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Abstract: Smart home energy technology has been verified to be successful for energy reduction in
the residential sector. However, the current penetration rate of smart home energy technology is at a
low level. Considering the factors of economy, policy, and demographics, Guangdong Province in
China is a suitable region as an exemplary case to promote smart home energy technology through
the urban residents. Therefore, using Guangdong as the targeting area, this research examined
the factors influencing residents’ intention to adopt smart home energy technology. A theoretical
model based on the theory of planned behavior and Norm Activation Model theory was developed,
with special consideration of the complex technical features. A questionnaire survey was performed
in Guangdong Province and the data was analyzed by PLS-SEM. The analysis results indicated
that residents’ attitude towards technical performance, social norm, perceived behavioral control,
and personal norm all have positive influence on the adoption intention, of which, attitude towards
technical performance had the strongest effect. On the other hand, the attitude towards economic
performance was found not to lead adoption intention. To explain this consequence, the discussion
based on behavioral economics was proposed.

Keywords: smart home energy technology; household energy saving; theory of planned behavior;
norm activation model; structural equation modelling; energy efficiency gap; behavioral economics

1. Introduction

Globally, the residential sector is responsible for 20% of the total energy consumption, and this is
expected to increase by 10% until 2040 due to the growth of population, economic development and
improvement of living standards [1,2]. Many technologies have been developed and engaged to solve
the energy efficiency problem of residential buildings. In recent years, with the rapid development
of information and communication technology (ICT) and smart grids, smart home technology (SHT)
has become a promising measure to benefit home occupant’s living environment and improve living
quality. One important category of SHT is smart home energy technology (SHET), particularly aiming
to provide energy management services or energy reduction measures to residents [3,4]. SHET includes
integrated systems or isolated components to manage the demand side of a smart grid by monitoring
and arranging the home electricity consumption and various smart home appliances [5]. SHET achieves
its energy management goals in two ways: (1) providing residents with their energy consumption
information, to help residents cultivate energy saving behaviors; and (2) providing residents the ability
to control the domestic appliances which can be scheduled or optimized via smart devices, so that they
can utilize some electricity tariff policies to cut their energy bills [5–7].

Under the pressure of reducing the energy consumption of residential sector, several country
governments have proposed various policies or strategies to promote the use of smart technology
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in home energy saving, such as the European Commission’s “Create technologies and services for
smart homes that provide smart solutions to energy consumers” [8] and the Smart Hong Kong plan
“Promote and support households to utilize smart home mobile apps to monitor household energy
consumption and set targets” [9]. In Singapore, some households were selected to install a home
energy management system (HEMS) in a collaboration between the government and Panasonic [10].

Lots of previous research has focused on the technical issues of smart home energy technology.
Karlin categorized the current SHET into three groups: user interfaces, including energy portal, in-home
display, load monitor; and smart hardware, including smart appliance, smart light, smart thermostat,
smart plug/switch as well as software platforms, such as smart home/web service platform [6].
The energy-saving capacity of each category of SHET have been demonstrated by many studies [7,11–14].
Louis et al. focused their attention on the environmental impacts of home energy systems during their
lifecycle, and pointed out the energy payback time would be 1.6 years [15].

Additionally, several researchers have worked on topics related to the adoption and diffusion of
smart home energy technology. Balta-Ozkan organized expert interviews and questionnaire surveys in
European countries, and investigated social barriers to smart home technology diffusion, including
fitting to lifestyles, public administration, interoperability, reliability, privacy, trust, and cost; he also
pointed out energy cost savings, improving quality of life, environment, and information transparency
as the four main drivers of smart home market development [8,16]. In Singapore, Bhati analyzed
the perceptions of households about the usage of smart energy technology, concluding that residents
have high awareness of the energy efficiency and indoor comfort, but are also concerned about the
problem of security and privacy [10]. Some articles have examined the factors determining the adoption
intention of specific home energy technology such as energy efficient household appliances or home
energy management systems in several different countries, including Korea, Malaysia, China and
Pakistan [17–20].

However, the influential factors of adoption intention are highly affected by the regional culture
or demographic situation [18,20]. When talking about China, it has a huge population of 1.4 billion,
and the residential sector accounts for 30.6% of the total primary energy consumption [21]. Currently,
the penetration rate of smart home energy technology in China is only 1.4%, lower than the global
average level of 1.67% [22]. What is more, the literature studying the adoption of SHET by Chinese
urban residents is not adequate. More endeavor will be needed to investigate residents’ perceptions
towards SHET and the factors affecting resident’s adoption intention. Bridging this research gap could
provide support to policy decisions or market strategies to promote the adoption and diffusion of
SHET in China.

