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Abstract: Despite numerous benefits anddevelopments, smart home technology has not beenwidely
adopted by mainstream users. The purpose of this study is to suggest user‑centered smart home
design strategies to promote smart home adoption. This study has the following research goals:
First, it selects smart homedesign factors to promote adoption. Second, it examines the importance of
how users perceive smart home design factors. To achieve the goals, a user survey was conducted in
Korea. As a result, six items, including 38 subfactors, were suggested as smart homedesign strategies
to promote adoption: (1) creating an automated residential environment, (2) guaranteeing service
scalability and diversity, (3) increasing service accessibility, (4) improving the lifestyle balance of
potential users, (5) securing long‑term safety in relation to the use of systems and facilities, and
(6) reducing environmental load. The differences in user perception regarding the importance of
these factors were investigated. Based on a comprehensive understanding of smart home adoption,
this study proposes sustainability values for the factors influencing smart home adoption as they
focus on the ability of smart homes to address user burden in terms of physical and spatial changes,
and also help to identify adaptations that can be incorporated tomeet the diverse needs of users. The
results of this study can improve the overall understanding of the process of adopting smart homes
and provide referencematerial regarding user perceptions of the performance conditions, functional
characteristics, and service operation and quality of smart homes.

Keywords: smart home; technology adoption; user‑centered design; user perception

1. Introduction
A smart home is an intelligent residential environment inwhich services are provided

to users through a variety of sensors, devices, and electronic appliances connected through
a network. The fundamental value of smart homes is in guaranteeing convenient living by
actively using information and communication technologies (ICT) that are centered on the
residential environment [1,2]. Typical benefits of smart homes that have been reported
in previous studies include integrated environmental management, automated residential
safety, energy optimization, and health care [1,3,4]. Smart homes can provide integrated
management functions by connecting different electronic appliances and devices and can
support all activities performed in a residential environment, including household work,
official work, rest, and entertainment [5]. In addition, smart homes can optimize energy
consumption in residential areas, reducing environmental burdens and economic costs [6].
The automated technology of smart homes can also support the safety and health of vul‑
nerable residents, such as the elderly and the disabled, supporting independent living in
the process [7,8]. In other words, smart homes can reduce environmental burdens, reduce
maintenance costs, support residents’ health and well‑being, and further achieve environ‑
mental, economic, and social sustainability in residential environments [9]. However, de‑
spite these benefits and recent developments, smart home technology has yet to be widely
adopted by mainstream users [10,11].
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In order to determine the cause of the slow adoption of smart homes, several re‑
searchers have suggested that a user‑centered approach is necessary. As part of a user‑
centric approach to studying smart home adoption, measuring the perceptions and needs
of potential users is critical. One of the key areas of this research is to identify the benefits
and barriers relating to smart homes. Previous studies have focused on the sustainability
value of smart homes as one of the major benefits and identified barriers due to which
potential users may be hesitant to adopt smart homes [3,7,12–14]. Several studies focus‑
ing on the challenges of smart homes that were conducted to address barriers to adoption
have noted the effects of performance and technological innovation on adoption, such as
interoperability, controllability, and automation [15–17]. However, due to the complex
interests surrounding the structure of smart homes, such as technology elements, service
content, and spatial requirements, the individual impact of innovative features of smart
home technology struggles to fully explain the complexity of smart home adoption. For
example, the environmental and cost burden of adopting a smart home is deeply related
to changes in the residential environment, such as installation, alteration, removal, and
residential movement, not just the purchase price [8,14]. In addition, the intent to adopt
smart homes tends to depend on individual characteristics, such as the perception of tech‑
nology or the effort required to use it [18]. Therefore, the adoption of smart homes should
be preceded by consideration of structural and behavioral variability in the context of the
residential environment.

Against this backdrop, this study was conducted to identify design factors that can
promote smart home adoption. In particular, this study focused on the ability of smart
homes to address user burden in relation to physical and spatial changes and identify adap‑
tations that can be made to meet the diverse needs of users in order to spread the adoption
of smart homes. The research objectives are as follows: (1) to derive design factors which
activate smart home adoption and (2) to structure these factors by identifying differences
in user perception for each factor. A literature review was conducted to select smart home
design factors and a user perception survey was conducted to identify the factor structure
and refine the scattered factors.

This study proposes sustainable values of factors influencing smart home adoption
and, by using a quantitative survey as a major research method, a smart home design
strategy including 38 subfactors is thus specified. This study can be useful in designing
smart home services, devices, and spaces as it suggests effective smart home implemen‑
tation strategies based on an exploratory approach to smart home adoption. In addition,
the findings of this study provide structured data on user perceptions of the performance
conditions, functional characteristics, and service operation and quality of smart homes.

2. Smart Home
2.1. Change in the Smart Home Environment

The initial stage of the smart home concept emerged as a product of future home de‑
sign. A smart home was defined as a residential environment in which inhabitants control
the devices connected to the wired home automation system [19]. Earlier smart homes
were not very common due to limited wired network technology and high device purchas‑
ing costs [20]. However, the increased supply of wireless networks, the reduced cost of
sensor technology, and the diffusion of smartphones stimulated interest in smart homes,
and currently the smart home market is growing in size based on the B2C model that pro‑
vides integrated services via individualized and diversified devices [21].

Currently, a platform ecosystem is formed by collaboration between different indus‑
tries, such as IT, semiconductor manufacturing, and the automobile industry, with a fo‑
cus on smart homes. The establishment of the collaborative ecosystem raised the need to
secure compatibility among different product lines in order to expand the number of de‑
vices that are inevitably connected. Smart home technology provides an open interface
for suppliers of other companies to develop new additional functional modules, through
open architecture, and easily connect the added modules [22]. In particular, smart home
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use has encouraged a high demand for connectivity and interoperability that can integrate
multiple modules and devices [23,24].

2.2. Studies on Smart Home Adoption
Studies have been widely conducted to investigate the factors promoting smart home

adoption so as to aid the effective supply of smart home technology. Technology accep‑
tance models (TAMs) were developed based on efforts to increase the usage of innovative
technologies among workers in the 1980s [25]. The models are based on the assumption
that identifying the factors forming the intention to use a technology and manipulating
such factors can accelerate technology acceptance and promote technology usage. Some
studies that attempted to expand the research model around TAMs sought to analyze the
impact of innovative smart home features on adoption by using the innovative diffusion
theory [26]. As a feature influencing innovation diffusion, compatibility has been widely
studied across various fields as an important factor affecting the adoption of innovative
technology [27]. Similarly, compatibility has shown a significant effect on smart home
adoption [16,18,28–30]. Furthermore, compatibility has been expressed in terms of the in‑
terconnectivity and interoperability of various devices, i.e., when multiple smart devices
and electronic appliances are connected to one another [31,32]. More specifically, the com‑
patibility of a smart home, which can provide integrated management functions by con‑
necting different electronic appliances and devices, offers great convenience to occupants
and is expected to have a positive effect on the intention to use [18].

