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ABSTRACT The rapid development of technology has led to the prevalence of smart homes as one of the
most prominent intelligent devices. This research aims to identify the factors that significantly influence
individuals’ intention to use smart homes and provide direction for efficient product positioning and
updates. Drawing from the Technology Acceptance Model (TAM), Value-based Adoption Model (VAM),
Innovation Diffusion Theory (IDT), and Maslow’s Hierarchy Needs Theory, a comprehensive research
model is introduced. The model incorporates external factors such as perceived value (PV), price perception
(PP), safety perception (SP), social influence (SI), self-esteem (SE), and visual aesthetics (VA), while self-
innovation (SINN) is considered a moderator with a conditional effect between perceived usefulness (PU)
and PV. The research model was validated with 405 samples, and exploratory factor analysis was conducted.
Structural equation modeling (SEM) was used to analyze the results, which indicate that: 1). customers’
intention to use smart homes is significantly determined by PV and VA through PU and perceived ease of use
(PEOU). 2). Additionally, SINN moderates the relationship between PV and PU negatively within a specific
interval. 3). SE and SI have slight effects on PU or PEOU, while PP and SP have no direct effect. These
empirical results provide valuable conclusions and implications for understanding suitable smart homes for
customers and finding actionable directions for smart home development

INDEX TERMS Smart home, technology acceptance model, Maslow’s hierarchy needs theory, technology
adoption, purchase intention.

I. INTRODUCTION
With the rapid growth of technology and the economy, smart
homes and related services have gained significant attention.
The benefits of smart homes applied to the Internet of Things
(IoT) are increasingly recognized by more people. According
to data from Quest Mobile, it is projected that by 2023,
there will be an average of 265 million active customers
using smart home applications every month in China, which
represents a 28.3% increase compared to 2022 [1]. The three
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smart home products with the most active online users are
MIUI (66.89 million), Fluorite cloud video (36.92 million),
and Huawei (28.89 million) [2].

Smart homes were first envisioned as a futuristic way of
living in the 1950s, mainly associated with the growth of
suburbia [3]. Today, smart homes and related products have
expanded to cover various fields such as sports, healthcare,
communications, entertainment, and work assistance. The
development of fifth-generation (5G) technology is critical
in extending the scope of smart homes. For instance, people
use smart home products like watches or beds to monitor
their physical condition and receive alerts on their phones.
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Customers also use air purifiers and robotic vacuums to
efficiently and conveniently manage their daily lives, which
can be controlled remotely through smartphones or personal
computers. The Chinese smart home market is experienc-
ing steady growth, with a compound annual growth rate of
18.51%, from $37.6 billion in 2016 to $74.2 billion in 2020.
Predictions indicate that the market will continue to grow,
with an estimated value of $103.2 billion by 2023 [4].
Previous studies have attempted to explain consumers’

adoption behaviors to smart homes by extracting technical
and representative factors using famous theories and models.
For example, the study [5] found that trust, perceived risk, and
awareness influence the intention to purchase smart homes.
The research [6] conducted a survey of 1039 samples and
confirmed the relationships between gender, generation, and
use behavior of smart homes. The scholars of [7] found
that cultural factors and technology awareness significantly
influence the elders’ intention to buy smart homes.

However, the previous researches mainly focused on ana-
lyzing function, safety, price, or other physical external
factors that may affect the intention to use smart homes.
Few studies analyze mental factors such as aesthetics and
self-esteem.

To address the gap, this research explored various factors
that have relationships with the adoption of smart homes
via PU and PEOU. The research proposed a comprehensive
research model whose structures are basically extracted from
Technology Acceptance Model (TAM), Maslow’s hierarchy
needs theory, Innovation Diffusion Theory (IDT). Perceived
value (PV), price perception (PP), safety perception (SP),
social influence (SI), self-esteem (SE), and visual aesthet-
ics (VA) were adopted as external constructs to perfect the
research model. Attitude to use (ATT), intention to use (ITU),
perceived usefulness (PU), and perceived ease of use (PEOU)
are primary factors extracted from TAM, which could show
clearly how these external factors affect the acceptance of
smart homes. Since many previous studies have pointed out
that the individual’s innovation may also impact technology
adoption, the present study proposed self-innovation as a
potential moderator [8]. By integrating Maslow’s theory into
TAM, the physical and mental factors can be investigated
simultaneously to provide a more comprehensive survey of
smart home adoption. The research proposed the following
majority gaps:

• With the current changing environment, as people
become accustomed to 5G technology and experience a long-
pandemic era, their needs for smart homes will also vary. Fur-
thermore, this studywas undertakenmostly in China, whereas
most earlier studies on smart homes were conducted in other
nations. To research consumers’ intentions and behavior for
smart homes in China with fresh backgrounds, it is impor-
tant to design an original model structure and integrate new
factors.

• Previous studies have investigated many factors about
intention to use smart homes, but few studies pay attention

to mental factors, such as aesthetics, self-esteem, and self-
actualization. Furthermore, because of the lag period of the
development of smart home technology, we should seek
guidance from new mental variables and compare them with
certain old elements in order to obtain better directions for
building products.

