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ABSTRACT Smart home technology implementation remains an essential aspect of Internet of Things (IoT).
It provides needed living support and convenience for elderly people in society. Despite the remarkable
achievements in smart home monitoring technology studies, a systematic literature review (SLR) on smart
home technology implementation is lacking. There is a limited number of SLR studies on smart home
monitoring technology. Therefore, the current study assesses the literature to collect the evidence regarding
studies on smart home monitoring technology implantation. An SLR method involving a manual search was
applied to review the articles published from January 2010 to December 2019. To carefully classify these
articles accordingly, we applied certain quality assessment criteria. Out of 73 relevant primary studies, only
3% were identified to have applied comprehensive SLR guidelines. Seven percent of the relevant studies
were identified to have applied the SLR guidelines in a strongly moderately acceptable manner, but they
were not completely comprehensive, whereas 8% of the primary studies applied the SLR guideline in a
fairly acceptable manner. This manuscript therefore encourages researchers working on SLR studies on
smart home technology to apply comprehensive SLR guidelines that takes into account the quality standard.

INDEX TERMS Internet of Things, smart home technology, elderly people, systematic literature review,
monitoring technologies.

I. INTRODUCTION
Smart home technologies are essential for improving living
standards among the elderly. As times passes, the number of
elderly people in various families and communities increases.
For instance, [PS27] reported that the population of elderly
people is likely to reach 21% of the world’s population
in 2040. However, some developed countries like the United
States of America, Germany, France, Italy and Japan are
concerned by the number of elderly people among their
populations [1]. In 1995, the United States Census Bureau
reported that the population of elderly people aged 65 and
above accounted for 12.8 % of the total population. The
forecast shows that by 2025, the population of the elderly
in the United States is likely to amount to one fifth of the
total population [1]. Similarly, in Japan, the population of
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the elderly aged 65 and above accounts for 16% of the total
population as at 1999 [1].

As the number of elderly citizens increases, there is a
likelihood that they will represent an increased burden on
healthcare as well as on social services. As such, there will
be increase in demand for services in terms of technolo-
gies to address the urgent needs of the aging population.
These technologies, when implemented properly, will not
only improve the quality of life among the elderly, but also
assist the caregivers in providing adequate services to these
elderly people in society. Undoubtedly, these senior citizens
need attention as well as the means to aid their daily activi-
ties. With emphasis on health care, smart home technologies
through the emergence of Information and Communication
Technology (ICT) can provide conducive living environments
for the elderly [PS51], [2]–[6].

Furthermore, with the increasing standard of evolution
in aspects of IoT, there are reliable devices and sensors
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embedded in the emerging technologies to address the numer-
ous needs of the elderly population [7]. These devices can
competitively offer reliable services as well as functionalities
that are appropriate in providing suitable health and social
benefits to the elderly through a smart home. A smart home
can be understood as an interaction between technology and
services that can be achieved through a home network for
better living conditions [8], [9]. Creating a smart home for the
elderly populace will in turn create significant benefits for the
inhabitants. For instance, (1) it creates an avenue for an easy
lifestyle; a therapy for peace of mind among the elderly and
those who take care of them. Through smart technology, one
can be alerted in the case of an emergency, (ii) certain wireless
communication devices such as Z-Ware and ZigBee have the
ability to provide some energy efficiency savings such that
these devices can automatically regulate their functionalities
based on command for use, which in turn reduces the utility
bills within the smart home [8], (iii) for the aging population,
smart home technology has the ability to notify the inhabi-
tants of the appropriate time for medication. In addition, most
hospitals may be notified in case of emergency for immediate
response, (iv) the smart home technology requires no formal
training and can be easily operated by the end user. Notably,
the smart home technology makes it possible for the elderly
to live in the comfort of their homes, particularly those aged
people with disabilities [9].