Meanwhile, many attempts have been made to verify the influence of other smart
home system characteristics, such as automaticity, controllability, connectivity, mobility,
or observability; however, the effectiveness of these factors has provided a degree of con‑
troversy in the research field. For example, the automaticity of a smart home is known
to have a positive effect on adoption, as it ensures convenience in diverse aspects of life.
However, the expected effects of automaticity have not been supported in certain studies.
Yang et al. (2018) reported that most people generally desire a controllable smart home
system, rather than a completely automated one [31]. At the same time, the effects of auto‑
maticity in their study varied depending on the use experience and residential type, imply‑
ing that automaticity should be used as a strategy for particular user groups, rather than
as a generalized strategy. These results were supported in a study by Pal et al. (2018) that
was conducted among the elderly population; this population is generally expected to have
high demands for an automatedmanagement service in residential environments [17]. The
trends of prior research indicate the complexity of the smart home adoption process.

To identify the complex smart home adoption process, some studies have observed
the adoption impact factors from a broader perspective. Smart homes are complex en‑
vironments with various types of interactions (e.g., process, performance, management,
maintenance) and physical features (e.g., facilities, structure, materials, fabric), and also
have an extensive number of technical elements (e.g., devices, sensors, networks) [33–35].
From this perspective, some studies have identified the benefits and problems of smart
homes that may arise in the context of residential environments. For example, addressing
cost concerns is one of the key challenges of smart home adoption. In this case, the cost
is not only related to the purchase cost of the technology, but also to the overall burden
of the technology’s life cycle, such as installation, maintenance, replacement, and demo‑
lition [3,8,10,14,36]. In particular, cost concerns can also be associated with the burden
of spatial changes that follows the introduction of smart home technology, as complex
interests are intertwined with the residential environment, such as long construction peri‑
ods, ownership (ownership, sharing, lease, etc.), remodeling, and residential mobility. In
fact, it has been reported that the cost burden of advanced information technology is one
of the biggest barriers to technology adoption in the construction sector [37], and prop‑
erty ownership has also been reported as one of the barriers to the introduction of smart
meters [38]. Against this backdrop, the smart home market, which is growing based on
individual devices, suggests that the sweet spot lies somewhere between a traditional resi‑



Buildings 2022, 12, 1919 4 of 25

dential environment and a home automation‑based smart home, thus reducing the expense
for consumers [10].

Concerns about the difficulty of using this technology, or about the difficulty of main‑
tenance, were also considered as major barriers to adoption [12–14]. The physical and
psychological efforts required to use the same technology can vary by individual. In par‑
ticular, there are significant differences between those who possess an organizational and
technological basis for supporting the usage of new technology and those who do not. As
a smart home is centered around ICT and innovative information resources based on data,
appropriate support should be provided to ensure that all users of various levels of tech‑
nology can easily access the service [39]. Given that one of the major barriers to smart
home adoption is the concern surrounding complexity of use, it is expected that providing
guidance and appropriate support services will facilitate adoption and use [40,41]. Acces‑
sibility to technical support services is important, as there have been incidents of people
being hesitant to use services because of the financial and psychological costs of request‑
ing technical assistance [42]. In other words, when assistance is guaranteed, technology
adoption can be accelerated as the use of the technology becomes easier [43]. Assistance
services are also known to affect service quality and user satisfaction [44].

Several studies also found that reliability and security issues had significant effects
on the adoption of smart homes [14,15,17,28,31,32]. In order to reduce the impact of these
barriers on the adoption of smart homes, Brush et al. (2011) argued that strategic ap‑
proaches should be accompanied by reduced costs brought about by simplification of in‑
stallation, the facilitation of easy‑to‑understand operation, and the promotion of perceived
reliability [14].

All previous studies haveprovidedvaluable insights into designing better smart homes.
Previous studies have commonly argued that strengthening the benefits of smart home
adoption and removing barriers are effective in designing well‑integrated technologies in
residential environments and providing direct benefits to end users [3,10,14]. Overall, the
impact factors of smart home adoption are not only related to the innovative nature of
the system, but also to the facilitating and supportive characteristics of smart homes as an
architectural environment and a sustainable service.

2.3. Design Guidelines for the Diffusion of Smart Homes
Smart homes can meet the expectations of various user groups, such as single‑person

households, young couples, and dual‑income families [6], and are expected to contribute
greatly to supporting the independent lives of the elderly and disabled, which is why it is
necessary to apply flexible designs that are adjustable, easily used by anyone, and able to
meet diverse needs [45]. Accordingly, some countries or states have revised the detailed
criteria for housing designs based on universal design principles and sustainable strategies
and suggested guidelines that strongly recommend the adoption of a smart home system to
allow for Aging in Place among vulnerable groups [46–49]. These guidelines recommend
the adoption of various detection devices to help prevent safety incidents.

Meanwhile, Korea has continually been seeking the diffusion of smart homes, which
began with the installation of superhigh‑speed information and communication networks
and the supply of optical network apartments in the 1990s. The Korean government, in
2004, selected home networks as one of the 10 major growth engine industries and pro‑
moted their diffusion while also implementing the home network certification system that
has focused on wire communications since 2007 [50]. The smart home design certification
system, certified by the government, is implemented for the qualitative improvement of
smart homes, and the evaluation criteria generally focus on wiring and network perfor‑
mance and whether or not smart home devices are installed [51–53]. Guidelines in Korea
recommend realizing smart home compatibility through the application of standard crite‑
ria and integrations with various devices.

These guidelines are complementary to one another. For instance, the main purpose
of the guidelines in Korea is to guarantee the compatibility of devices and services. For
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example, they recommend installing wiring on home network facilities, installing user dis‑
plays such as wall pads, operating an integrated system, and interworking devices using
applications. On the other hand, there is relatively little consideration of ease of use [54],
which is known to be a factor that is highly influential in technology adoption. Universal
design principles suggest ways to promote the accessibility of various control devices in
the residential environment and advise that various services (visual notification alarms,
etc.) must be easily recognizable by all users.

Moreover, guidelines present criteria that can aid the diffusion of smart home adop‑
tion. For example, Korean guidelines emphasize the importance of facility management
that provides inhabitant support for technical issues, such as operational difficulty regard‑
ing high‑quality service maintenance, and strongly recommend adoption of remote tech‑
nical support services that easily connect users to external service providers.

As previously discussed, bearing the costs related to changing spaces also has amajor
impact on smart home adoption. To meet the diverse needs of users and different contexts
of use, flexible service design that is easy for everyone to use, adjustable, and responsive
to various needs is required [45,55]. Flexibility refers to the ability to appropriately pre‑
dict and respond to changes in situations and environments [56,57]. This flexibility relates
to the ability of smart home technology to adapt easily, especially at low cost, to changes
in user needs [3]. Against this backdrop, some guidelines have suggested ways to pro‑
mote the flexibility of residential space in relation to easily adapting to changes in demand.
For example, it is recommended to adequately arrange communication and power supply
points, such as electricity, phone, and power outlets, switches, and sockets, to allow for
changes in furniture layout and potential service expansions in the future; the application
of a flexible floor plan that allocates available space is also recommended.

In sum, these guidelines were developed for different purposes, such as for govern‑
ment legislation, market characteristics, and intrinsic design principles, but they all pro‑
vide criteria that can help to increase utility and secure the sustainability of the components
of smart homes (wiring, power supply units, control devices, user displays, wired/wireless
networks, integrated systems, building equipment, home appliances, installation space,
etc.), thereby suggesting comprehensive spatial design strategies that can lead to more
widespread smart home adoption.