• Can the external factors that function as moderators
influence perceived usefulness and perceived ease of use?

The research proposed the following novelties to address
the problems mentioned above:

• This research first combines Maslow’s hierarchy needs
theory with TAM, which is rather new within the field of
smart homes, providing a creative structure to study smart
homes and extending the capacity of original models.

• This research inventively investigates the physical and
mental factors and finds what influences customers’ intention
to use smart homes most. TAM essentially consists of two
elements: PU and PEOU, that are also kept in our research
model and demonstrate vividly how these independent factors
influence individuals’ propensity to utilize smart homes.

• This study investigates self-innovation as a moderator
to make the structure more comprehensive, according to the
Innovation Diffusion Theory. In this research, the Johnson-
Neyman (J-N) technique is applied as well to analyze the
conditional effect, which is an effective and valuable skill for
distinguishing the ‘‘better’’ effect from the ‘‘worse’’ effect.
However, few studies utilize it to study smart homes, which
is a novelty of this research.

The remainder of this paper is organized as follows: fol-
lowing the review of smart homes and model theories, the
research raises hypotheses. Then, after the methodology is
explained, the results are discussed. After that, the paper pro-
poses conclusions and discussions to give the complications
and suggestions. Finally, the limitations and future work are
presented.

II. LITERATURE REVIEW AND THEORETICAL MODELS
A. SMART HOMES
Smart homes are commonly recognized as a cyber-physical
system that is centralized and controlled by an internal per-
sonal network, and parts of functions need to be installed
before their homes are decorated [5]. However, many cus-
tomers can fulfill this goal by purchasing smart home furni-
ture, which becomes a prevalent trend considerably in China.

As an assistance to help people with their daily life, smart
homes are applied for multi-purpose functions. For example,
many people use smart homes to receive better audio-visual
experiences, which can be controlled by gestures or voice [6].
The health situation, such as heartbeat and blood oxygen,
can also be monitored by smart homes like beds or home
medical equipment. Smart homes will inform the doctor if
individuals’ health indexes are abnormal [9].
With the extensive utilization of smart home products,

several researchers have explored the significance and causes
of user behavior in adopting smart homes. The prior study of
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TABLE 1. Summary of prior studies of smart homes.

smart home services applied the model of TAM and VAM
to investigate the adoption of smart homes and find the
negative and positive factors related to perceived value [10].
The study [11] on smart homes combining UTAUT2 with
TAM2 proved that specific populations could be targeted. The
study of smart kitchens applying VAM and UTAUT intends
to investigate the effect of key value on actual use [12].
Table 1 summarizes previous studies on smart homes on

customer adoption and behavior. These researches prove that
it is necessary to investigate the potential factors affecting
users’ intention to use smart homes, which gives us the direc-
tion to formulate smart home products.

B. VALUED-BASED ADOPTION MODEL
Valued-based Adoption Model (VAM), proposed by [15],
is a notable theory that can interpret users’ decision-making.
It proposed that the decision is made depending on the per-
ceiving of cost and the pushing force of enjoyment. VAM
was promoted from TAM, eliminating the restriction of
using merely two factors, and incorporating other potential
factors [16]. VAM includes four main variables: perceived
benefit, perceived cost, perceived value, and intention to use.
The research [15] suggested that perceived cost and perceived
benefit both have impacts on perceived value, which leads to
the intention to adopt technology, but according to previous
studies, perceived cost and perceived value may affect the
adoption of technologies at the same time [17], [18].

VAM is often applied to research new technologies adop-
tion; the research [15] first used it to investigate mobile
internet in 2007. After that, VAM was used to study mobile
phones, mobile payments, and mobile applications. Few
researchers are investigating smart homes by using VAM.

In addition to the factors of TAM, this research also con-
tains parts of VAM: perceived value and price perception that
may significantly influence people’s attitudes towards smart

home adoption. The main aspects of VAM in this model,
perceived value and price perception, suggest that customers’
attitudes and intentions to adopt technological products were
influenced by perceiving value positively. At the same time,
the cost, including the fee to pay and the effort paid to
learn the new technology, may have a negative effect on the
intention to use [19].

1) PERCEIVED VALUE
Perceived value (PV) is a fateful item of VAM that directly
causes the intention to use smart homes. PV indicates the
benefits that customers can acquire when using smart homes,
which can become a judgment of the total value of smart
homes [16]. According to a previous study, PV impacts atti-
tudes toward smart homes significantly. For example, [13]
reported that customers’ perceived value in smart homes
determines their intention to purchase them. Moreover, the
study [20] also presents that perceived value may have effects
on perceived usefulness and perceived ease of use while using
mobile payment. It is reasonable that we raise the hypotheses:

H1. Perceived value is positively related to perceived use-
fulness of smart homes.

H2. Perceived value is positively related to perceived ease
of use of smart homes.

