (d) research gaps.

Over the past decade, several review articles have
addressed a variety of specific topics related to smart home
sensors, smart environments, and remote health monitoring,
with some focusing specifically on older adults [2], [4], [5],
[6], [7], [8], [9]. Chung et al. reviewed ethical considerations
and issues related to the use of smart home devices by
older adults [7]. Based on the sixteen articles included in
the review, it was concluded that privacy and obtrusive-
ness issues were the most important factors affecting the
adoption of smart homes [7]. Pal et al. [8] presented a
systematic review of how smart home devices were used for
improving older adults’ quality of life, in a home setting.
Five categories were identified as the ‘‘purpose’’ of smart
homes for older adults in the review: (1) health monitoring,
(2) environmental monitoring, (3) providing companion-
ship, (4) social communication, and (5) recreation and
entertainment [8]. This review presented the themes of
how the smart homes were implemented and what their
purposes were, as opposed to studying their effects on
older adults’ quality of life. Security and privacy were
found in five of the reviewed articles to be crucial for
designing smart home solutions [8]. Choukou et al. pre-
sented a scoping review to study users’ acceptance and
intention to use, as well as perceptions of usefulness and
ease of use of ambient assisted living technologies [9].
The review concluded that older adults have concerns
about the adoption of the technologies while they find
them to be useful [9]. A lack of standardization in the
assessment of assisted living technologies was identified,
and the use of mixed-method research was encouraged
for research on the usability of these technologies [9].
Some of these barriers to acceptance of smart homes and
smart home monitoring were also discussed in a review by
Liu et al., which included privacy concerns and technical
issues [2]. This systematic review investigated the evidence
for using home health technologies for supporting aging, with
a focus on the readiness levels of those technologies [2].
Monitoring daily activities, mental health, heart conditions,
and cognitive decline were reported to be the most common
applications of the reviewed home monitoring technologies
for aging. However, the review argued that there was no
evidence on how these technologies could help address these
conditions [2]. The level of technology readiness was found
to be low [2].

In this article, we review studies that directly used and eval-
uated smart home devices with older adult participants while
not limiting the setting to any specific setting (e.g., research
labs or participants’ homes), and to further investigate smart
home devices that were directly used by/evaluated with older
adults. We also report on the application areas, settings, and
the evaluation outcomes. We discuss the limitations of the
existing studies, as well as research gaps that can be addressed
in future work. To the best of our knowledge, this is the first
systematic review that addresses user studies in a variety of
settings where older adults used/interacted with smart home
devices.

II. RESEARCH QUESTIONS
This review addresses the following research questions:

• RQ1: Which smart home devices have been evaluated
in past user studies with older adults?

• RQ2: In which applications have smart home devices
been used, and in which settings were they evaluated?

• RQ3: What were the foci of evaluations and what were
the outcomes?

• RQ4: What are the limitations of the reviewed studies,
which need to be taken into account as potential
considerations for using and evaluating smart home
devices for supporting older adults in the future?

III. SYSTEMATIC REVIEW PROTOCOL
PRISMA guidelines were followed for conducting this
systematic review [10]. In the following, we will discuss our
eligibility criteria, information resources, search strategy, and
data screening and charting processes.

A. STUDY SELECTION AND ELIGIBILITY CRITERIA
Peer-reviewed articles published in journals or conferences
were included. They had to (a) be written in English, and
(b) had been published during the past 10 years (up to the
time of data collection).

Since the focus of this review is on evaluations of smart
home devices with older adults, we only included articles
that involved user studies with older adult participants who
interacted with a smart home device. In order to focus
this review, and due to several existing review articles on
the use of social robots or other robotic technologies with
older adults (e.g., [11], [12], [13]), we only included studies
with robots if the robot was also connected with another
smart home device/sensor or was operating in a smart home
environment. If additional cameras and microphones were
only added to allow controlling the robot and monitoring
the safety of robot navigation then we excluded the study.
Similarly, we excluded articles that were solely focused on
the evaluation of a mobile application, unless it was used
to control smart devices. Below are more details about the
study’s inclusion and exclusion criteria:
Publication type: Studies published in conference proceed-

ings or as a journal article.
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TABLE 1. Inclusion and exclusion criteria.