3. Methodology
3.1. Factor Generation

A literature review was conducted to determine the design factors affecting smart
home adoption. The scope of the literature review included traditional smart home adop‑
tion studies and multinational smart home design guidelines as an exploratory approach
for the generation of factors. As a result, initial factors were generated, namely connectiv‑
ity, standardization, ease of use, integration, service scalability, the scalability of the tech‑
nology, variability, adjustability, polysensory design, diversity, real‑time performance, au‑
tomaticity, contextuality, controllability, and reliability (Table 1). In this process, some
factors were revised or merged with others. For example, ‘mobility’ of smart homes was
integrated with the ‘real time’ factor, considering that it is the same as providing real‑time
service anytime and anywhere.
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Table 1. Results of the literature review conducted for factor generation.

No. [46] [47] [48] [49] [51] [52] [31] [16] [28] [32] [18] [17] [15] [29] Selection Result Code
1 〇 〇 〇 〇 〇 〇 〇 〇 〇 〇 Selected CSP
2 〇 〇 〇 〇 〇 Selected CM
3 〇 〇 〇 〇 Selected CSE
4 〇 〇 〇 〇 Selected FT
5 〇 〇 〇 Selected CT
6 〇 〇 〇 〇 〇 〇 〇 〇 〇 Selected ASP
7 〇 〇 〇 〇 〇 〇 Selected AU
8 〇 〇 Selected FU
9 〇 〇 〇 Selected FSE
10 〇 Selected FSP
11 〇 〇 〇 〇

Integrated with
‘real time’

12 〇 〇 〇 〇 Selected AM
13 〇 〇 〇 〇 〇

Merged with
‘reliability’

14 〇 〇 〇 〇 〇 〇 Selected CU
15 〇 Selected FM
16 〇 Selected AT
17 〇 〇 Selected ASE

The initial factors were then specified based on the literature review. For example,
‘connectivity’ is a factor related to technological compatibility and can be achieved by func‑
tionally connecting smart devices with software and hardware (e.g., software and applica‑
tions, smartphones, tablets, PCs) or through integrated control of the residential environ‑
ment based on external service connections [17,18,58,59]. Through this process, 46 factors
were selected. Focus group interviews with researchers andmembers of academia (profes‑
sors and doctoral students) were then conducted to evaluate the suitability of the selected
factors. As a result, 12 out of the 46 factors were revised and 5 were merged with other
factors or deleted, ultimately deriving 41 factors (Table 2).

Table 2. Evaluation tool.

No. Variables Item Description

1 CT1 Apps for smart devices
Apps (applications) for smart devices that can control smart home

devices or check the status information of the devices must
be provided.

2 CT2 IoT connection scalability
Apps (applications) for smart devices that control at least 5 devices
(products) made by different manufacturers or that check status

information must be provided.

3 CSP1 Adequate place to install the power supply

All power outlets and power supplies must be located in adequate
places so that they are easy to use and the arrangement style,
installation location, design, style, and accessories must be

consistent throughout the entire residential space.

4 CSP2 Installation of network devices that do not
hinder network performance

Hub location, spatial structure, and materials must not hinder WiFi
performance (e.g., hub layout considers WiFi range, jammers and

interfering substances are removed, etc.).

5 CSP3 Standardized wiring
performance

Network facilities must use at least UTP Cat 5e 4P * 1 wiring or
power line modems and must consider the universal local network

performance (LAN, BAN, PAN, etc.) of general small homes.

6 CSE1 Place to install network facilities
Smart homes must consider the installation of smart home devices
that may be added in the future and must thus be designed with

empty joints to connect to power and data sources in major locations
such as windows and doors.

7 CSE2 Design of accessible
storage spaces for network facilities

Storage spaces with a power supply unit that are accessible and
have ventilation must be provided to accommodate the hubs for

various smart devices.

8 CU1 Proper form and
installation method of the switches

All types of switches (such as for lighting, security systems, heating
systems, etc.) must be in the form of toggles, lockers, or push button
switches and they must be easily recognizable and visually contrast

with the surrounding surface.
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Table 2. Cont.

No. Variables Item Description

9 CU2 Ease of use and
manipulability of switches and devices

All switches, power outlets, sockets, and other controlling devices
must be easily reached and manipulated with one hand.

10 CU3 Form and installation location of the
warning system

The control box and panels for the warning system must be installed
in places that are accessible to anyone.

11 CM1 Operation of
an integrated system

An integrated management system must be provided to synchronize
and optimize operations with various smart devices and systems.

12 FT1 Sufficient number of power outlets
A sufficient number of power outlets must be arranged in major

spaces considering the layout of furniture and home appliances that
may be added later.

13 FT2 Installation of the power supply unit
Various types of power supply units and data circuits must be
installed at the entrance, above or next to the window, or on the

baseboard to facilitate the installation of various automatic devices
(automatic curtain/blind opening systems, etc.) in the future.

14 FSP1 Use of modular furniture
Modular furniture must be actively used, making it possible to

easily remove or modify individual components so as to change the
location of the furniture later.

15 FSP2 Preparation
for remodeling Spaces must be planned to facilitate remodeling.

16 FSP3 Response to change in
inhabitant lifecycle The living space must be designed to easily change and expand later.

17 FSE1 Adjustable lighting The lighting system and brightness can be adjusted to multiple
levels through an adjustable system such as a timer.

18 FU1 Polysensory
warning systems

All warning systems must be easily recognizable and provide both
auditory and visual signals at the same time.

19 FU2 Use of braille signs
Braille signs must be used on remote control switches for various
home appliances such as washers, dishwashers, dryers, cookers,

microwaves, and boilers.

20 FU3 Voice recognition
controller

Devices must be used to directly or indirectly control smart home
devices through the reception of audio signals.

21 FM1 Diversity of the
integrated system

The integrated system must be interworked with various systems in
the residential environment in order to support

integrated management.

22 FM2 Diversity of operation and
maintenance duties

Operation and maintenance duties must be led by management in
various areas of the residential environment in order to efficiently

and economically operate and manage the building.

23 FM3 Control and
monitoring level

There must be a control and monitoring system for multiple
facilities to ensure efficient maintenance and management (e.g.,

cooling and heating facilities, water supply facilities, firefighting and
disaster prevention facilities, etc.).

24 AT1 Interactive monitoring and support service Real‑time interactive monitoring and support services must
be provided.

25 AT2 Real‑time management of the integrated
system server

Real‑time measures must be supported on‑site by enabling the
manager to easily monitor the condition of the server on the web or

via an application.

26 ASP1 Cooking equipment anomaly detection and
automatic shutoff

A cooking equipment anomaly detector (heat and smoke detection,
etc.) and automatic shutoff device must be installed.

27 ASP2 Leakage detection and
automatic shutoff A flood sensor and automatic shutoff valve must be installed.

28 ASP3 Gas detection and
automatic shutoff A gas sensor and automatic shutoff valve must be installed.

29 ASP4 Automatic lighting
control

A mobile sensor or bed pressure mat that automatically turns on the
light at night must be installed for the safety of elderly and

vulnerable individuals.

30 ASP5 Environment detection

At least one type of sensor must be installed (such as a pollutant
sensor, temperature and humidity sensor, or CO2 sensor) to

improve the living space, and the environmental information must
be provided to the inhabitants.

31 ASP6 Standby power supply system
A system must be installed that protects home network facilities by
supplying an emergency power source when the power supply is

cut off.
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Table 2. Cont.