2) PRICE PERCEPTION
Price perception (PP) is the most significant portion of per-
ceived cost, which represents the financial aspect of perceived
cost. According to the study of [12], the fee of technology
products has influenced the intention to use smart kitchens
directly. Meanwhile, PP can be seen as the basic needs
of Maslow’s hierarchy of needs model that individuals are
prone to take price into consideration [21]. The high price
of technology products may prevent latent customers from
purchasing smart homes most of the time, while low price
stimulates people to buy them on the grounds of [10] study.
Additionally, the scholars of [22] raised the hypothesis that
PP could affect perceived usefulness and perceived ease
of use of virtual reality technology in VAM and collected
1158 valid respondents to confirm it. Based on the studies
above, we could propose the following hypotheses:

H3. Price perception is negatively related to perceived
usefulness of smart homes.

H4. Price perception is negatively related to perceived ease
of use of smart homes.

C. MASLOW’S HIERARCHY OF NEEDS
Maslow first proposed his hierarchy of needs theory in his
paper, a theory of human motivation, in 1943 in order to
evaluate hierarchical needs in various physical and men-
tal aspects. Abraham Maslow’s hierarchy of needs model
includes five levels at the very beginning, in which the base-
ment is the physical demand for survival, such as food, water,
air, and space [23]. We concluded the based requirements
as PP above because money can often become a standard
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FIGURE 1. Maslow’s hierarchy needs theory.

that customers decide whether to buy the product [21]. The
following four progressive layers are personal safety needs,
interaction and social needs, self-esteem needs, and self-
actualization needs. The five-level model was improved in
1981, adding two more layers above that are visual aesthetics
needs and self-transcendence needs in Fig. 1 [24]. Once lower
hierarchical needs are satisfied, the higher layer of needs
will be pursued [25]. For example, research [26] shows that
people are willing to share knowledge to fulfill individual
values after their based needs are satisfied in online health
communities.

Maslow’s Hierarchy Of Needs Theory is often used in
evaluation and human resources organization studies. Some
researchers apply this model to investigate customers’ pur-
chase intention for technology products, such as electric
vehicles [21], and customers’ adoption and behavior toward
information technology [27]. Furthermore, more and more
studies use this hierarchical needs model to investigate intel-
ligent products like Voice-User Interface (VUI) [28]. This
model offers functions that other models cannot research,
clarifying the needs hierarchically of specific intelligent
products in order that we can know how to improve the
product more specifically and efficiently. In conclusion, this
research examines the perceptions of price, safety perception,
social influences, self-esteem, and visual aesthetics in the
investigation of smart home purchasing.

1) SAFETY PERCEPTION
Safety perception (SP) is the secondary-based layer of
Maslow’s hierarchy of needs model, which is becoming
increasingly critical nowadays because of technical informa-
tion development. Most people are conscious of privacy and
information safety, relating to privacy leaks, hacker attacks,
and information collection illegally, according to the research
on smart wellness wearable that may explore user’s loca-
tion, health situation, and other sensitive information, which
makes people worried [29].

Previous research shows that SP is one of the most
significant determinants of adopting technology products.
For example, the research [30] reported that SP directly

affects the intention to use IP-based technologies in smart
homes. Moreover, the study [31] indirectly indicates that SP
and PEOU have a latent correction effect, with a correlation
loading of up to 0.64. The scholars of [10] conducted a survey
that received 799 credible answers, proving that safety value
significantly influences PU when people use smart home ser-
vices. Based on the surveys above, the following hypotheses
are proposed:

H5. Safety perception is positively related to perceived
usefulness of smart homes.

H6. Safety perception is positively related to perceived
ease of use of smart homes.

2) SOCIAL INFLUENCE
Social influence (SI) is discussed in smart homes, which
can be classified into Maslow’s category of interaction and
social needs. SI means that peoples are prone to purchase
the products recommended by their companions, which is
especially apparent in individuals with social demands [21].
In this regard, SI could be one of the potential motivations for
purchasing smart homes [9].

A previous study proposed that social influence has a
noticeable impact on PU and PEOU of mobile technology.
However, he defined social influence, which combined sub-
jective norms with social images that we cannot identify
which part was functional [32]. Besides, the research [33]
confirmed that SI could influence PU and PEOU of citizens
to varying degrees when they use information and communi-
cation technologies. Thus, we raise the following hypotheses:

H7. Social influence is positively related to perceived use-
fulness of smart homes.

H8. Social influence is positively related to perceived ease
of use of smart homes.

3) SELF-ESTEEM
Self-esteem (SE) is often assured as the extent that indi-
viduals are satisfied with the respect, comments, and status
they receive, which can be categorized as Maslow’s esteem
category [27]. From the societal perspective, self-esteem
also represents reputation and decency from others [26].
Indeed, those with high self-esteem are prone to wish to
gain acceptance from others, and their needs may signally
affect the acceptance of intelligent technologies. Further-
more, peoplewith high self-esteem often possess huge pursuit
of acceptance, which motivates them to purchase luxury
products [21].