However, despite the remarkable achievements in smart
home technology research, a comprehensive and standard
record of studies on existing smart home health monitoring
technologies is lacking. To fill this gap, the current SLR study
is undertaken to discover the existing smart home healthmon-
itoring technologies being applied to improve the standard of
living among elderly citizens. The purpose is to review the
literature that followed a standard approach in their reporting
of existing smart home health monitoring technologies for
the elderly since January 2010 to December 2019, with a
specific focus on SLR articles. This period of timewas chosen
to reveal the latest smart home technologies, if any, in the
literature as well as to determine articles that followed a sys-
tematic reporting to support the decision making process for
the implementation of smart home technologies to meet the
needs of the elderly. Using articles that followed a systematic
literature review (SLR) process, the current study performs a
quality evaluation on these articles based on certain quality
criteria.

To clarified more on the use of terminology. Notably,
smart home as an interaction between technology and ser-
vices which can be achieved through a home network for a
better living condition as applied in the current SLR study
mainly targeted towards the elderly people. And as means of
providing long-term health monitoring as well as healthcare
service delivery [10], [11]. However, there are certain smart
home technology that serves both the elderly needs as well as
a general smart living condition. For instance, the emergency
detection and safety monitoring technology are of essence
in smart homes. Therefore, both smart home monitoring

technology and smart home health monitoring technology are
used interchangeably, but refers to the same measure.
The methodology is described in section 2 and in section 3
we present our results. In section 4, we answer the four
major research questions formulated in our SLR study, and
we present our conclusions in section 5.

A. EXISTING SMART HOME HEALTH MONITORING
TECHNOLOGIES
This section presents the existing smart home health moni-
toring technologies identified in the literature. Smart home
health monitoring technology utilizes certain electrical
devices, for instance, sensors as well as other gadgets con-
nected to the Internet of Things (IoT) which can be accessed
remotely and provide the needed feedback to satisfy the
end user. Some of the existing smart home health monitor-
ing technologies as reported by [9] includes: physiological
monitoring, functional monitoring/emergency detection and
response, safety monitoring and assistance, security monitor-
ing and assistance, social interaction monitoring and assis-
tance, and cognitive and sensory assistance, respectively.

1) PHYSIOLOGICAL MONITORING
This is a type of health monitoring technology that entails
assembling, grouping and investigating facts regarding phys-
iological conditions (the normal functioning of humans and
their body parts). For instance, blood pressure, sugar level,
respiration, body temperature and other vital signs that show
the state of essential body functions [12]–[15].

2) FUNCTIONAL MONITORING/EMERGENCY DETECTION
AND RESPONSE
This healthmonitoring technology involves accessing, group-
ing and measuring information regarding functional evalua-
tion in the human body. For instance, a person’s emotions,
manner of walking, amount of food intake, as well as other
daily activities [16]–[18]. On the other hand, emergency
detection is necessary and involves monitoring information
that may prompt an unusual or critical condition, such as falls,
which may also cause serious injuries [19], [20].

3) SAFETY MONITORING AND ASSISTANCE
Safety monitoring and assistance involves analyzing data
and measures regarding the detection of environmental dan-
gers that may pose a potential threat to the surroundings
and consequently result in an adverse effect on human
health [21]–[24]. For instance, a gas leak or fire. When such
situations arise, safety assistance is provided to ensure human
safety at all times. A good example, as noted earlier, is the
ability to turn off gas when a leak occurs.

4) SECURITY MONITORING AND ASSISTANCE
Security monitoring and assistance involves both security
and event monitoring, which deals with detecting as well as
analyzing information regarding human threats or suspicious
movement within an environment [25]–[28]. In the event of
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TABLE 1. Lists of smart home projects.

unauthorized behavior, the security monitoring system raises
an alert for necessary measures to be taken while ensuring the
safety of individuals.

5) SOCIAL INTERACTION MONITORING AND ASSISTANCE
Social interaction includes interaction with friends online,
phone calls, and movies. The monitoring technology for
social interaction provides the means to support these inter-
actions in a more convenient manner for individuals. For
instance, allowing the aging population to interact with their
grandchildren via online video communication as well as to
encourage independent living [29]–[31].

6) COGNITIVE AND SENSORY ASSISTANCE
Smart technology provides cognitive assistance to the elderly
in such a way that an automated reminder is programmed
to initiate a medication reminder or enable safe driving

behaviors as reported by the authors of [26], [32] and [33].
Through machine learning techniques, these monitoring sen-
sors can learn accurately while providing further assistance.
For in- stance, if an item like a house key is missing, these
sensors can precisely indicate the location of the lost item.
Also, these monitoring tolls can provide sensitive instruc-
tions as well as guide on how to use a specific gadget or
household appliances [34]. Other types of sensory assistance
include; hearing aids, sense of sight as well as sense of
touch.