No. Variables Item Description

32 ASP7 Standby power
cutoff devices

A standby power cutoff plan must be made for efficient and safe
energy use (e.g., installation of standby power automatic shutoff

power outlets, standby power cutoff switches).

33 ASP8 Electricity consumption data management
A system to send electricity consumption data to users and manage
the data (user displays, etc.) must be installed to prevent electrical
safety hazards (such as an overcurrent or leakage current) and

support easy power management.

34 ASP9 Electronic security system
In case there is an emergency such as intrusion or fire, there must be

a system that automatically detects and sends a signal to
the manager.

35 ASE1 Securement of safety
in wet areas

Safety incidents that could occur in the bathroom, restroom, and
laundry room must be prevented.

36 ASE2 Safety management of bedroom occupants
An infrared fall detection system and emergency alarm must be

installed to automatically detect and report safety incidents relating
to vulnerable groups.

37 ASE3 Automatic/remote‑controlled kitchen
appliances

Remote‑controlled kitchen appliances (smart ovens, smart
microwaves, etc.) must be installed for remote use and monitoring.

38 AU1 Front door open/close
detection and camera

A front door open/close sensor and front door camera must be
installed to manage the opening and closing of the front door and

check visitors.

39 AU2 Home viewer camera
Home viewer cameras must be installed to check real‑time videos of
the residential space in order to detect intruders and keep an eye on

companion animals and children.

40 AM1 Antivirus tool and
security for the server

Antivirus and security functions must be inspected for the security
of integrated system servers and protection against viruses.

41 AM2 Quality level of facility management
organization members

The quality level of the facility management organization and its
members must be maintained for efficient maintenance.

3.2. Factor Refinement
A user survey was conducted to refine the generated factors.

3.2.1. Subjects of Investigation
The survey was conducted on 250 adults aged 19 and above through a specialized

online survey company in Korea in 2021. In particular, to review the validity of design
elements, samples were collected from employees in industries related to smart homes,
such as manufacturing, construction and architectural design, information and communi‑
cations, and science and technical services industries. At least 200 samples are convention‑
ally recommended for factor analysis, and an adequate ratio of sample size and measured
variables is 5:1 or above [60,61]. The adequate sample size for 41 factors is N = 205, and
thus the total number of samples in this survey was adequate.

3.2.2. Evaluation Tool
This study extracted factors through a literature review and researchers reviewed

and included them as part of the evaluation tool for the survey. The extracted design
elements were designed to rate importance on a 5‑point Likert scale (1 = not at all impor‑
tant, 5 = very important). All respondents were asked to rate the importance of each factor
based on the following assumptions: “If my home is a smart home” or “I hope my home
changes this way”.

Moreover, for analysis of descriptive statistics, the demographic characteristics of
users (e.g., gender, age, average income, occupation and work period, education level)
and smart home service usage experiences were collected. The demographic characteris‑
tics and general matters are measured on a nominal scale.

3.2.3. Data Collection and Analysis Method
The survey was conducted as an anonymous online survey through a specialized sur‑

vey company. The questionnaire was distributed online and the respondents voluntarily
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participated and submitted their responses. The survey was approved by the Institutional
Review Board, and written consent was obtained from all respondents. The respondents
were provided with a detailed explanation of smart homes and each survey item. The sur‑
vey ended when the total number of responses reached the target, and the collected data
were used in statistical analysis. All surveys underwent data cleaning to eliminate incom‑
plete or poor responses. Insincere responses that were completed within a much shorter
time frame than average or where the same response to all items was recorded were elimi‑
nated. The data collected from the survey were used in statistical analysis using IBM SPSS
Statistics ver. 20.0 (IBM, Chicago, IL, USA) and JAMOVI ver. 1.6.23 (The jamovi project,
Sydney, Australia).

4. Results
4.1. Demographic Characteristics of Survey Participants

The demographic characteristics of respondents are as shown in Table 3. Among the
respondents, 60%weremen (N = 150) and 40%werewomen (N = 100). Further, 114 respon‑
dents were aged 31–40 (45.6%), followed by 25 aged 21–30 (10.0%), 75 aged 41–50 (30.0%),
27 aged 51–60 (10.8%), and 9 aged 61 and above (3.6%); none of the respondentswere under
20 years old. The average monthly income of paid workers in Korea as of 2018 was KRW
2.97 million (Statistics Korea 2020), and 143 respondents (57.2%) were earning between
KRW 2 million and KRW 4 million a month, followed by 23 (9.2%) earning less than KRW
2 million, 51 (20.4%) earning between KRW 4 million and KRW 6 million, and 33 (13.2%)
earning KRW 6million ormore. Regarding occupation, samples were collected from those
involved in industries related to smart homes based on the aforementioned purpose, and
there were 50 respondents in manufacturing, 50 in construction and architectural design,
50 in information and communications, 50 in science and technical services, and 50 in other
types of business. As forwork period, 8 respondents hadworked for (3.2%) less than 1 year,
47 (18.8%) hadworked for between 1 and 4 years, 85 (34.0%) hadworked for between 4 and
10 years, 85 (34.0%) had worked for between 10 years and 20 years, 23 (9.2%) had worked
for between 20 and 30 years, and 2 (0.8%) had worked for 30 years or more. The college en‑
trance rate in Korea as of 2018 was 69.7% [62], and 83.2% (N = 208) of all respondents were
college (university) graduates, followed by 26 who were high school graduates (10.4%),
and 16 who were graduate students or higher (6.4%). Only 6.8% (N = 17) responded that
they had used or were currently using related services.

Table 3. Demographic characteristics of the respondents.

Variable N %

Gender Male 150 60.0
Female 100 40.0

Age

21–30 25 10.0
31–40 114 45.6
41–50 75 30.0
51–60 27 10.8

61 or above 9 3.6

Income level
Less than KRW 2 million 23 9.2

Between KRW 2 million and KRW 4 million 143 57.2
Between KRW 4 million and KRW 6 million 51 20.4

KRW 6 million or more 33 13.2

Occupation

Manufacturing of electrical equipment and home devices 50 20.0
General construction, specialized construction

(electrical/communications work, building facility
installation, etc.), and architectural design

50 20.0

Information and communications (such as computer
programming, system integration and management,

information services, etc.)
50 20.0

Specialized science and technical services (R&D,
specialized services, building techniques, engineering,

other science and technical services)
50 20.0

Other types of business not included above 50 20.0
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Table 3. Cont.

Variable N %

Work period

Less than 1 year 8 3.2
Between 1 and 4 years 47 18.8
Between 4 and 10 years 85 34.0
Between 10 and 20 years 85 34.0
Between 20 and 30 years 23 9.2

30 years or more 2 0.8

Education level
Up to high school 26 10.4

College (university) graduate 208 83.2
Graduate school or higher 16 6.4

Usage
experience

Never
experienced

Do not know at all 9 3.6
Know a little 74 29.6

Know in general 96 38.4
Know very well 54 21.6

Have experience Have used or is currently using 17 6.8

4.2. Factor Refinement and Reliability Testing
Exploratory factor analysis was conducted to reduce dimensionality and extract char‑

acteristics by grouping mutually independent factors from the 41 variables extracted. The
principal component analysis (PCA) model was used for factor analysis, and varimax ro‑
tation was used for rotation. The cumulative explanatory power of the initial model was
42.332%, the KMO (Kaiser–Meyer–Olkin test)measurementwas 0.956, and the chi‑squared
approximation of Bartlett’s sphericity test was 5880.339 (p < 0.001). However, in some vari‑
ables, factor loadings and commonality failed to reach the threshold suggested in basic
research [63], and thus factors with factor loadings and commonality above 0.4 and 0.5
were selected for reanalysis. Finally, 3 variables (CU2, AT2, AU2) were eliminated and
38 variableswere loaded on the 6 factors. The cumulative explanatory power of the revised
modelwas 60.452%, the KMOmeasurementwas 0.957, and the chi‑squared approximation
of Bartlett’s sphericity test was 5431.180 (p < 0.001), thereby showing suitability.