The research of [21] confirmed that self-esteem would
affect the purchase intention of electric vehicles significantly,
while [32] also supported the hypothesis by investigating
products of wireless internet services. Moreover, Karahoca’s
research in healthcare technology products showed that
social image influences PEOU and ITU [34]. The theories
above were verified again because of the research on smart
connected objects in 2022 [8], [32]. Some scholars point
out that individuals with high self-esteem are possible to
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take constructive behaviors to gain fame and credit [35].
For example, people with high status are prone to accept
environment-friendly products to enhance themselves [36].
However, most previous studies just demonstrate self-esteem
may influence the intention to adopt products, neglecting how
self-esteem affects the adoption to use intelligent products.
Thus, we raise the following hypotheses:

H9. Self-esteem is negatively related to perceived useful-
ness of smart homes.

H10. Self-esteem is negatively related to perceived ease of
use of smart homes.

4) VISUAL AESTHETICS
Visual aesthetics (VA) is a higher level of Maslow’s needs
which becomes more important nowadays because of the
economic development that most people could satisfy with
the based layers of Maslow’s hierarchy of needs. VA refers
to the perceived attractiveness of smart homes’ appearance in
this paper, including issues about colors, shapes, animation,
and font. In terms of company, VA seems as a symbol to
distinguish itself from other competitors. The best example
is Apple Inc, a powerful measure for companies to compete
for increasing customers [37].
According to previous research, the fact that VA influences

customers’ intention to use significantly has been proved.
Additionally, the research [37] took VA as an external factor
and combined it with TAM, showing that VA affects PU
and PEOU slightly in mobile commerce. Furthermore, the
investigation of web portals strengthens the result that VA
affects PU meaningfully, while the studies [38], [39] also
repeated the experiment to study wearable devices in health
care and revealed that VA impacts PU and PEOU expres-
sively. However, there are no researches to investigate smart
homes with the variable of VA and associate it with TAM,
so we raise the hypotheses:

H11. Visual aesthetics is positively related to perceived
usefulness of smart homes.

H12. Visual aesthetics is positively related to perceived
ease of use of smart homes.

D. TECHNOLOGY ACCEPTANCE MODEL
In addition to VAM and Maslow’s Needs Theory, this
research applies Technology Acceptance Model (TAM) as
the based framework to investigate customers’ intention to
purchase smart homes. TAM is the most frequently-used
model employed to predict and explain customer intention
toward new technology adoption and usage, whichDavid first
raised in 1989 [40], [41]. Although TAM is developed by
follow-up research with different revisions, such as TAM2,
TAM3, and UTAUT, TAM still mainly includes four struc-
tures: perceived usefulness, perceived ease of use, attitude to
use, and intention to use. At the same time, PU and PEOU
positively influence ATT [28]. According to recent research,
PEOU also affects PU positively [5].

Many researchers use TAM to investigate the receiving of
new technology. For example, investigating the voice-user

interface of smart homes that combines TAM with Senior
Technology Adoption Model (STAM) is creative [28]. Fur-
ther, another research about smart home health care using
a Unified Theory of Acceptance and Use of Technology
(UTAUT) was developed by TAM and also performed well
during the research [9]. Although TAM shows a powerful
function in predicting customers’ adoption of technology,
there are a few limitations that the constructs of TAM are
limited. In order to solve the problem, the model needs to be
adjusted according to the specific situation, such as combing
TAM with other various models [28].

1) PERCEIVED EASE OF USE
Perceived ease of use (PEOU) is defined as that customers
need not pay too much energy to learn and utilize smart
homes, which becomes an evaluation of the simplicity degree
of smart homes. Some previous studies manifested that per-
ceived ease of use is a positive determinant of attitude to
use when customers use information and communication
technology [10]. In the research [42] on Internet Of Things
(IOT), he found that perceived ease of use affects perceived
usefulness positively. After that, more researchers confirm
the theories abovemany times, which proves the relationships
between them are stabilized and valid [5]. Therefore, we can
propose the following hypotheses:

H13. Perceived ease of use is positively related to per-
ceived usefulness of smart homes.

H14. Perceived ease of use is positively related to attitude
toward using smart homes.

2) PERCEIVED USEFULNESS
Perceived usefulness (PU) is the most important concept in
the model of TAM. Perceived usefulness means customers
can feel the efficiency and convenience the products pro-
vide [40]. According to the research on Information and
Communication Technology (ICT), it is obvious that per-
ceived usefulness has a substantial influence on attitude to
use, which is the same as PEOU [33]. In the region of smart
energy technologies, the research [43] also proved that PU
has an effect on the intention to use directly. Thus, we raise
the following hypotheses:

H15. Perceived usefulness is positively related to attitude
to use of smart homes.

H16. Perceived usefulness is positively related to intention
to use smart homes..

3) ATTITUDE TO USE
Attitude to use (ATT) is defined as the level that individuals
are voluntary to accept new technologies of smart homes,
while Intention to use (ITU) means the degree that people
are willing to purchase and use smart homes in this research.
Many types of research show that attitude to use usually has a
significantly positive relationship with Intention to use, espe-
cially about technology products, such as smart homes [5].
Therefore, we raise the following hypothesis:

80730 VOLUME 11, 2023



Y. Yang et al.: Integrating Technology Acceptance Model

FIGURE 2. The conditional effect of SINN.