The list of existing smart home projects, their locations,
the type ofmonitoring technology applied as well as the target
users are presented in Table 1. The need to present this list
of existing smart home projects cannot be over-emphasized,
because it is important to have a comprehensive number of
existing smart homes in the domain investigated in the current
study. In addition, it is important to aggregate the existing
projects as evidence to encourage researchers working in
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smart technology to report more smart home projects and the
technology enhancements applied in these projects.

II. METHODOLOGY
To achieve the objectives of the current SLR study, we fol-
lowed the standard and original guidelines proposed by
Kitchenham [54]. This section presents the method used to
undertake the current SLR of smart home technology imple-
mentation for the elderly. The stages of our methodology
include:

(1). Planning
(2). Formulation of research questions
(3). Search process
(4). Inclusion and exclusion criteria
(5). Quality assessment
(6). Data collection
(7). Data analysis

A. THE PLANNING STAGE
During the planning phase, we identified the steps necessary
for us to accomplish the objectives of the current study. At this
initial stage, we ensured that both the strategic and technical
plans were properly formulated. This would ensure that the
other phases of the proposed methodology were properly car-
ried out in an organized and standard manner. This planning
stage formed the basis for a successful implementation of the
proposed SLR methodology.

B. FORMULATION OF RESEARCH QUESTIONS AND THEIR
MOTIVATIONS
In this subsection, we present the research questions investi-
gated in the current SLR study as well as their motivations.
The researchers’ motivations come from the noteworthy
achievements of the work done in the smart home technology
domain. For instance [7], [55]–[57], [58], [59] have indicated
that smart home technology is essential to improve living
conditions for the elderly as well as those with disabilities.
The research questions RQs investigated in our study are:

RQ1. How many SLRs with primary studies on smart
home technology implementation for the elderly have there
been since 2010?

*Motivation for RQ1
It is important to investigate the number of studies on smart

home technology systematically reported in the literature.
Therefore, RQ1 is motivated by the need to aggregate the
number of SLRs on smart home technology in the past decade
that applied the comprehensive SLR guidelines.

RQ2. How do researchers working on smart home tech-
nology report the technology applied in smart homes for the
elderly?

*Motivation for RQ2
RQ2 is motivated by the need to discover the means by

which the researchers conducted and reported the existing
smart home technologies in the literature with emphasis on
improving the standard of living among the aging population.

RQ3. How do the reported smart home technologies
address the needs of the elderly?

*Motivation for RQ3
The motivation for RQ3 is to address the achievement and

results of existing studies on smart home technology to have
a clearer understanding of how each of the reported studies
on smart home technology addresses the needs of the elderly.
This quest to have a clearer view of the implementation of
smart home technologies motivated RQ3.

RQ4. What are the limitations of the current smart home
technology research?

*Motivation for RQ4
For RQ4, the motivation is the need to discover the short-

comings in SLR studies, if any, in the literature and in addi-
tion, to provide answers to the explicitly defined research
questions (RQ4.1 and RQ4.2) which raise concerns about the
lack of SLR studies in the current research domain.

To answer these research question, certain factors were
considered. First, to address RQ1, the researchers carefully
searched for SLR articles based on their topic areas related to
smart home technology implementation and also identified
other relevant information regarding such articles, includ-
ing the year of publication and the journal title. Second,
to address RQ2, the researchers focused on articles related
to existing smart home technologies and their application.
To address RQ3, we focused more on the output achieved in
the related articles chosen in the current study. With respect
to RQ4, the researchers were concerned with limitations of
current smart home technology SLR studies. To accurately
capture these concerns, RQ4 is split into two distinct sub-
questions:

RQ4.1. Are the existing SLR studies on smart home tech-
nology for the elderly limited in number?

RQ4.2. Is there evidence to support the claim that the exist-
ing SLR studies on smart home technology for the elderly are
lacking?