Population: Older adults as participants. Note that the
definition of age for older adults differs in different countries,
therefore we relied on the authors’ categorization.
Device Type: Studies needed to have smart home devices

or sensors that were used by the participants.
Outcomes: Studied had to evaluate the system in studies

with older adult participants.
Table 1 shows the inclusion and exclusion criteria

of the study based on the above-mentioned eligibility
criteria.

B. INFORMATION RESOURCES
To be comprehensive and due to the multi-disciplinary nature
of the studies that we wanted to include in this review,
we searched four different databases: Scopus, PubMed, IEEE
Xplore, and ACM Digital Library. Google Scholar was not
used because of its limitations, such as limitations in the
search functionalities and its precision [14]. IEEE Xplore and
ACM Digital Library were selected to cover the literature
on smart home technologies. PubMed was selected to cover
the related literature on health/well-being where smart home
devices might have been used. Scopus was selected as it
covers literature in both domains.

C. SEARCH STRATEGY
The search terms were defined according to the study’s
inclusion criteria and included terms that met the older adults
and smart home criteria. These terms were informed based
on previous reviews that involved older adults and/or smart
home devices (e.g., see [15], [16]), and were cross-checked
by the liaison librarian for computer science at the University
of Waterloo who has extensive experience in conducting
systematic reviews. The search terms were then modified
based on each database. This resulted in the following search
terms: (‘‘smart home*’’ OR ‘‘home based technology’’ OR
‘‘home monitoring’’ OR ‘‘smart sensors’’ OR ‘‘domotics’’
OR ‘‘gerontechnology’’ OR ‘‘telesurveillance’’ OR ‘‘smart

technolog*’’ OR ‘‘smart building*’’ OR ‘‘Smart environ-
ment*’’ OR ‘‘Ambient Assisted Living’’) AND (‘‘older
adult*’’ OR ‘‘elder*’’ OR ‘‘senior*’’).

The final search was run on May 31st, 2021, covering all
articles that have been added to these databases until that date.
All databases were searched for title, abstract, and keyword,
modified for each database: title, abstract, and keywords were
searched in ACM and Scopus. All metadata were searched in
IEEE Xplore. Title, abstract, and MeSH terms (‘‘Geriatrics,
aging, aged, internet of things) were searched in PubMed.
We also limited the search to include articles published in
the past 10 years. The past 10 years filter was selected on
databases that allowed it (e.g., PubMed), and January 1st,
2011 was selected on those that required a date (e.g., ACM
DL).We also added a filter to only include articles in English.
In Scopus, we added a filter to only include articles published
in a journal or conference proceedings. Table 2 shows a
detailed example of the search used in ACM DL.

D. DATA SCREENING PROCESS
Our search resulted in a total of 5469 articles, which included
1621 duplicates. After removing the duplicates, a total of
3847 articles were left for abstract screening. The abstract
screening was performed in duplicates by two of the co-
authors (i.e., each paper was checked by two team members),
and in case of a conflict, it was either resolved through
meetings with both reviewers, or by getting a third opinion
from another co-author. A total of 3326 articles were removed
during the abstract screening process, and the full text for
three articles could not be retrieved. This left 518 articles.
We then conducted full-text screening on those articles to
check whether they met the inclusion/exclusion criteria. Each
paper was screened by one of the team members (later
checked by another member at the time of data extraction).
In case of uncertainty, the decision was made in a meeting
with 2 to 3 co-authors. This resulted in identifying a total
of 48 articles as eligible articles that met our inclusion and
exclusion criteria. Figure 1 visualizes this process.
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FIGURE 1. Data collection process visualized according to the PRISMA guidelines [10].

TABLE 2. Example of search queries - the query used in ACM DL.

E. DATA CHARTING PROCESS
Data charting was developed according to the research
questions and through multiple iterations. Data charting was
then tested by one of the team members and was finalized.
Data from the papers were extracted based on this chart, and
checked by another team member afterwards.

IV. RESULTS
The search identified a final set of 48 articles, 16 published in
conference proceedings (including two peer-reviewed articles
at a conference workshop and one extended abstract), and
32 journal articles. Figure 2 shows a word cloud created

based on the titles of these articles. As expected, and in line
with the scope of the search and search terms, ‘‘Home’’.
‘‘Monitoring’’, ‘‘Older adults’’, and ‘‘Evaluation’’ were the
most frequently used words in the titles of the reviewed
articles. Figure 3 shows the country of the authors of the
reviewed articles (one added regardless of the number of
authors. Note that in five cases the study was conducted
by researchers in different countries, in which case we have
added one count to the plot for each country. These articles
were: [17], [18], [19], [20], and [21]). The majority of the
articles were from researchers in France, Germany, and USA,
followed by Italy. The number of articles published each
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FIGURE 2. A word cloud presentation of the words used in the title of the reviewed articles.