H17.Attitude to use is positively related to Intention to use
smart homes.

E. INNOVATION DIFFUSION THEORY
Innovation Diffusion Theory (IDT) was explained by Rogers
in 1995, exclaiming that it is a process of innovation diffus-
ing over time among the people of a communication group,
which includes five stages, knowledge, persuasion, decision,
implementation, and confirmation [44]. Further, the author
also pointed out that the key part of IDT, intention and
adoption to use new technologies, are relative closely to per-
sonal characteristics about relative advantage, compatibility,
complexity, experimental, and observability [45]. Moreover,
various kinds of research afterward improved the theory of
IDT and derived newmodels such as Diffusion Of Innovation
(DOI) and Personal Innovation in Information Technology
(PIIT) by extracting the key variable of self-innovation.

Self-innovation (SINN) is the most representative con-
struct of IDT, defined as the degree of individuals being
willing to accept new technologies [46]. It is also explained
why some people would rather take the risk of utilizing
new technologies with alacrity while others are unwilling
to accept change because of the Diffusion of SI. According
to previous research about information technology, SI may
affect customers’ PEOU, social influence, and perceived con-
trol positively, indicating that SINN may have a huge impact
on various variables of models about technology adoption
behavior [47]. A creative action that the mobile technology
study in 2005 took is combining SINN and TAM, success-
fully confirming the hypothesis that SINN has an actual effect
on PU and PEOU [32]. The theories above are proved to be
confirmed and valid again by research [48] about the utiliza-
tion of websites. During the study of wearable devices, the
author even confirmed the hypothesis that SINN influences
self-efficacy, which means perceived value positively [39].
However, few studies combine SINN with VAM and TAM
to study smart homes, causing innovation may become a
latent moderator that affects the relationships between them
positively, as shown in Fig. 2. Thus, we raise the following
hypothesis:

H18. Self-innovation plays a moderator in the relationship
between customers’ perception of usefulness and perceived
value and price.

FIGURE 3. The hypothesized model.

F. RESEARCH MODEL
Based on the extant research, we extend TAM model and
hypothesized model (Fig. 3), which combines TAM with
Maslow’s Hierarchy Needs Theory and VAM, proposing
self-innovation as a moderator at the same time. In order to
discuss and understand customers’ intentions to use smart
homes, it is necessary to integrate various user-oriented
theories into a comprehensive model, which can compare
different proportions of variables.

III. METHODOLOGY
A. QUESTIONNAIRE DESIGN AND MEAUREMENTS
This research is based on the questionnaire design procedure
proposed by Park [49]. To guarantee the accuracy and com-
prehensiveness of the 11 constructs in this questionnaire, the
46 questions representing 11 constructs are extracted mainly
from professional journals according to the three-indicator
rule that there are at least three items per factor [50]. Because
the initial questions were made in English, we conducted
a double translation method (English-Chinese-English) to
ensure that the meaning of the content was expressed cor-
rectly [51]. Two professional translators conducted all the
translation procedures, and then three professors of relevant
specialties revised the translated questionnaire.

Our questionnaire contains two parts. The first part is
the background of participants, including age, gender, and
marriage. The second part is the question related to the
measurement of research subjects. Before the participants
answered the questionnaire, we showed some pictures of
smart homes related to their lives to scope the definition.
Citing the previous studies that a seven-point Likert scale
is a better choice to conduct the research as an interval
scale, we applied it with scores varying from 1= completely
disagree to 7= completely agree to evaluate all potential
variables efficiently [52], [53]. After revising items, we con-
ducted a pilot test with thirty participants and four items
excluded, leaving 42 valid questions. According to the sug-
gestions above and uuni-dimensionality, the questionnaire is
presented in Table 2 [54].
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TABLE 2. Questionnaire items. TABLE 2. (Continued.) Questionnaire items.

B. PARTICIPANTS
This research was conducted mainly in Guangdong province
and Zhejiang province, which nearly had half production of
Chinese smart homes in 2019 [58]. In these areas, smart
home coverage is higher than in other places, and the research
also set the restriction that the research subjects must have
experience using smart homes.

Before they answered the questionnaire, we introduced
the definition of smart homes comprehensively. We provided
explanations and pictures of smart homes to our participants
to ensure they were fully aware of the objects we investi-
gated. Before data collection, the researchers provided the
participants with a summary of the study, instructions on
the information collection, and informed consent forms from
the participants.

C. DATA COLLECTION AND ANALYSIS PROCEDURE
The open survey was conducted online in China using the
primary social applications, including Tencent QQ, WeChat,
and Weibo because individuals contacting the internet and
technology frequently are prone to get interested in technol-
ogy products such as smart homes. The online survey was
conducted for 15 days by testing 422 individuals’ perceptions
of smart homes. After deleting incomplete and failed to pass
attention testing questions answers, there are 405 question-
naires left. The demographic information of the research par-
ticipants is in Table 3. Structural equation modeling (SEM)
was applied to investigate the relationships between variables
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TABLE 3. Participants’ information.

which is specially invented for complexmodel research. SEM
requires that the ratio of observations per indicator is 1:10, but
Bentler suggests that the sample size to the free parameter
is 5:1 [59]. According to this, the sample number should be
between 210 and 420, so the collection number of 405 valid
samples meets the threshold.