C. SEARCH PROCESS
In this subsection, we describe how each article was identified
for this study. For the purpose of extracting relevant SLR
studies on smart home technology implementation for the
elderly, a number of electronic databases were considered and
accessed. The list of databases searched and their correspond-
ing URL is presented in Table 1. Each article was extracted
from an electronic database using the conventional manual
search process from journals and conference proceedings
respectively.

To search these electronic databases, the researchers for-
mulated the following search string:
(Smart home OR smart homes) AND ( technology OR

technologies OR application OR applications) AND (moni-
toring OR tracking OR watching) AND (health OR healthy
OR state of health) AND (IoT OR Internet of Things) AND
(elderly OR advanced OR aging population OR senior OR
seniors OR aged OR old OR older OR older people OR older
citizens)
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FIGURE 1. Search process flowchart.

D. INCLUSION AND EXCLUSION CRITERIA
The studies included in this SLR were based on certain cri-
teria that determined whether a study met the condition for
inclusion, otherwise such a study would be excluded. One of
the important conditions each article was expected to meet
was that each needed to be written in accurate and under-
standable English. Articles written in a different language
were not included in the current study because such articles
would be difficult to read and understand. The list of criteria
for inclusion and exclusion is presented in Table 2

E. QUALITY ASSESSMENT
In line with the proposed methodology, this subsection
presents the quality assessment approach applied to evalu-
ate the quality of each article selected. The quality of each
article included in the current study is important in order to
ensure that high standard SLR studies related to smart home
technology are made available and to avoid bias in terms

TABLE 2. Lists of electronic databases searched.

TABLE 3. Inclusion and exclusion criteria.

of the quality of existing studies available in the literature.
In addition, it also encourages researchers to apply quality
checks while conducting SLR studies to aid the decision
making process. Using a quality assessment (QA) measure,
it may be easier to identify articles with reliable information
which can support the decisionmaking process in smart home
technology implementation projects. This study applied the
York University Center for Reviews and DisseminationCDR
Database of Abstracts of Reviews of Effect DARE criteria
that has been applied in several in- formation technology SLR
studies, for instance [54] and [60]. The (DARE) criteria was
based on four quality assessment questions QAQn namely:
QAQ1 which deals with inclusion and exclusion criteria.
QAQ2 which deals with the relevant literature/database

searched.
QAQ3 which deals with quality and/or validity of primary

studies.
QAQ4 which deals with study/design and description.
Each of these quality assessments is described according

to [54] as follows:
QAQ1. Are the reviews inclusion and exclusion criteria

described and appropriate?
QAQ2. Is the literature search likely to have covered all

relevant studies?
QAQ3. Did the reviewers assess the quality|validity of the

included studies?
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QAQ4. Were the basic data|studies adequately described?
To address these quality assessment questions, the

researchers assigned respective scoring criteria as follows:
First, we introduce Ywhich represents "YES", P which repre-
sents "Partial" and N which represents "NO". Further- more,
the quality scoring was done as follows: YES = Y = 1,
Partially = P = 0.5, No = N = 0. In relation to each
question:
QAQ1 = Y, if the condition in QAQ1 which deals with the

inclusion criteria are explicitly stated in the research study.
Partially (P) if the condition in QAQ1 is not clearly met in the
study and N = 0, if the condition is not met with no evidence
reported in the study.
QAQ2, Y = 1, provided an article is reported to have

obtained relevant information from not less than 5 digital
databases. P = 0.5 if the electronic databases searched is 3 to
4, N = 0, if electronic databases searched is less than 3.
QAQ3 = Y = 1, provided an article reports separately the

quality criteria as well as the research questions. P = 0.5
if such an article does not report both research questions
and quality assessment separately. N = 0, if no evidence of
quality assessment is reported.
QAQ4 = Y = 1, if the study is properly presented with

detailed description of basic data. P = 0.5 if partially pre-
sented and N = 0 if such an article lacks proper description
of basic data/studies.