FIGURE 3. Number of articles by authors from each country. Note that if a paper had authors from different
countries, it is counted for each of those countries in the figure.

FIGURE 4. Number of articles per year up to the time of search in 2021
(May 31st).

year is shown in Figure 4 (up to the time of data collection,
i.e., May 31st, 2021). Table A1 in the Appendix provides a
summary of each reviewed article.

A. RQ1 - SMART DEVICES AND SENSORS
Table 4 shows how often each type of smart home device
was used in the reviewed studies. In some cases, there was no
clear description of the device type beyond its purpose, so we
used the names and descriptions used in the reviewed articles.
Overall, the results suggested that a large range of smart
sensors and devices have been used in studies with older
adults, with infrared and motion sensors, contact sensors, and
smart lights being the most commonly used devices.

Table 3 shows more details about the devices that were
clearly specified in the studies. When creating this list, based
on the reviewed articles, we did not include microphones,
cameras (except for depth cameras), screens, and PCs,
as these devices are already extensively used in different types
of studies that are not focused on smart home devices.

Table 3 also summarizes Technology Readiness Level
(TRL) of each of these devices, which was determined by this
review (i.e., was not reported in the reviewed articles). In the
reviewed articles, TRL ranged from 6 (a level showing that
a prototype of technology is ready to be demonstrated in an
intended environment) to 9 (the highest possible TRL, where
the actual system is ‘‘flight proven’’), with the majority being
at TRL 9.1 This range was indeed expected, as this review
targeted user studies where the users actually used/interacted
with the systems, therefore requiring a higher TRL for the
devices.

Another information extracted and summarized in Table 3
is the purpose of each sensor. The purposes include, but were
not limited to, data collection (different types of data such as
electrocardiogram, pulse, blood pressure, etc.), detection of
events around the home (e.g., motion, door open/close events,
electric switch changes, fall detection, etc.), and providing
a user interface for interactions with devices and virtual

1Technology Readiness Levels were assessed by one of the co-authors
and confirmed by another co-author based on standard guidelines,
e.g., https://www.nasa.gov/directorates/heo/scan/engineering/technology/
technology_readiness_level for guidelines and definitions.
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TABLE 3. A summary of the sensors used in the reviewed articles. Note that TRL is measured based on the device used in the study (i.e., at the time that
the study was run). Price range and a link to the product is provided in case it was available. TRL: Technology readiness level.
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TABLE 3. (Continued.) A summary of the sensors used in the reviewed articles. Note that TRL is measured based on the device used in the study (i.e.,
at the time that the study was run). Price range and a link to the product is provided in case it was available. TRL: Technology readiness level.

assistants (e.g., Alexa2). The table also summarizes the price
range for each device, as well as a reference to the product,

2https://developer.amazon.com/en-US/alexa

if available. Note that this list only includes the devices in
articles that clearly reported the type of the device, whereas
many articles did not specify the device and only included the
purpose of the sensor (e.g., ‘‘a sensor to detect falls’’).
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TABLE 4. Devices included in the reviewed studies and how often each sensor/device was used in the studies.

B. RQ2 - APPLICATIONS AND SETTINGS
Figure 5 shows the study setting, as reported in the reviewed
articles. The majority of the studies used the devices in a
home setting, followed by a research lab. Note that some
studies used more than one setting, so more than one data
point represents them in Figure 5.

C. RQ3 - DATA TYPE, METHOD, AND OUTCOMES
Themajority of the studies used and reported the results based
on quantitative data (31 studies, see Figure 6). These studies
used various methods for the evaluation of the systems (e.g.,
speaker recognition rate [61], command recognition rate [20],
number of detected falls [27]), users’ evaluations and ratings
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FIGURE 5. Location used for evaluating the devices. The Y axis shows the
number of articles that used each location. Note that the research lab
category included two instances of research labs that were similar to a
real home.

of the system (e.g., usability [55], user satisfaction [55],
user acceptance [51], [63], or other impressions of the
system, such as safety [41]), or the system’s effect on
users (e.g., impacts on independence, performance, and
satisfaction [66]). Only two studies solely used qualitative
data for evaluations, which evaluated users’ opinions and
perspectives through interviews [49], [62]. A mixed method
was used in the remaining studies (17 studies), with similar
measures used in the above-mentioned studies to measure
different aspects of users’ perceptions (e.g., acceptability and
ease of use of the system [50]), systems’ performances (e.g.,
identification of atypical patterns in users’ activities [38]),
and effect on users (e.g., improvement in sleeping times,
reduction of anxiety and depressive symptoms [34] and
changes in personal well-being [36]).