Reliability was reviewed based on Cronbach’s α which is demonstrated by obtain‑
ing similar results when repeatedly measuring the same items. The results show that the
reliability measures of all factors exceeded the threshold of 0.6 (range 0.766–0.914) [64].

Confirmatory factor analysis (CFA) was then performed to verify the construct valid‑
ity of the revisedmodel. The results showed that χ2/dfwas 1150/650 = 1.769, which is lower
than 3, thus proving the model to be suitable; the goodness‑of‑fit index was CFI = 0.901,
TLI = 0.893, RMSEA = 0.0555, and SRMR = 0.0502, exceeding the general level of fit at
CFI ≥ 0.9, RMSEA < 0.08, and SRMR < 0.08 [65,66]. The model is comprised of six di‑
mensions, namely, creating an automated residential environment, service scalability and
diversity, increasing accessibility, lifestyle balance, securing long‑term safety in use, and
reducing environmental load, and the explanatory power and eigenvalue of each structure
are shown below (Table 4).

Table 4. Factor analysis results.

Constructs Variables

PCA CFA Reliability

Factor
Loading Eigenvalue

Percentage
of Variance
Explained

Factor
Loading p‑Value CITC Cronbach’s α

Factor 1

ASP1 0.773

16.319 14.848%

0.786 <0.001 0.899

0.914

ASP3 0.726 0.777 <0.001 0.900
ASP9 0.720 0.808 <0.001 0.899
ASP2 0.679 0.710 <0.001 0.906
AU1 0.638 0.740 <0.001 0.904
AM1 0.535 0.709 <0.001 0.906
CSP1 0.525 0.690 <0.001 0.907
FM3 0.507 0.706 <0.001 0.907
FU1 0.492 0.714 <0.001 0.907
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Table 4. Cont.

Constructs Variables

PCA CFA Reliability

Factor
Loading Eigenvalue

Percentage
of Variance
Explained

Factor
Loading p‑Value CITC Cronbach’s α

Factor 2

CSP3 0.664

1.790 12.275%

0.662 <0.001 0.887

0.897

FM2 0.585 0.664 <0.001 0.888
CSE1 0.568 0.670 <0.001 0.887
CT2 0.554 0.724 <0.001 0.884
FT2 0.542 0.680 <0.001 0.887
CT1 0.521 0.707 <0.001 0.886
AM2 0.493 0.681 <0.001 0.887
CU3 0.482 0.630 <0.001 0.891
FM1 0.473 0.729 <0.001 0.886
CSP2 0.411 0.684 <0.001 0.889

Factor 3

FU2 0.731

1.439 10.491%

0.623 <0.001 0.824

0.844

ASE2 0.658 0.713 <0.001 0.814
AT1 0.641 0.608 <0.001 0.826
FU3 0.563 0.668 <0.001 0.818
ASE3 0.447 0.677 <0.001 0.824
ASP5 0.416 0.637 <0.001 0.823
ASP4 0.404 0.650 <0.001 0.827

Factor 4
CU1 0.600

1.247 9.494%
0.666 <0.001 0.723

0.779FSE1 0.572 0.685 <0.001 0.711
FT1 0.556 0.655 <0.001 0.731
CM1 0.450 0.724 <0.001 0.736

Factor 5
ASP6 0.634

1.141 7.049%
0.673 <0.001 0.711

0.776ASE1 0.563 0.741 <0.001 0.697
CSE2 0.511 0.644 <0.001 0.749
ASP7 0.441 0.673 <0.001 0.731

Factor 6
FSP2 0.665

1.036 6.294%
0.623 <0.001 0.702

0.766FSP1 0.561 0.643 <0.001 0.719
ASP8 0.437 0.719 <0.001 0.711
FSP3 0.422 0.689 <0.001 0.712

4.3. Analysis of Perceived Importance
Among the total means of the six dimensions derived from factor analysis, the highest

level of importance was given to creating an automated residential environment (4.2178),
which was followed by service scalability and diversity, securing long‑term safety in use,
lifestyle balance, reducing environmental load, and increasing accessibility (Table 5).

Table 5. Comparison of average importance by factor.

Constructs Min Max Mean SE
Creating an automated residential environment 2.00 5.00 4.2178 0.61424

Service scalability and diversity 1.80 5.00 4.0848 0.56006
Increasing accessibility 2.00 5.00 3.9406 0.58941

Lifestyle balance 2.00 5.00 4.0470 0.60291
Securing long‑term safety in use 2.00 5.00 4.0560 0.62243
Reducing environmental load 2.00 5.00 3.9720 0.62593

In terms of the average importance of the subfactors that formed the six dimensions,
gas detection and automatic shutoff (Mean = 4.42, SE = 0.778) were highest,
followed by leakage detection and automatic shutoff (Mean = 4.34, SE = 0.745), cooking
equipment anomaly detection and automatic shutoff (Mean = 4.30, SE = 0.818),
electronic security systems (Mean = 4.26, SE = 0.812), and antivirus tool and security for
the server (Mean = 4.26, SE = 0.835) (Table 6). On the other hand, safety management of
bedroom occupants (Mean = 3.87, SE = 0.878), interactive monitoring and support service
(Mean = 3.87, SE = 0.757), and use of braille signs (Mean = 3.82, SE = 0.880) recorded rela‑
tively low average importance (Table 6).
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Table 6. Ranking of perceived importance by factor.

Constructs Variable Mean SE

Creating an automated
residential environment

ASP3 Gas detection and automatic shutoff 4.42 0.778
ASP2 Leakage detection and automatic shutoff 4.34 0.745
ASP1 Cooking equipment anomaly detection and

automatic shutoff 4.30 0.818
ASP9 Electronic security system 4.26 0.812
AM1 Antivirus tool and security for the server 4.26 0.835
AU1 Front door open/close detection and camera 4.19 0.777
FM3 Control and monitoring level 4.14 0.766
CSP1 Adequate place to install the power supply 4.07 0.806
FU1 Polysensory warning systems 3.99 0.845

Service scalability and diversity

CSP2 Installation of network devices that do not hinder
network performance 4.23 0.767

CT1 Apps for smart devices 4.18 0.756
CT2 IoT connection scalability 4.13 0.767
FM1 Diversity of the integrated system 4.10 0.767
AM2 Quality level of facility management

organization members 4.10 0.760
FM2 Diversity of operation and maintenance duties 4.07 0.818
FT2 Installation of the power supply unit 4.05 0.795
CSP3 Standardized wiring performance 4.04 0.757
CSE1 Place to install network facilities 3.98 0.781
CU3 Form and installation location of the warning system 3.97 0.799