F. DATA COLLECTION
To avoid conflicts of interest, the authors of this manuscript
explicitly and independently reviewed the studies included in
the study. However, during the review process, in a situation
where concerns were raised regarding an article, the authors
collectively agreed and addressed the situation. It is impor-
tant to note that much attention was given to articles which
address the research questions investigated in this study
as well those articles with conditions for both inclusion
and exclusion criteria respectively. The authors placed more
emphasis on the type of information extracted from each
article, with more attention to information related to smart
home technology implementation for the elderly as well as
relevant information on existing smart home projects. Certain
data were extracted from each article included in the study,
including the following;

1. The author(s) details.
2. The topic area.
3. Their institutions and country.
4. The details of the response to our research questions.
5. Year of publication.
6. Details of the quality assessment contained in each

article.
7. The type of publication and the number of primary

studies reported in each article.

With the objective in mind, we ensured that the cur-
rent SLR study applies the Preferred Reporting Items for
Systematic Review and Meta Analysis (PRISMA). The

FIGURE 2. Prisma digram.

PRISMA is implemented in the current study as a mea-
sure to show detailed information concerning the total num-
ber of articles considered in the current study, as presented
in Figure 2.

We focused on the specific information from each article
related to data pre-processing, cleaning, preparation, purifi-
cation and sanitization associated with the imbalanced exist-
ing data sets. Also, we considered articles that addressed
some ]state of the art data issues ]including: class imbal-
ance, data heterogeneity, high skewness, privacy, irrelevant
and redundant features, continuous data, collinearity among
metrics and noise in data. The data collected from each study
includes:

a. The Journal or conference source
b. The research scope and topic areas
c. Author(s) details with their respective institutions and

country where the paper was published
d. Summary of each study including the research ques-

tions and responses to each question.
e. Quality assessment of each paper
f. The number of primary studies applied in the paper.

G. DATA ANALYSIS
To ensure a clear understanding and presentation of the
data obtained from relevant articles included in this study,
the authors considered certain statistical tools. For instance,
tables were used in the current study to present the informa-
tion extracted from the primary studies, which attempts to
address our RQ1 and RQ2 respectively. Through a clearer
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TABLE 4. Primary studies.

presentation of studies related to smart home technology,
it will easier to identify studies that followed the SLR
standard. Also, the list of existing smart home technology
projects is presented clearly using tables. Other statistical
tools applied in the current study include: (i) a pie chart
to demonstrate the percentage of publications with corre-
sponding years and (ii) a bar chart to demonstrate clearly
the number of primary studies published within the period
selected for this study.

III. RESULTS
The authors present in this section the summary of the results
of the current SLR study based on the following key factors:
(i) search results, (ii) quality evaluation, and (iii) quality
factors.

A. SEARCH RESULTS
The search results are based on the series of search strings
presented in Section II. A total of 73 primary studies were sys-
tematically synthesized in the current SLR. This number was
achieved after vigorous screening of the articles selected in
the current study. Notably, the authors concentrated on studies
that met the inclusion criteria as presented in Section II. The
results obtained through our search process are presented
in Table 4 and 5, respectively. In these tables are the lists of the
primary studies included in the current SLR, which show the
following: meta date, the study id, authors, topic area, their
corresponding institutions, countries, year of publication as
well as the publication type. Of the 73 included studies,
15 articles (21% of the total primary studies) were identified
as conference articles, whereas 58 papers were identified as
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TABLE 5. Primary studies.

articles in journals (79% of the studies). It it also important
to report that of the 73 articles, only 2 articles ([PS35] and
[PS47]) were identified as articles reported to to have applied
a comprehensive SLR guidelines. These 2 articles represent 3
% of the total studies included in the current study. It therefore
indicates a lack in SLR studies of smart home technology for
the elderly. We also wish to report that our search strings pro-
duced articles that were excluded. The reason for exclusion
is presented in the inclusion and exclusion criteria presented
in Section II.

The articles excluded were based on the set criteria for
exclusion. Note Articles written in a different language
than English language is excluded, articles published before
2010 were also excluded, article that are not related to smart
home technology or smart home health monitoring technol-
ogy were also excluded. In addition, any article or articles
which does not address any of the research questions were
also excluded. Whereas articles that met the inclusion criteria
were included.