The studies measured and reported on three different
general outcomes, described below and shown in Figure 7.
We followed the guidelines provided in [67] for identifi-
cation of these themes. Some studies had more than one
evaluation type, so more than one entry is then shown
in Figure 7.

Evaluation of the system: The majority of the articles
evaluated a technical aspect of the system (28 studies), such
as system performance, accuracy, or feasibility of using
the system. This included using data collected through the
system for training models predicting different aspects of
users’ health and well-being. Examples include correlations
between TV usage and mental health [37], early detection of
dementia [21], or assessing well-being based on users’ daily
activities [19]. Many studies evaluated accuracy, reliability
(e.g., [26], [32], [48]), or feasibility (e.g., [23], [28], [56]) of
using the smart home devices.
Users’ evaluation of the system: 20 articles studied users’
evaluations, including users’ acceptance (e.g., [17], [50],

FIGURE 6. Type of data used in each study. Note that this shows the data
type and, in some cases, statistical analysis or a proper qualitative
analysis might not have been provided.

FIGURE 7. System shows the number of articles that evaluated an aspect
of the system’s performance in the studies with older adults; User shows
the number of articles where the system was evaluated by the users;
and Effect shows articles that evaluated the effect of the system
on users.

[51]), opinions (e.g., [35]), preferences, perceived ease of use
(e.g., [50]), and perceived effectiveness (e.g., [32]). These
were measured through various methods such as question-
naires, interviews, and observations. Questionnaires included
both self-designed and standard questionnaires. Examples
of standard questionnaires were: Privacy Attitudes Ques-
tionnaire (PAQ) [68], Negative Attitudes towards Robots
(NARS) questionnaire [69], system usability (SUS) [70], and
Godspeed [71].3

Evaluation of the effect of the system on older adults:
This category received significantly less attention in the

3http://www.bartneck.de/2008/03/11/the-godspeedquestionnaire-series/
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past literature compared to the evaluation of the system
or users’ evaluation of the system (p < .01 based on
binomial tests), with only four articles evaluating the effect
of using the system on users [34], [35], [57], [66]. These
studies suggested improvements in cognitive function [35],
sleep quality [34], [35], daily activity [34], [35], personal
hygiene [34], reduced TV usage [34], reduced anxiety
and depressive symptoms [34], improved social life and
interaction with the others [34], and increased functional
independence [66]. One of the studies [57] reported both
an increase and decrease in comfort when performing
activities while being monitored [57], which was affected
by the device type (e.g., camera vs. mobile robot) and
the type of activity (e.g., intimate vs. dangerous). The
findings also suggested privacy concerns of users and
reported changes in older adults’ behaviours for enhancing
privacy (e.g., censoring speech in phone calls or hiding
an image from the camera which was meant to be a
surprise gift card for the caregivers) [57] (see associated
systems used in each study in Table 3 and Table A1 in the
Appendix).

D. RQ4 - LIMITATIONS OF PREVIOUS STUDIES
Reviewed articles emphasized a range of different limitations.
The limited number of participants was one of the most
commonly mentioned limitations in the studies [20], [24],
[33], [35], [36], [37], [38], [40], [55], [56], [58], [63].
As many of the studies were conducted in participants’
homes, and as our review only focused on studies with
older adult participants, challenges with recruitment of larger
groups of participants are, to some extent, expected.

Similarly, having samples/sample sizes that may not
reflect or be sufficient for using the system in the actual
context were reported as limitations by many studies
[29], [49], [58], [58], [63]. These challenges included having
technology-conscious older adults [49], being affected by
a specific study region [36], [62], [63], or not having a
random participant sample [29], [40]. These challenges are
common in many user studies where technology is used and
evaluated as participants self-select participation in studies
(also pointed out by [36]). Involving the same participants
in multiple sessions [41], lack of a control group [65],
or before and after studies [56], and having participants that
were not balanced in terms of gender [23], [41], [46], [63],
or other demographic characteristics of the sample, were also
identified as limitations of the reviewed studies.