The objective of this article is to contribute to the understanding of the perceptions about the smart
home energy technology by Chinese urban residents and to analyze the behavioral, social, psychological
factors explaining people’s adoption intentions. To achieve this goal, the most developed province in
China, Guangdong, was selected as the study area. Compared to other provinces, the Guangdong
provincial government can be viewed as the most ambitious in constructing low carbon, green,
smart cities; and has put forward a series of positive policies to encourage the development of IOT
or smart technology related industries. Guangdong also possesses the largest technology industrial
cluster focusing on the research and development of the smart technology products covering all aspects
of people’s living. However, no matter the successful implementation of government policies, or the
continuous long-term development of smart industry, the technology adoption by the market is the
most crucial task. The selection of Guangdong as targeting area, on the one hand, it could provide
policy implications for the government, or investigate some market strategies for industry to promote
the diffusion of SHET; on the other hand, the study of Guangdong Province can be a good example for
other provinces in China. As building smart cities is a national development strategy formulated by
the central government, the current problems appearing in Guangdong Province will also present in
other places in the near future.
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The paper is structured as follows: Section 2 reviews the policy, economy and social environment
of Guangdong Province; and the behavioral models employed by the study; Section 3 introduces the
research methodology; Section 4 presents the result of data analysis. The analysis results are discussed
in Sections 5 and 6 presents the conclusions.

2. Literature Review

2.1. Background of Guangdong Prvince

Guangdong is located in the southern part of the country, bordering on Hong Kong and Macau.
It is the birthplace of the reform and opening-up policy implemented in China. As the first pilot area
of the market economy, it has been the driving force of the growth of Chinese economy and achieved
the highest GDP among all the provinces and municipalities for several years [23]. The high-tech
industry is a significant and strategic component of Guangdong’s economy, especially the electronics,
information and communication technology industry.

From the aspect of policy, the Guangdong provincial government has formulated a series of
policies to support the development of the electronics and ICT industry, such as “Opinions on
accelerating the development of the IOT and building smart Guangdong” in 2010; and “The 12th
five-year plan for the development of high-end electronic information industry in Guangdong” in
2012. These policies emphasized the core of future work in the development of IOT technology and
its application in building smart cities and urban residents’ smart living. Additionally, the carbon
reduction policies enacted by the Guangdong provincial government are even more aggressive than
at the national level [24], enabling Guangdong to be a frontrunner in carbon reduction in China.
In year 2018, in “The 13th five-year plan for Guangdong development”, the local housing authority set
new objectives for energy and carbon reduction in the building sector, such as energy renovation of
existing buildings, implementation of energy efficiency technology, promotion of low carbon living
style through residents, etc. [25]. All these efforts made by government will provide a good policy
environment for the development of IOT technology, green building, and energy efficiency technology.

In addition to the government, China Southern Power Grid (CSPG), the state power enterprise
which is in charge of the electricity supply of the whole of Guangdong, announced its “The 13th
five-year plan for smart grid development”. Under the vision of CSPG, a comprehensive smart grid
system will be built, with attributes of clean electricity generation, flexible electricity distribution,
interactive electricity consumption, and integration with internet and information technology [26].

As for the demographic factors, Guangdong is the most populous province in China, hosting
8% of the total population, among which 75.4% are young and middle aged (15–64 years old), higher
than the national average level (71.8%); and only 7.7% are in the old group (>65 years old) [27].
Guangdong has the largest group of young and middle aged labor force compared to other provinces.
Referring to Diffusion of Innovation Theory, younger people are more likely to be the early adopters
of new technology [28]. Venkatesh also empirically verified that the younger would have a stronger
perception about the performance of new information technology in his research about technology
adoption [29]. Besides, some previous studies found out the younger generation had higher intention
to use the energy efficient technology, including the heating innovation facilities [30], micro-generation
technology [31], and energy management system [32]. Therefore, considering the demographic factors,
the local policies, and the strategy of the power company, Guangdong is an ideal place to actively
promote the smart home energy technology through urban residents.