Increasing accessibility

ASE3 Automatic/remote‑controlled kitchen appliances 4.09 0.828
FU3 Voice recognition controller 4.00 0.821
ASP4 Automatic lighting control 3.97 0.765
ASP5 Environment detection 3.96 0.803
ASE2 Safety management of bedroom occupants 3.87 0.878
AT1 Interactive monitoring and support service 3.87 0.757
FU2 Use of braille signs 3.82 0.880

Lifestyle balance
CM1 Operation of an integrated system 4.15 0.723
FT1 Sufficient number of power outlets 4.06 0.763
CU1 Proper form and installation method of the switches 4.00 0.809
FSE1 Adjustable lighting 3.97 0.811

Securing long‑term safety in use

ASP6 Standby power supply system 4.13 0.808
ASP7 Standby power cutoff devices 4.12 0.801
ASE1 Securement of safety in wet areas 4.04 0.808
CSE2 Design of accessible storage spaces for

network facilities 3.93 0.801

Reducing environmental load
FSP3 Response to change in inhabitant lifecycle 4.04 0.818
ASP8 Electricity consumption data management 3.99 0.797
FSP2 Preparation for remodeling 3.97 0.781
FSP1 Use of modular furniture 3.88 0.868

Themeans of importance by dimension are as follows. First, in creating an automated
residential environment, gas detection and automatic shutoff showed the highest mean
(4.42), followed by leakage detection and automatic shutoff, cooking equipment anomaly
detection and automatic shutoff, electronic security system, antivirus tool and security for
the server, front door open/close detection and camera, control and monitoring level, and
adequate place to install the power supply. As shown in Figure 1, more than 70% of the
respondents said all variables were important or very important, indicating that securing
automation and the safety of residents are important aspects of smart homes.

Regarding service scalability and diversity, installation of network devices that do
not hinder network performance showed the highest mean (4.23), followed by apps for
smart devices, IoT connection scalability, diversity of the integrated system, quality level
of facility management organization members, diversity of operation and maintenance
duties, installation of the power supply unit, standardized wiring performance, place to
install network facilities, and form and installation location of the warning system. Most
respondents responded that each variable was important or very important (Figure 2).
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Figure 1. Perceived importance of creating an automated residential environment.

Figure 2. Perceived importance perception of service scalability and diversity.

Regarding increasing accessibility, automatic/remote‑controlled kitchen appliances
showed the highest importance (4.09), followed by voice recognition controller, automatic
lighting control, environment detection, safety management of bedroom occupants, inter‑
active monitoring and support service, and use of braille signs. For the five variables other
than safety management of bedroom occupants and use of braille signs, 70% of the respon‑
dents responded that they were important or very important (Figure 3).
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Figure 3. Perceived importance of increasing accessibility.

Regarding lifestyle balance, operation of an integrated system showed the highest
mean (4.155), followed by sufficient number of power outlets, proper form and installation
method of the switches, and adjustable lighting. Additionally, 70% of the respondents said
all variables were important or very important (Figure 4).

Figure 4. Perceived importance of lifestyle balance.

Regarding securing long‑term safety in use, standby power supply system showed
the highest importance (4.13), followed by standby power cutoff devices, securement of
safety in wet areas, and design of accessible storage spaces for network facilities. Addition‑
ally, 70% of the respondents responded that all variables were important or very important
(Figure 5).
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Figure 5. Perceived importance of securing long‑term safety in use.

Finally, regarding reducing environmental load, response to change in inhabitant
lifecycle showed the highest mean (4.04), followed by electricity consumption data man‑
agement, preparation for remodeling, and use of modular furniture. Additionally, 70%
to 80% of the respondents responded that each variable was important or very important
(Figure 6).

Figure 6. Perceived importance of reducing environmental load.

4.4. Effect of Demographic Characteristics on Perceived Importance
An independent samples t‑test and one‑way ANOVAwere conducted to review how

demographic characteristics of the respondents affected perceived importance. Ex‑post
analysis was conducted to identify the specific mean difference between groups in the one‑
wayANOVA, andDunnettT3 and Scheffe testswere also used according to the assumption
of equal variances for each variable.

The results of analysis are as follows (Table 7). For creating an automated residen‑
tial environment, only usage experience had a significant effect on perceived importance.
Perceived importance of the group without usage experience was lower than the mean of
the group with usage experience to a statistically significant degree (p < 0.001).
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Table 7. Comparative analysis of means by factor (* p < 0.05, ** p < 0.01, *** p < 0.001).

Variables N
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

Mean Value Mean Value Mean Value Mean Value Mean Value Mean Value
Gender
Male 150 4.2126 −0.163 4.1227 1.245 3.9333 0.813 4.0717 0.764 4.0533 −0.083 3.9850 0.402Female 100 4.2256 4.0280 3.9514 4.0100 4.0300 3.9525
Age
21–30 25 4.2133

0.738

4.0360

0.999

4.0457

0.821

4.0300

1.320

4.0800

0.238

3.9900

0.683
31–40 114 4.1959 4.0737 3.9148 3.9803 4.0417 3.9276
41–50 75 4.2089 4.0613 3.9086 4.0767 4.0300 3.9633
51–60 27 4.2551 4.1259 3.9471 4.1481 4.1204 4.0926

61 or above 9 4.4691 4.4333 4.2222 4.3889 4.1944 4.1944
Income level

Less than KRW 2 million 23 4.1256

0.983

3.9130

4.156 **

3.7950

1.110

3.7935

3.432 *

3.9348

0.388

3.7717

1.214
Between KRW 2 million
and KRW 4 million 143 4.1888 4.0350 3.9261 4.0122 4.0752 3.9895

Between KRW 4 million
and KRW 6 million 51 4.2418 4.1176 3.9580 4.1078 4.0343 3.9412

KRW 6 million or more 33 4.3704 4.3697 4.0779 4.2803 4.0909 4.0833
Occupation

Manufacturing of electrical equipment and
home devices 50 4.1711

0.271

4.0760

0.565

3.8743

1.557

3.9950

0.935

3.9600

0.924

3.8850

0.935

General construction, specialized
construction, and architectural design 50 4.2111 4.1140 4.0057 4.1100 4.0150 4.0550

Information and communications (such as
computer programming, system integration
and management, information services, etc.)

50 4.2000 4.1080 4.0457 4.0750 4.1150 3.9900

Specialized science and technical services 50 4.2933 4.1400 3.9829 4.1250 4.1700 4.0500
Other types of business not included above 50 4.2133 3.9860 3.7943 3.9300 4.0200 3.8800

Work period
Less than 1 year 8 4.2361

1.082

4.2375

1.612

4.1607

1.568

4.1563

2.643 *

4.2500

1.014

4.0625

0.506
Between 1 and 4 years 47 4.0591 3.9723 3.9726 3.9043 4.0798 3.9628
Between 4 and 10 years 85 4.2026 4.0435 3.8185 3.9588 3.9500 3.9382
Between 10 and 20 years 85 4.2837 4.1035 3.9681 4.1176 4.0853 3.9500
Between 20 and 30 years 23 4.3188 4.3043 4.1242 4.3043 4.2174 4.1522

30 years or more 2 4.5556 4.5500 4.2143 4.7500 4.1250 4.1250
Education level

High school graduate 26 4.3205
0.736

4.0654
0.228

3.9121
0.623

4.0481
1.135

4.1058
0.723

3.9615
0.178College (university) graduate 208 4.1966 4.0803 3.9320 4.0300 4.0373 3.9663

Graduate school or higher 16 4.3264 4.1750 4.0982 4.2656 4.2188 4.0625
Experience

Never experienced 233 4.1888 6.223 *** 4.0536 8.713 *** 3.9154 2.528 * 4.0161 6.292 *** 4.0365 2.762 * 3.9496 2.112 *Have experience 17 4.6144 4.5118 4.2857 4.4706 4.3235 4.2794
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For service scalability and diversity, only income level and usage experience had
a significant effect on perceived importance. The average perceived importance of the
group earning less than KRW 2 million a month and the group earning between KRW
2 million and KRW 4 million was lower than the group earning KRW 6 million or more to
a statistically significant degree (p < 0.01). Moreover, perceived importance for the group
without service usage experience was significantly lower than that of the groupwith usage
experience (p < 0.001).