B. QUALITY EVALUATION
As pointed out earlier, this SLR study applied the York
University Center for Reviews and Dissemination (CDR)
Database of Abstracts of Reviews of Effect (DARE) criteria
to assess the quality of the studies. This quality evaluation
criteria has been applied in previous studies, for instance [54]
and [60]. The authors of the current manuscript accessed the
individual quality scores of all 73 primary studies. The results
obtained by each study are presented in Table 7. The results
show that based on the 4 quality assessment questions, an arti-
cle scores at least 0.5 out of 4. Of the 73 studies, only 2 studies
scored a total of 4 in terms of quality. These 2 studies were
found to have applied the SLR guidelines accordingly. Eleven
studies achieved a score of 0.5, which represents 15.1% of the
primary studies, 28 achieved a quality score of 1 representing
38.4% of the primary studies, 12 achieved a quality score
of 1.5 representing 16% of the primary studies, 5 achieved
a quality score of 2 representing 7% of the primary studies.
4 studies achieved a quality score of 2.5 representing 5.5%
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TABLE 6. Primary studies.

of the primary studies, 6 achieved a quality score of 3 repre-
senting 8% of the primary studies. 5 achieved a quality score
of 3.5 representing 7% of the primary studies, as presented
in Table 11. Figure 3 presents the number of publications
with corresponding year. We then present the percentage of
primary studies with corresponding years in Figure 4.

C. QUALITY FACTORS
Other quality factors evaluated in the current SLR include: the
total quality score of publications with corresponding years,
mean quality score, the standard deviation, percentage quality

score of studies with corresponding years as well as the per-
centage of primary studies, with corresponding year of publi-
cations as presented in Table 8. In addition, the average qual-
ity score for studies according to use of comprehensive SLR
guidelines is presented in Table 9. In Table 10, we present the
number of studies and their percentages according to the type
of publications.

As a major step towards quality assurance, researchers
working on systematic literature review studies should imple-
ment the quality assessment criteria to ensure a high qual-
ity and reliable findings. Such reliable findings can assist
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TABLE 7. Studies addressing research questions.

stakeholders in decision making processes. In addition,
a research finding based on quality criteria can build con-
fidence on other researchers working on the same domain
and as such, may lead to knowledge discovery. Another
measures that can be applied to improve the quality assess-
ment is by applying the existing standard quality assess-
ment criteria which can lead to additional quality criteria
while improving the standard of research work. Notably,
the need to apply the York University Centre for Reviews
and Dissemination (CDR) Database of Abstracts of Reviews
of Effect (DARE) criteria is because of its vigorous
and strict criteria which was initially based on clinical
standards.

TABLE 8. Quality assessment evaluation.

IV. DISCUSSION
In this section, the authors present answers to the research
questions formulated in Section II. Notably, four research
questions were formulated in this study.
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TABLE 9. Average quality scores of studies by year of publication.

TABLE 10. Average quality scores for studies according to use of
comprehensive SLR guidelines.

TABLE 11. Number of studies according to publication.

FIGURE 3. Number of publications with corresponding year.

A. HOW MANY SLRs WITH PRIMARY STUDIES HAVE
THERE BEEN ON SMART HOME TECHNOLOGY
IMPLEMENTATION FOR THE ELDERLY SINCE 2010?
In this study, a total of 73 primary studies related to
smart home technology implementation for the elderly were
included. The authors obtained these primary studies from
the list of the electronic databases searched. From the syn-
thesized results obtained, only 3% of the primary studies was
identified to have applied the comprehensive SLR guidelines
originally proposed by the authors of [10]. Of the relevant
studies, 7%was identified to have applied the SLR guidelines
in a strongly moderately acceptable manner. This 7% were
identified through their respective quality scores of 3.5 each,

FIGURE 4. Percentage distribution of primary studies with corresponding
years.

whereas 8% of the primary studies applied the SLR guideline
in fairly acceptable manner with a quality score of 3 each. The
details on the number of studies and their corresponding
quality scores are presented in Table 11.

In addition, from the results obtained while answering
RQ1, we can conclude based on the number of SLR studies
on smart home technology since 2010 that the total number of
SLR studies not encouraging. Among these primary studies
included in the current review, we could not identify an article
which reported its primary studies separately from the general
references included in the paper. Therefore, we note that the
number of studies that applied SLR guidelines while report-
ing smart home technology implementation for the elderly are
very low and varies from year to year. However, the authors
of the current manuscript encourage researchers working on
smart home technology for the elderly to allocate more time
to reporting their findings systematically to support decision
making on smart home technology implementation for the
elderly.