2.2. Background of Behavioral Theory

The theory of planned behavior (TPB), developed by Ajzen, has become one of the most important
theoretical foundations to study human behavior. TPB points out human’s behavior intentions are
affected by the attitudes, subjective norms and perceived behavior control (PBC), as Figure 1 showing.
According to Ajzen’s theory, attitude is reflected by people’s beliefs about the outcomes of performing
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a certain behavior; subjective norms are people’s perceptions about the social pressure to engage or not
to engage in a behavior; and perceived behavioral control refers to people’s perceptions of their ability
to perform a given behavior [33].
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In the TPB model, the subjective norm (SN) construct is affected by the prevailing external values
in the social environment. In many previous studies, the power of personal norms in explaining the
pro-environmental behaviour or altruistic behaviour has been demonstrated [34–36]. In the Norm
Activation Model (NAM) theory proposed by Schwartz [37], the term “personal norm” was defined
as the self-expectations or commitments under one’s internal values and reflect one’s feelings about
the obligations to engage in a specific behaviour [37,38]. Personal norms will have influence on the
behaviour intention when someone aware of the consequence (AC) of its behaviour for the benefit of
others or one’s ascription of the responsibility (AR) for those consequences to oneself [37,39,40].

Therefore, some studies have combined the TPB with the NAM to improve the explaining power
of TPB, considering both factors of internal personal norms and external social values. A list of previous
studies in the context of energy saving or pro-environmental behavior is shown in Table 1. However,
given the complexity of human behavior and human nature, the current theories and studies are not
capable to cover all the social and psychological factors as well as personal traits relevant with energy
saving behavior [19,41].

Generally, the energy saving behavior includes two fundamental categories: habitual behavior
and purchasing behavior [42,43]. The habitual energy saving behavior refers to some daily activities
to reduce the energy consumption such as setting thermostats lower, turning lights off when leaving
a room, unplugging appliances after usage, etc. [43,44]. The purchasing energy saving behavior,
also called “technology choice” [42], requires home retrofitting and financial investment in new energy
efficiency technologies [43,45], such as installation of home energy management systems [32] and
purchasing energy labeled appliances [20]. The scope of this paper will focus on the purchasing
behavior in the context of smart home energy technologies.

Table 1. A list of previous research about energy saving behavior with application of TPB and NAM.

Source Region Context Theory Construct

[41] USA

Workplace energy saving
behavior, e.g., turn off
light/monitor when
leaving

Combination of
NAM and TPB

Subjective norm, descriptive
norm, attitude, organization
support, opportunity,
motivation, personal norm,
awareness of consequence,
ascription of responsibility,
ability, perceived behavioral
control, perceived knowledge,
actual knowledge
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Table 1. Cont.

Source Region Context Theory Construct

[20] Malaysia
purchase intention for
energy-efficient
household

Moral extension of
TPB

Attitude, subjective norm,
perceived behavioral control,
environmental concern,
environmental knowledge,
moral norm,

[46] China
household
PM2.5-reduction
behavior

Combination of
NAM and TPB

Subjective norm, descriptive
norm, attitude, perceived
behavioral control, moral
norm, environmental concern

[47] Brazil

Energy saving behavior
of Industrial worker, e.g.,
save the
electricity/gasoline onsite

Combination of
TPB, NAM,
and human
reliability

Attitude, subjective norm,
personal norm, perceived
behavioral control,
performance shaping factor

[48] Taiwan
General energy savings
and carbon reduction
behaviors

Moral extension of
TPB

Attitude, subjective norm,
perceived behavioral control,
moral obligation

[49] China
Complaint behavior
about the environmental
problem

Combination of
TPB and NAM

Attitude, subjective norm,
personal norm, perceived
behavioral control, awareness
of consequence

[44] China residents’ habitual
energy-saving behavior

Combination of
TPB and NAM

Attitude, social norm,
personal norm, perceived
behavioral control, awareness
of consequence, ascription of
responsibility, save money,
policy environment

2.3. Research Hypothesis

Based on the above literature reviews of the behavioral model, this article introduces the construct
personal norm from NAM and develops an extended TPB model, in order to strengthen the explaining
power of TPB for moral dimension. Additionally, considering the complicated technical features of
smart technology, and the potential monetary gains or cost incurred, the original construct “attitude”
in TPB could not provide enough explanations covering all aspects of SHET. Therefore, with the
purpose to better understand residents’ perceptions about the technical and economic performance of
SHET, two new attitudinal constructs are developed in this study: one is attitude towards technical
performance (ATTP), the other is attitude towards economic performance (ATEP), as shown in Figure 2.

The measurement indicators assessing each model construct are obtained from the literature
reviews. The specific explanations of the constructs and measurement indicators in this theoretical
model are described in the following sections.
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2.3.1. Residents’ Attitude towards Adoption Intention of SHET

Attitude is decided by one’s subjective evaluation of the probable outcome that a behavior will
produce [33]. It is a mental state of readiness that person learns through experience, and exerts
influence on people’s response [50]. In the study of household electricity-saving behavior performed by
Wang [51], the attitude was decided by a household’s evaluation of preference for electricity saving and
the availability of information. Liu pointed out that residents’ attitudes towards green buildings were
affected by their perceptions about the usefulness and environmental awareness [52]. In the context of
adoption of smart home energy technology (SHET), attitude represents the residents’ evaluation of the
performance that the SHET will present.