Technical challenges occurring while running the studies
were also among the most commonly mentioned limitations
of the reviewed studies [20], [23], [26], [39], [42], [46],
[59], [62]. These included challenges in the detection of
participants [26], recognition of participants’ speech [59],
problems with connectivity [42], or challenges whenmultiple
people were present at home (e.g., [23], [28], [39];
for identifying different individuals, recognizing their
activities, etc.).

The short duration of the studies [38], [47], [55] was
also emphasized in some of the reviewed articles as
limitations, a challenge that is faced in many other studies
when assessing technologies (e.g., social robots [72]),
while other articles conducted long-term (months or years)
evaluations of the systems. Similarly, not having a real-
world setting was a limitation in some of the reviewed
studies [61], [62], while many others evaluated the sys-
tems in an actual home environment (see Figures 5 and
Table A1).

V. DISCUSSION, GAPS, AND FUTURE DIRECTIONS
We reviewed articles published in the past ten years where a
smart home device was used and evaluated in studies with
older adult participants. We presented an overview of the
existing smart home devices used in the reviewed studies. The
applications and settings of the existing studies, data types
and outcomes of the studies, and limitations of the existing
studies were discussed.

One major research gap that was identified in this review is
evaluating the effect of smart home devices on older adults’
quality of life, health, and well-being. The majority of the
articles tested and evaluated the performance of the smart
home devices, or studied users’ acceptance and opinions.
However, while improving quality of life and assisting older
adults were common research goals in most of the studies,
only a few investigated how smart home devices actually
affected the quality of life of older adults. This suggests
that despite the great potential of smart homes in improving
older adults’ lives, the research in this area might still be
in its infancy, and many more studies on the influence of
smart home devices on older adults’ lives are needed to
better understand the effects and benefits of these devices
for supporting older adults, and to understand factors that
can contribute to their effectiveness. This gap was raised
in a 2008 review by Demiris et al. (2008) [15] (published
14 years before this review). Demiris et al. (2008)’s review
included 20 articles, abstracts, and webpages, with most
studies focusing on feasibility and technical solutions, and
with a few tests in laboratory settings and with a limited
number of participants. Since then, we have seen a larger
number of user studies with older adult participants and in
different settings being published, with many conducted at
participants’ homes. However, despite the increase in user
studies and advancements in smart home devices, evaluating
the effects of smart home devices on older adults’ lives still
remains a challenging gap that needs to be addressed in future
work.

Aside from the limitations raised by the reviewed studies
(e.g., limited participants, gender imbalances, participants
with specific demographics, or limited data sample sizes),
one of the common limitations we found in the studies
was that they did not report the type of devices and
only reported on the data that the devices collected.
The device type is important information that should
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be reported, as it can affect the interpretation of the
results (e.g., understanding the accuracy of data collection,
participants’ preferences of specific products, etc.) and
allowing replicability of the studies. Another limitation
was that in some cases the methodology and results were
not described thoroughly, as was also pointed out in a
2013 review [27].

One of the common technical challenges, which was also
identified in a review by Liu et al. [2] was to account for
multiple residents, especially where users’ activities were
being monitored. This can limit the performance of the
existing systems to homes with a single resident. Future
studies on improving the performance of smart homes
with multiple residents can be beneficial in expanding
their potential for supporting older adults. This could also
influence the study setting. Most of the reviewed studies
evaluated smart homes in a home setting, followed by a
research lab, while other types of technologies, such as social
robots, have been more commonly tested at care centres.
This could be in part due to challenges related to having
multiple residents, as well as privacy and security issues
that can affect the adoption of these technologies in care
centres.

Therefore, aside from the need to have more studies on
the impact of smart home devices on older adults, it would
be beneficial to study how each of the devices can benefit
individuals in different settings (e.g., individuals’ homes,
a room in a care centre, or a common/shared area), and
how they need to be adjusted for different settings. Similarly,
privacy considerations may also be different according to the
setting and context. For example, [57] discussed a situation
where constant monitoring could reveal some information
that the user does not wish to share with caregivers (i.e.,
planning a surprise for the caregiver in this case [57]).
While in most of the existing studies researchers specified
the type and frequency of data collection, future studies
can consider empowering users themselves to control and
make decisions on the type and frequency of data collected
by the system (even if this means limiting the system’s
functionalities), which could lead to better acceptance and
adoption.