Before data analysis, we mainly used SPSS 26.0 to sum-
marize the demographic information and test the validity of
the statistics [60]. Further, in order to test the hypotheses,
we conducted path analysis to discover the relationships
between each variable using AMOS 24.0. The PROCESS
plug-in was utilized for testing the interference effect of the
moderator.

IV. RESULTS
A. PRELIMINARY ANALYSIS
The preliminary analysis data in the research model are
presented in Table 4 and Table 5. The table shows that
each item has 405 samples; none has missing data, while
the extreme standard deviation and mean values are all in
the normal range, indicating no filing errors. According to the
standard proposed in 2013, the absolute values of skewness
and kurtosis should range less than 1.5 to guarantee that all
the constructs are normally distributed [61]. Further, previous
research proposed that the absolute value of skewness and
kurtosis must be less than 3 and 8, respectively, to fit the data
normality requirement [62]. All the skewness and kurtosis
data are satisfied with the standard and proved to be normally
distributed and continuous, laying the foundation for further
research.

TABLE 4. Descriptive analysis of items.

TABLE 5. Descriptive analysis of constructs.

B. EXPLORATORY FACTOR ANALYSIS
The exploratory factor analysis is used to estimate the factor
structures that the standardized factor loading of 42 items
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TABLE 6. Exploratory factor analysis.

should be higher than 0.5 acceptably and ideally above
0.6 [54], [63]. The results of factor loading range from
0.596 to 0.890, and they are clearly divided into 11 constructs
in Table 6, all of which are above the threshold of 0.5. This
demonstrates that the factor structure is appropriate for this
research.

C. VALIDITY TEST
Based on previous measurement scales, validity analysis
reveals that values above 0.7 for Cronbach’s alpha coefficient
indicate reliability [64]. According to the regulation of con-
firmatory factor analysis (CFA), values of composite value
(CR) and average variance extracted (AVE) should surpass
0.7 and 0.5, respectively, but we can still accept 0.4 for AVE
and confirm the convergent validity of the frame is tenable if
CR is higher than 0.6 [54], [65]. Further, in order to examine
the discriminant validity, each square root value of AVE in

one specific construct must be higher than the correlations
between that construct and any other construct [33].

On the basis of the above studies, there are 405 samples,
and the values of the mean and standard deviation of each
structure are shown in Table 5. The values of Cronbach’s
alpha shown in Table 7 are all above 0.8, which indicates the
favorable internal consistency in each potential structure. The
values of CR and AVE are all above the thresholds of 0.7 and
0.4 separately. The numerical values of the square root of
AVE on the diagonal in Table 7 are bold and greater than the
correlations between structures, proving the convergent and
discriminant reliability of this research are both passed.

D. FIT INDICES
The goodness of fit indices is often used to evaluate whether
themodel is appropriate for the datawe collect. Jackson et al.,
stated that Chi-square (X2), degree of freedom (DF), and
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TABLE 7. Results of internal and convergent reliability.

TABLE 8. Model fit of the research.

FIGURE 4. The research model.

other fit indices are the common standards to measure the fit-
ness of a model [66]. Based on previous research, the indices
of the Comparative Fit Index (CFI) and Tucker–Lewis index
(TLI) should ideally surpass 0.9. At the same time, the indices
of the goodness of fit index (GFI) and Adjusted GFI (AGFI)
are higher than 0.8, which is also acceptable [67]. Kenny
suggested that the Root-mean-square error of approxima-
tion (RMSEA) and Standardized Root-mean-square residual
(SRMR) need to be inferior to 0.08, which represents a good

FIGURE 5. Figure of the moderation effect.

FIGURE 6. Johnson-Neyman confidence of moderating effect.

fit for the research model [68]. The indices of the current
research model meet the criteria above and are computed in
Table 8.

E. HYPOTHESES TESTS
After passing the reliability and validity tests of the research
model, the results of the SEM of current research are
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TABLE 9. Results of the research model.

TABLE 10. Moderation effect of SINN between PV and PU.

shown in Table 9 and Fig. 4. As the results demonstrate,
SE (H9, β = -0.183, t=-3.067, P<0.05) has a negative
influence on PU which indicates H9 is supported. In contrast,
SE (H10, β = 0.013, t=0.244, P>0.05) shows no significant
influences on PEOU. The other three variables—PV (H1,
β = 0.433, t=5.518, P<0.001; H2, β = 0.397, t=6.211,
P<0.001), SI (H7, β = 0.337, t=4.713, P<0.001; H8, β =

0.190, t=3.037, P<0.05)and VA (H11, β = 0.263, t=4.098,
P<0.001; H12, β = 0.336, t=6.212, P<0.001)all affect
PU and PEOU positively. On the contrary, neither PP (H3,
β = -0.040, t=-0.750, P>0.05; H4, β = -0.049, t=-1.000,
P>0.05) nor SP (H5, β = 0.098, t=1.815, P>0.05; H6, β =

-.021, t=-0.425, P>0.05) has relationships with PU or PEOU.
The hypotheses of TAM are almost supported. PEOU

(H14, β = 0.322, t=5.979, P<0.001) and PU (H15, β =

0.579, t=9.476, P<0.001) both have positive associations
with ATT, while PU (H16, β = 0.224, t=3.031, P<0.05) and
ATT also affects ITU (H17, β = 0.605, t=7.804, P<0.001)
positively representing H14, H15, H16, and H17 all support.
Nevertheless, PEOU (H13, β = -0.066, t=-0.805, P>0.05)
has no effects on PU.