For increasing accessibility, only usage experience showed a statistically significant
correlation. Perceived importance for the group without service usage experience showed
a lower mean than the group with service usage experience (p < 0.05).

For lifestyle balance, income level, work period, and usage experience had a signifi‑
cant effect on perceived importance. Perceived importance for the group earning less than
KRW2million amonthwas lower than the group earning KRW6million ormore (p < 0.05),
and perceived importance for the groupwithout service usage experiencewas significantly
lower than that of the group with service usage experience (p < 0.001). Meanwhile, as a re‑
sult of the ex‑post analysis, the inter‑group difference in relation to work period failed to
show statistical significance.

For securing long‑term safety in use, only usage experience showed statistical sig‑
nificance. Perceived importance for the group without service usage experience showed a
lower mean than the group with service usage experience (p < 0.05).

Likewise, for reducing environmental load, only usage experience showed a statis‑
tically significant correlation (p < 0.05), and perceived importance for the group without
service usage experience was lower than the group with service usage experience.

5. Discussion
5.1. Structuralizing Smart Home Design Factors to Promote Adoption
5.1.1. Creating an Automated Residential Environment

Automatically detecting and blocking risks (such as gas leaks, water leaks, fire, intru‑
sion, etc.) is seen as the most typical benefit of a smart home. Therefore, smart homes
must provide an automated, convenient, and safe residential environment based on ade‑
quate control and monitoring of facilities in a residential space, including systems respon‑
sible for cooling, heating, water supply, firefighting, and disaster prevention. The safety
of spaces vulnerable to gas leaks, water leaks, and fire, such as the kitchen, must be man‑
aged with sensors and automatic shutoff devices. Doors and windows are recommended
as locations for the installation of sensors and security cameras that can be used to detect
intrusion and provide automatic reporting. The management server of the smart home
system must be secure at all times in order to prevent external threats such as hacking,
and all warning systems that provide notifications in response to dangers in the residen‑
tial environment must allow for both audio and visual signals so that anyone can easily
recognize them (audio alarms generally must not exceed 120 dB, and visual alarms must
use a flasher between 2 Hz and 4 Hz).

As pointed out by a few studies, there must be a good balance between automaticity
and controllability [16,31]. Therefore, the control and monitoring of all related services
should be able to be changed by the user, and the arrangement style, installation location,
and design of all power supply units must be consistent throughout the entire residential
space to ensure that they are highly accessible to all users (e.g., all power outlets must be
installed between 450 mm and 1200 mm from the floor, and at least 500 mm away from all
corners of the indoor space).

5.1.2. Guaranteeing Service Scalability and Diversity
Smart homes need to be able to adequately predict and respond to changes in the

surrounding environment and possess the flexibility to make changes, which refers to be‑
ing able to quickly change to a new state with minimal effort [56,57,67]. Flexibility is also
related to not only the current demands of users, but also to long‑term demands and poten‑
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tial changes in the future [68]. Moreover, flexibility can be expressed using similar terms,
such as customizability, adaptability, and modifiability [56]. From the perspective of ser‑
vice development, a customization based on the flexibility of a technology can generate
greater value by providing high‑quality solutions to individual users [43]. Thus, flexibility
acts as an important factor in reducing errors during use and also promotes adoption [69].

To achieve flexibility in the alteration of smart homes, it is necessary to guarantee di‑
versity and scalability of services. To efficiently and economically manage smart homes,
the integrated system must support connections to various functions of the residential
space, such as entrances, energy use, safety, and facility management. The manager of the
facilities and services must oversee various tasks if possible. Likewise, the practical com‑
ponents used to facilitate the management of smart home services must guarantee strong
interoperability so that devices made by different manufacturers can easily be connected
and controlled.

Network facilities, wiring, and control systems must be designed based on standard‑
ized guidelines, and there must be no hindrance to performance caused by the installa‑
tion location, spatial structure of the surroundings, or materials (jammers and interfering
substances, etc.). Moreover, multi‑purpose data cables, power cables, and security power
cables must be installed in major living spaces so that additional spurs can be created in all
locations. Installing an extra power supply unit at the indoor entrance or above or next to
the window will enable the installation of various new smart devices in the future (auxil‑
iary devices for opening and closing doors, automatic curtain/blind opening systems, etc.).
The installation of blanked‑off connections that are connected to electricity or data sources
at major points, such as windows or doors, can be an effective space design strategy for ac‑
commodating future user demands that vary depending on life cycle and lifestyle changes.

5.1.3. Increasing Service Accessibility
Smart homes improve convenience in the residential environment through remote‑

controlled services. In particular, the supply of smart home technology is expected to
contribute greatly to enabling vulnerable groups to continue living a safe life at home [8].
Smart homes, which can easily control the components of the residential environment re‑
motely (such as home appliances and lighting) and prevent safety incidents provide great
benefits for various vulnerable groups. Thus, smart home designs must have high acces‑
sibility for all users. For example, using braille signs on major home appliances and con‑
trollers or adopting both voice recognition control and automatic detection via motion
sensors can be effective in promoting accessibility for vulnerable groups.

Furthermore, accessibility and the response speed of supporting services must also
be carefully considered. Generally, the intention of using a technology increases when
the new technology is perceived as being easy to use [25]. In contrast, a lack of knowl‑
edge about the technology and a lack of related experience leads to a heightened per‑
ception of risk [70]. Thus, technical assistance is important for accelerating technology
adoption [40,41]. Providing a technical support service in real time, based on the powerful
network connectivity of a smart home, can be effective in increasing smart home adop‑
tion [10,71]. In other words, greater adoption of smart homes can be achieved by guiding
users to enhance their own use of technology and by having support services that help
when users face technical problems, while also ensuring that these services can be accessed
quickly and easily.