The reliability of smart home devices in user studies is
another important factor to consider, as also emphasized
in [7]. Many studies reported different types of technical
issues, which can affect the performance and acceptance of
the devices. Unlike the review by Liu et al., which found
the common readiness levels to be at TRL 6 [2], we found
high technology readiness levels for the devices used in the
reviewed studies, with the majority being at TRL 9, followed
by 7. This can be because the current review focused on
user studies with smart home devices, many of which were
conducted over a longer period such as weeks or months,
which requires a higher technology readiness level for the
devices used.

VI. CONCLUSION
This article presented a systematic review of user studies on
smart home environments and devices for supporting older
adults, which used or evaluated smart home devices in studies
with older adult participants. Results showed (1) a range
of devices that have been used in the studies with older
adults, along with information about the devices, (2) different
settings where the smart home devices were used/tested
in studies with older adult participants, (3) data types,
evaluations, and outcomes, and (4) limitations of the studies.
Based on these results we discussed research gaps and
directions for future work, such as limited user studies on the
impact of smart home devices on older adults’ lives, health,
and well-being, as well as limitations in participants groups,
technical challenges, challenges with supporting multiple
occupants, and limitations in reporting the methodology.
Overall, it appears that smart home environments have
great potential in supporting older adults, but significant
future work is needed to better understand their potential
impacts.

VII. LIMITATIONS
Our review had several limitations. While we attempted to
be comprehensive with our search queries and modified
them based on meetings with the Librarian for Computer
Science at the University of Waterloo, it is always pos-
sible that some articles might not have been found. For
example, they were not identified if they did not contain
any of the search keywords. Although our review only
included studies with the devices being used by actual
participants, to increase comprehensiveness, we did not
add any keywords for user studies and manually screened
the papers for including those that had user studies. This
resulted in a significantly larger number of papers for the
screening stage, prolonging the time of review. Further,
as the included reviewed articles were all written in English,
studies published in a language other than English were not
considered.

Different databases may apply a 10-year condition differ-
ently. For example, some allowed us to clearly define the
dates for the past 10 years (e.g., ACM DL), while others
did this automatically (e.g., PubMed). Also, as expected with
review articles, the past 10 years refers to the time that the
search was conducted (January 1, 2011 to March 31, 2021).
Further, we did not verify the validity of the methodology
and results presented in the reviewed articles and relied on
the authors’ reports. As there was missing information in
some cases, our results on the data type may only reflect
the type of data collected and not a proper data analysis on
that data.