F. THE MODERATING EFFECTS ANALYSIS
In order to test H18 and estimate the conditional effect of
SINN between PV and PU, the research uses the plug-in

of PROCESS in SPSS, which was invented in 2013 and
conducted the statistical procedure of hierarchical regression
by bootstrapping samples more than 5000 times [60]. The
P-value is often used to estimate whether the conditional
effect exists, as the results of the conditional effect of SINN
between PV and PU in Table 10 show that the moderation
factor of SINN exists. H18 (p<0.05) is proved to be signifi-
cant that the effect of PV on POU is moderated negatively by
SINN in Fig. 5. In addition to this, the research tests simple
slopes and acts by the Johnson-Neyman (J-N) technique to
distinguish ‘‘better’’ effect from ‘‘worse’’ effect [69]. Fig. 6
shows that for customers with scores higher than 6.604 of
SINN, the moderation between PU and PV does not exist
(p>0.05). However, a significant conditional effect appears
when the scores of SINN are lower (scores<6.604).

V. DISCUSSION AND CONCLUSION
This research investigated customers’ intention to use smart
homes via the impact factors of PU and PEOU. The struc-
ture is extended primarily from TAM, VAM, and Maslow’s
Hierarchy Needs Theory and indicates that four variables
significantly influence individuals’ use intentions and behav-
ior for smart homes. On the other hand, two factors were
found not to have any impact on people’s willingness to use
smart homes, and the results are a little bit out of expectation.
Additionally, the moderator does have some effect on the per-
ception of the usefulness of using smart homes for customers
to some extent, which gives us the direction to confirm who
the potential customers would be.

In the construct of VAM, the research found that PV has
considerably significant impacts on PU and PEOU, which
follows previous studies of technology products, such as
smart homes [13], [20]. The useful values, including emo-
tional value, price value, and effort value, seem as important
standards for people purchasing smart homes. It has become
a normal sense for sellers that attraction is the embodiment
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of the value, and the quality is the guarantee of word of
mouth, especially the products like smart homes that people
will not frequently change [70], [71]. However, the moderator
of SINN may interrupt the balance between PV and PU.
The research above shows that the interference of SINN
affects individuals’ perception between value and usefulness
negatively. In other words, the more innovative people will
negatively affect the perception between value and useful-
ness. One possible reason is that these people with innovative
spirits will have higher technology standards because they
are often exposed to new technology and have an ade-
quate reservation of technical knowledge. Nonetheless, the
individuals who scored higher (more than 6.604 in Fig. 6)
in innovation spirit will have more tolerance and devote
themselves to trying every new technology, so the condi-
tional effect disappears when the scores surpass the thresh-
old. Previous research confirmed the theory that innovation
resistance has limitations on perceived value of technology
products. Further, the current research extends the theory
that SINN will negatively influence the relationship between
PV and PU.

In Maslow’s hierarchy needs model, the current research
proved that SI and VA significantly influence PE and PEOU
positively, while SE affects PU only. The biggest surprise is
that VA has quite an impact on PU and PEOU, which means
that the aesthetic design actually decides people’s attitudes
toward purchasing smart homes to a great extent. According
to previous research, the visual design could slightly impact
PU and PEOU of other internet products. This study proves
that the visual aesthetics of smart home design weighs a large
proportion of purchasing smart homes [39]. The above results
show that smart homes belong to higher levels of Maslow’s
hierarchy needs theory; thus, people the need smart homes
pay more attention to factors like color, shape, and size rather
than price and privacy safety. Furthermore, the standardized
estimate of H12 is higher than H11, which indicates that
relationship between visual aesthetics and perceived ease of
use is stronger than perceived usefulness. According to the
result above, the entertainment of smart homes creating by
visual aesthetics could be another reason that leads to the
consequence. Because of this, further study could consider
perceived enjoyment as a potential factor in investigating
smart homes. It is not astonishing that SI also impacts the
intention to purchase smart homes via PU and PEOU observ-
ably because of the findings above. It indicates that customers
are prone to social comments when they buy smart homes,
in accordance with previous studies [9]. Customers still
emphasize public praise nowadays; one potential reason is
that the social comments of smart homes are the first impres-
sion for customers before they truly experience smart homes.
The conclusion could also be confirmed that the standard-
ized coefficient of H7 is higher than H8, which proves that
social influence could influence perceived usefulness more
than perceived ease of use. According to this research, self-
esteem affects usefulness recognition negatively, but there