5.1.4. Lifestyle Balance of Potential Users
It is important to achieve technical compatibility between devices, as the smart home

market, which is growing based on individual devices, would thus reduce the associated
expenses for consumers [10]. However, harmonization of the lifestyle of potential users
is also an essential aspect of achieving compatibility, as the use of smart home applica‑
tions involves a marked change in the familiar environment of a home [72]. As it is in
human nature to maintain existing states and resist changes in behavioral patterns, it is
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necessary to take an approach where innovations and everyday life coexist while the ex‑
pected changes in situations caused by the use of this technology areminimized [73]. Some
studies have suggested methods for achieving the behavioral and spatial compatibility of
smart homes. For example, Li et al. (2019) noted changes in daily life due to the effects
of the form, weight, and size of a device when measuring the perceived compatibility of
wearable devices [74]. Park et al. (2018) also considered some of the effects of compatibility
in terms of the way users want to interact with components in their homes [28]. Therefore,
compatibility can also be achieved by familiarizing users with standardized instructions
or by matching the device to the lifestyles of users. These are known to have a positive
effect on adoption [74,75]. This factor relates to ways of strengthening adoption through
the minimization of changes in the familiar environment within the home that are caused
by installing smart home technologies, and also relates to the challenge of preventing the
physical form of the device and the way it interacts from being separated from the user’s
lifestyle [28,59,72,74]. A typical example of achieving this goal is the installation of switches
and control panels at convenient locations and heights that thus facilitates the use of ser‑
vices in everyday life.

All types of control devices, such as lighting systems, security systems, and heating
systems, must be easy to reach and use with little force (e.g., with toggles, lockers, or push
button switches). Moreover, a sufficient number of power outlets must be installed in the
living space (e.g., at least four dual power outlets should be installed inmajor living spaces
[living room]) so that users can easily install and use home appliances.

This factor is also related to providing optimized services for the everyday lives and
habits of users. For example, lighting must be adjustable depending on time and space
(considering user lifestyle). In addition, an integrated management system that can eas‑
ily synchronize and optimize installation of a new smart device or motion change must
be provided to users in advance. This system must be operated without disconnection
from auxiliary devices, and a backup server should be included so that user data can be
constantly collected.

5.1.5. Securing Long‑Term Safety in Use of Systems and Facilities
Basic facilities preventing various accidents must be established for safe and contin‑

uous use of smart home services. Many smart home devices run on battery power, and
thus depletion of built‑in batteries or external power supplies being shut off may cause
sensor malfunction or network failure [76]. Since there is limited energy availability in
smart home devices, it is important to make standby power cutoff plans to actively reduce
standby power used by devices [77,78].

Smart home hubs provide intelligent control functions by connecting various devices.
When the power supply and Internet are disconnected, some services cannot be provided,
which puts a halt to server security, safetymanagement, and the accident detection system,
possibly causing severe problems [79].

Therefore, hubs must be located where there is good ventilation, smooth network
connection, and consistent power supply. Itmust be possible to disguise or lock the storage
space for hubs in response to various safety issues. Moreover, in case the power supply
is shut off, the devices and network facilities must be protected using an uninterruptible
power supply, generator, or energy storage system (ESS).

Furthermore, wet areas, such as the bathroom, restroom, and laundry room, must be
designed to prevent hindrances to service quality and accuracy. For example, all walls and
ceilings in the bathroom and restroom must be built with strong materials so that various
devices and accessories can be installed. Moreover, bathroom floors must be designed
to facilitate quick drainage in order to prevent puddles. All sensors and devices must
secure long‑term safety in use through tolerance toward humidity, chemicals, and physical
pollutants, as well as through recovery from condensation.
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5.1.6. Reducing Environmental Load
As is widely known, smart homes can reduce environmental load through efficient

use of energy that is based on increased user participation and environmental friendli‑
ness [80,81]. Smart homes effectively optimize the cycle of cooling and heating and provide
adequate information and control functions for users to efficiently use energy. In particu‑
lar, providing detailed feedback on individual energy use is effective in reducing energy
consumption [82].

5.2. Smart Home Design Strategies Considering User Perception
Previous studies have reported positive perceptions of smart home devices that can

support the independence of inhabitantswhile guaranteeing safety and convenience [9,83].
Likewise, respondents showed relatively high interest in automated technology that pre‑
vents risk factors in the residential environment, such as gas leaks, water leaks, fire, and
intrusion (Figure 7). Promoting the benefits of smart homes is an effective way of inducing
user adoption, and the adoption of automation technology can therefore be considered.
On the other hand, automation technology connotes perceived threats such as security
threats, operation errors and suspension, privacy invasion, increased technological depen‑
dence, and the burden of expenses, which is why application of automation technology
must be safe, user‑friendly, and sustainable. For example, servers must ensure security at
all times, and control devices must be located in a storage space that can be locked and
left unaffected by the external environment without allowing for physical intrusion from
the outside. Service functions must provide sufficient controllability and modifiability to
users, and spaces must be flexibly designed to allow for alterations and the adoption of
new automation technologies.

Figure 7. Relative importance of smart home design factors considering user perception.

Among the demographic characteristics of the respondents, usage experience had a
significant effect on all factors. Those with usage experience or a high level of awareness
about smart homes also showed higher perceived importance. Moreover, those with rel‑
atively higher income considered it important to guarantee service scalability and diver‑
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sity and maintain lifestyle balance. Usage experience is known to determine the attitude
and perception of smart homes [29,31], and income level has a significant effect on adop‑
tion [83]. In other words, high‑income early adopters that are likely to adopt smart homes
want to be guaranteed flexibility, in terms of alterations, so that they can easily install and
connect various devices wherever they want based on their needs. They also want the
directions and services provided for all devices to be optimized for their lifestyles.

6. Conclusions and Limitations
The technology within smart homes is closely connected to the residential environ‑

ment, which has a complex layer consisting of various functions, behaviors, and spatial
properties. Smart homes can be widely used only when people show interest in adopting
these technologies in everyday life. Thus, it is necessary to first understand user expecta‑
tions and identify factors affecting smart home adoption. The major contributions of this
study are as follows. First, this study structuralized smart home design factors from the
perspective of promoting smart home adoption. It also integrated complementary materi‑
als, such as discourses on traditional technology adoption and smart home design guide‑
lines, as a result of exploratory research. This study also suggested an empirical tool that
contributes to the diffusion of smart home adoption by structuralizing factors based on
user perception, thereby providing insight on the demands of smart home users.

Second, this study suggested sustainable values of factors affecting smart home adop‑
tion. The results of this study suggest ways of reducing environmental and economic
burdens in smart homes, such as the exploration of designs that can be easily altered at
low cost and with high efficiency. Moreover, based on ease of use, application of univer‑
sal standards, and technical service accessibility, this study encourages various potential
users (especially vulnerable groups that may face difficulty using technology) to become
active users of smart homes. Diffusion of smart homes can contribute toward achieving
social sustainability by supporting the ability of vulnerable groups to lead an independent
life, and can also contribute to resolving their loneliness and guaranteeing their safety.

Despite these contributions, there are some limitations of this study. This study struc‑
turalized factors affecting smart home adoption based on a literature review of adoption
and design guidelines and reviewed user perceptions regarding the importance of those
factors; however, the effect of structuralized factors on actual usage intention has not yet
been verified. Therefore, further research must perform actual verification of the selected
factors. Moreover, the survey was conducted only among those living in the Republic
of Korea, which has a relatively high prevalence of Internet infrastructure; therefore, the
researchmodel should be tested in a geographical context with different cultural surround‑
ings or information and communication infrastructures in order to generalize the results.
Lastly, since there was limited participation from elderly members, representation of this
group is insufficient. Since smart home technology is deeply related to improving the qual‑
ity of life of the elderly, it is necessary to examine differences in perception according to
age groups. Differences in perception within this group between those who are relatively
tech‑savvy and those who are not should also be examined.

Future research should overcome these limitations and expand the findings of this
study to provide a more comprehensive understanding of smart home adoption and the
sustainability values of smart homes.
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