APPENDIX
Table A1 provides a detailed summary of the reviewed
articles.
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TABLE A1. Summary of the reviewed articles. Lit. stand for the literature, citing the article, Ev. stands for evaluation, Dur. stands for Duration, and D Type
stands for the data/data analysis type. Under evaluation, UE stands for User Evaluation, SE stands for System Evaluation, and EF represents Effect on the
users (see Figure 7). Data shows data type gathered by the smart home devices for the purpose of the study (if any). ADL stands for activities of daily
living. Under D Type, Quant. stands for Quantitative and Qual. shows Qualitative. Note: for study location mentioned as ‘‘care centre’’, different wordings
have been used across different papers such as ‘‘nursing home’’, ‘‘long term care facility’’, etc. We used care centre for all, for consistency.
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TABLE A1. (Continued.) Summary of the reviewed articles. Lit. stand for the literature, citing the article, Ev. stands for evaluation, Dur. stands for Duration,
and D Type stands for the data/data analysis type. Under evaluation, UE stands for User Evaluation, SE stands for System Evaluation, and EF represents
Effect on the users (see Figure 7). Data shows data type gathered by the smart home devices for the purpose of the study (if any). ADL stands for activities
of daily living. Under D Type, Quant. stands for Quantitative and Qual. shows Qualitative. Note: for study location mentioned as ‘‘care centre’’, different
wordings have been used across different papers such as ‘‘nursing home’’, ‘‘long term care facility’’, etc. We used care centre for all, for consistency.
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TABLE A1. (Continued.) Summary of the reviewed articles. Lit. stand for the literature, citing the article, Ev. stands for evaluation, Dur. stands for Duration,
and D Type stands for the data/data analysis type. Under evaluation, UE stands for User Evaluation, SE stands for System Evaluation, and EF represents
Effect on the users (see Figure 7). Data shows data type gathered by the smart home devices for the purpose of the study (if any). ADL stands for activities
of daily living. Under D Type, Quant. stands for Quantitative and Qual. shows Qualitative. Note: for study location mentioned as ‘‘care centre’’, different
wordings have been used across different papers such as ‘‘nursing home’’, ‘‘long term care facility’’, etc. We used care centre for all, for consistency.
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TABLE A1. (Continued.) Summary of the reviewed articles. Lit. stand for the literature, citing the article, Ev. stands for evaluation, Dur. stands for Duration,
and D Type stands for the data/data analysis type. Under evaluation, UE stands for User Evaluation, SE stands for System Evaluation, and EF represents
Effect on the users (see Figure 7). Data shows data type gathered by the smart home devices for the purpose of the study (if any). ADL stands for activities
of daily living. Under D Type, Quant. stands for Quantitative and Qual. shows Qualitative. Note: for study location mentioned as ‘‘care centre’’, different
wordings have been used across different papers such as ‘‘nursing home’’, ‘‘long term care facility’’, etc. We used care centre for all, for consistency.
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TABLE A1. (Continued.) Summary of the reviewed articles. Lit. stand for the literature, citing the article, Ev. stands for evaluation, Dur. stands for Duration,
and D Type stands for the data/data analysis type. Under evaluation, UE stands for User Evaluation, SE stands for System Evaluation, and EF represents
Effect on the users (see Figure 7). Data shows data type gathered by the smart home devices for the purpose of the study (if any). ADL stands for activities
of daily living. Under D Type, Quant. stands for Quantitative and Qual. shows Qualitative. Note: for study location mentioned as ‘‘care centre’’, different
wordings have been used across different papers such as ‘‘nursing home’’, ‘‘long term care facility’’, etc. We used care centre for all, for consistency.
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TABLE A1. (Continued.) Summary of the reviewed articles. Lit. stand for the literature, citing the article, Ev. stands for evaluation, Dur. stands for Duration,
and D Type stands for the data/data analysis type. Under evaluation, UE stands for User Evaluation, SE stands for System Evaluation, and EF represents
Effect on the users (see Figure 7). Data shows data type gathered by the smart home devices for the purpose of the study (if any). ADL stands for activities
of daily living. Under D Type, Quant. stands for Quantitative and Qual. shows Qualitative. Note: for study location mentioned as ‘‘care centre’’, different
wordings have been used across different papers such as ‘‘nursing home’’, ‘‘long term care facility’’, etc. We used care centre for all, for consistency.

VOLUME 11, 2023 47153



M. Ghafurian et al.: Smart Home Devices for Supporting Older Adults: A Systematic Review

TABLE A1. (Continued.) Summary of the reviewed articles. Lit. stand for the literature, citing the article, Ev. stands for evaluation, Dur. stands for Duration,
and D Type stands for the data/data analysis type. Under evaluation, UE stands for User Evaluation, SE stands for System Evaluation, and EF represents
Effect on the users (see Figure 7). Data shows data type gathered by the smart home devices for the purpose of the study (if any). ADL stands for activities
of daily living. Under D Type, Quant. stands for Quantitative and Qual. shows Qualitative. Note: for study location mentioned as ‘‘care centre’’, different
wordings have been used across different papers such as ‘‘nursing home’’, ‘‘long term care facility’’, etc. We used care centre for all, for consistency.
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TABLE A1. (Continued.) Summary of the reviewed articles. Lit. stand for the literature, citing the article, Ev. stands for evaluation, Dur. stands for Duration,
and D Type stands for the data/data analysis type. Under evaluation, UE stands for User Evaluation, SE stands for System Evaluation, and EF represents
Effect on the users (see Figure 7). Data shows data type gathered by the smart home devices for the purpose of the study (if any). ADL stands for activities
of daily living. Under D Type, Quant. stands for Quantitative and Qual. shows Qualitative. Note: for study location mentioned as ‘‘care centre’’, different
wordings have been used across different papers such as ‘‘nursing home’’, ‘‘long term care facility’’, etc. We used care centre for all, for consistency.
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