is no correlation with ease of perception surprisingly. The
results extended the theory discovered from previous research
that self-esteem may predict purchase motivation for people
with self-esteem demand via PU rather than PEOU [21].
One latent cause is that people with high self-esteem pos-
sess huge pursuit of reputation and acknowledgment, which
may motivate them to buy more constructive products to
enhance themselves [36]. Individuals with that characteris-
tic would care much about labels of smart homes, such as
famous-branded or eco-friendly, rather than the usefulness of
smart homes. Besides, most subjects of the current research
were young people who are more familiar with new technolo-
gies and more skilled in using information and the internet,
which offset the potential difficulties of using smart homes.
Moreover, PP and SP have no significant effect on PU or
PEOU, which is different from previous research on the ser-
vice of Internet of Things (IOT) and electrical vehicles [13],
[21]. One potential reason could be that smart homes are
a higher hierarchy product which is different from other
products in previous research. People using smart homes are
not just satisfied with basic needs but pursue a higher mental
demand. The results confirm the theory above once again,
which gives us the direction to develop and update smart
homes.

In the construct of TAM, most hypotheses proven sig-
nificant were confirmed to be true many times by previous
research on smart homes and other technology products [22],
[33]. In this research, the standardized estimate of H15 is
0.579, higher than H14. The result above implies that people
pay more attention to the usefulness of smart homes, which
is also in accordance with previous studies. One possible
reason is that smart homes are functional products, and it is
important to extend the functions of smart homes to make the
product more competitive. However, H13 was not supported
in this research, since PEOU has no positive effect on PU
unexpectedly. The potential reason for this situation is that
most observations are high-educated college graduates who
do not consider learning to use smart homes a tough mission.
The characteristic of subjects weakened the perception of the
ease of use of smart homes.

VI. CONTRIBUTIONS
From an academic perspective, this study validated the com-
bination of the Technology Acceptance Model (TAM) and
Maslow’s hierarchy of needs theory to investigate the accep-
tance of smart homes, extending the structural model’s appli-
cability. The study found that when individuals require higher
hierarchical products such as smart homes, they prioritize
upper-level needs such as visual design, product reputation,
and social comments, over lower-level needs such as price,
safety, and health. The study’s results confirm the timeless
relevance of Maslow’s hierarchy of needs theory in smart
products and future technology.

From an industrial perspective, this study expanded
the function of Maslow’s hierarchy of needs theory by
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providing guidance on product positioning. For instance,
smart homes should prioritize appearance design over eco-
nomic or privacy-safe characteristics, which is different from
traditional furniture. Additionally, cultural influence may
affect people’s adoption of smart homes, as demonstrated in
Maswadi’s research [7]. By employing hierarchical levels of
products, smart home providers can identify specific aspects
to upgrade and attract more customers.

VII. IMPLICATIONS
ASmart homes could be a popular tendency of interior design
in the future, making peoples’ daily lives more efficient and
intelligent. Based on the research above, reducing negative
effects and boosting positive impacts influencing the inten-
tion to adopt smart homes directly or indirectly via PU and
PEOU is a critical issue. Thus, we proposed the following
implications.

The research findings highlight the crucial significance of
the visual design of smart homes, which should create an
attractive, enjoyable, and entertaining atmosphere, especially
for products that people use daily. The smart home designers
should focus on controlling colors, shapes, materials, and size
to ensure high-quality visual design. Providing individualized
design options can create a sense of participation andmeet the
customers’ needs for self-value. Through participation expe-
riences, customers can purchase and design smart homes,
which is a new trend in product promotion.

Social influence and comments also significantly affect
individuals’ purchasing intentions. Smart home marketers
can effectively improve their images in the market by using
proper propaganda and additional strategies. One useful strat-
egy is the Corporate Identity System (CI), which provides a
simple visual image of companies and expresses their spirits
and culture to the public, creating a standardized and positive
impression. Companies like Apple and Huawei have success-
fully used their corporate images to attract more customers
through social comments.

Further, smart homes belong to the higher levels of
Maslow’s theory, and providers must focus on satisfying
various mental needs of customers. They can create internet
communities for customers to communicate about their user
experiences with smart homes and hold exhibitions to pro-
mote excellent value, meeting their cognition needs.

VIII. LIMITATIONS AND FUTURE WORK
Although this study proposed significant implications, a few
limitations still exist, which can serve as a basis for future
research. Firstly, this research is limited to the use of an
online questionnaire surveymethod, and other researchmeth-
ods such as experimental methods, document research, and
field research could be adopted in future studies. Secondly,
most of the participants are high-educated young people in
China, which may have an influence on the results of this
research. Further research should expand the data collection
range and number to ensure subject equilibrium. Thirdly, the
constructs need to be more specific. This research focused

on smart homes, which can serve as an exploratory basis for
further study of specific types of smart homes, such as healthy
smart homes or housework smart homes. Further research can
also clarify which factors in visual aesthetics design affect
customers’ purchasing intentions of smart homes.
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