B. HOW DO RESEARCHERS WORKING ON SMART HOME
TECHNOLOGY REPORT THE TECHNOLOGY APPLIED IN
SMART HOMES FOR THE ELDERLY?
Based on the topic area, the 73 primary studies were selected
according to the following smart home technologies: physio-
logical monitoring, functional monitoring/ emergency detec-
tion and response, safety monitoring and assistance, security
monitoring and assistance, social interaction monitoring and
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TABLE 12. Quality scores with corresponding number of publications.

assistance, and cognitive and sensory assistance, as presented
in Table 4. The list of articles indicates how researchers work-
ing on smart home technology report the technology applied
in smart homes for the elderly. Through these reported tech-
nologies, we identified six smart home health monitoring
technologies discussed in the literature.

C. HOW DO THE REPORTED SMART HOME
TECHNOLOGIES ADDRESS THE NEEDS OF THE ELDERLY?
The list of smart home technologies for the elderly has greatly
improved the quality of life among elderly people. In terms
of safety and independent living, the authors of [55], [56]
and [61] ] reported how smart home technology has impacted
the lives of the elderly in their daily living conditions and
pointed out the need to improve the available smart technolo-
gies to meet the demands of the elderly. Some of the reported
technologies have also saved the lives of the elderly in the
case of emergency assistance; the smart home technology
has the ability to raise the alarm when such emergency cases
arise [62]. In response to RQ3, the summary of existing
smart home health monitoring technologies as presented in
Section I explains how these technologies address the specific
needs of the elderly.

D. WERE THE RESEARCH TOPICS LIMITED IN NUMBER?
There are two distinct sub-questions that comprise RQ4. The
first, RQ4.1, deals with whether the existing SLR studies on
smart home technology for the elderly are limited in number.
The second, RQ4.2, deals with any evidence to support the
claim that the existing SLR studies on smart home technology
for the elderly is lacking. During our search process, a lot
of articles on smart home technology implementation for
the elderly were returned according to our search strings.
However, not all of these articles were included as result of
the set criteria in the current SLR study. Having analyzed the
included primary studies, there is enough evidence to demon-
strate that SLR studies of smart home technology are lacking.
This evidence may be drowned out by that of the 73 primary
studies, as only 3% of the studies have enough evidence that
SLR guidelines were appropriately applied. This mere 3% of
studies with evidence of SLR is certainly not encouraging.
As such, more attention is required on issues regarding the
elderly in society, and more emphasis on reports such as this
SLR that will assist in the decision making process on smart
technology implementation. The authors therefore encourage
future researchers embarking on SLR to apply the preferred
SLR guideline to ensure high quality SLR within the smart
home technology domain.

V. CONCLUSION
To ensure high quality reporting of smart home technol-
ogy implementation for the elderly, a total of 73 primary
studies were identified in this study. Of the 73 primary
studies, 3% applied comprehensive SLR guidelines with
quality scores of 4. Only 7% of the relevant studies was
identified to have applied the SLR guidelines in a strongly
moderately acceptable manner, but, not completely compre-
hensively. This 7% of articles identified received respec-
tive quality scores of 3.5 each, whereas 8% of the primary
studies applied the SLR guideline in a fairly acceptable
manner with quality scores of 3 each. A better decision
making process would be achieved if all SLR studies on
smart home technology apply complete SLR guidelines that
takes into account the quality standard. By so doing, it will
be very helpful to both the stakeholders and decision mak-
ers working on smart homes to appropriately allocate the
available smart home projects. By so doing, we strongly
believe that the living conditions among the elderly will
improve.

To allow room for future improvement, the authors of the
current study report a number of limitations. For instance,
during the search process, the authors limited the search
articles to those from international journals and conferences.
Also, while reporting on existing smart home projects, there
may be more or even newer projects that not available to
us and may have been omitted unintentionally. However,
in future work, the authors hope to widen the search scope
with an automated search included, to enable us receive alerts
on newer publications. We hope to undertake a new study
on smart home technology for the elderly before the end
of 2020 to keep track of the number of SLR studies with
comprehensive SLR guidelines on smart home technology for
the elderly.
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