Currently, the smart technology is still under development, constantly providing new features to
users. As smart home technology is expected to be involved deeply in people’s life, and awareness
of residents’ daily activities, preference, or living habits [53], the smart living experience is very
crucial when residents are making a decision about whether to adopt or not. Wong pointed out the
technical (functional and operational) performance was an important factor influencing the adoption
of smart home technologies [54]. Mert asserted that consumers’ perception of a mature technology
would determine one’s willingness to use a smart appliance [55]. Here we come up with a hypothesis
that residents’ attitude towards technical performance (ATTP) of SHET is positively related with the
adoption intention of SHET. In total seven categories of measurement indicators relevant with technical
performance are investigated from previous studies, including: information feedback [7], automation,
controllability [56], reliability ([16,54], convenience [57], privacy protection and safety [8,16,55,58,59].

Moreover, a consumer study about smart domestic appliances organized in five European countries
(Austria, Germany, Italy, Slovenia and UK) discovered that consumers’ adoption intention would
depend on their perceptions about financial benefit [55]. A higher expected monetary gains and shorter
payback period would improve the evaluation of the smart home equipment [57]. Balta-Ozkan also
conducted a comparative study about consumers’ perceptions about smart home technology in the
UK, Germany and Italy, revealing that people’s perception of the economic performance, such as
reducing energy cost was one key driver for smart home adoption in the three European countries [59].
Wong pointed out a low maintenance cost during the usage phase is a significant indicator of good
economic performance [54]. The benefits of energy cost saving, lower payback period, and higher net
present value of smart home technology solutions were demonstrated by experimental simulation
for single family houses in Germany and Algeria [60]. Hence, based upon the previous research and
literature reviewed, we expect that resident’s attitude towards economic performance (ATEP) of SHET
will have a positive impact on the adoption intention, and three measurement indicators of economic
performance are investigated: save energy expense, low maintenance cost, and cost effective. The two
hypothesis about attitude are listed below:
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H1: Residents’ attitude towards technical performance of smart home energy technology is positively related
with the adoption intention.

H2: Residents’ attitude towards economic performance of smart home energy technology is positively related
with adoption intention.

2.3.2. Perceived Behavioral Control

Perceived behavioral control (PBC) is defined as people’s perceptions of their ability to perform a
given behavior, and determined by the capabilities or resources that can facilitate the performance of
this behavior under people’s perceptions [33]. PBC can reflect two dimensions of concept: the first is
about the availability of some external factors, such as money, time or other resources; while the other
is about the internal factors, like self-confidence in the ability to perform one specific behavior [33,61].
Besides, as the smart technology is still developing, and new products or features will be released to
market continually, the technical compatibility of the smart products with existing building systems,
as well as with other smart products is important [16]. Four measurement indicators of PBC are
chosen from the past literature, including knowledge and skills, financial capability, compatibility with
existing building system, compatibility with other smart products.

In the previous research about the energy saving or environmental friendly behaviors, perceived
behavioral control has been widely adopted into the theoretical model, and confirmed as a significant
factor influencing the behavioral intention, including [18,20,62–64]. Saqib Ali [19] verified that PBC is
positively related to resident’s purchase intention of household energy efficient appliances through
a questionnaire survey in Pakistan. Therefore, this study has a similar expectation about PBC,
and develop the below hypothesis:

H3: Perceived behavioral control has a positive relation with resident’s intention to adopt SHET.

2.3.3. Social Norm

Social norms, also named subjective norms, are defined by Ajzen as the perceived social pressures
to engage or not to engage in a behavior and related with the expectations of important referents, such as
friends, family members etc. [33]. Cialdini categorized the social norm into two types: injunctive norm
and descriptive norm [65,66]. The injunctive norm refers to whether one behavior can be supported by
the majority of social group, while the descriptive norm reflects a popular behavior welcomed by the
society [66]. According to the Theory of Diffusion of Innovation [28], in the decision-making process of
a new technology adoption, people will be influenced by factors from the external environment, such as
mass media, government policy or regulations, and their social network [67]. In a comparative study
of household energy saving behaviors in five Asian countries conducted by Hori [68], the significance
of social interaction factors such as “favoring neighborhood” and “participating in community” is
investigated through questionnaire survey. Wang also verified the significance of policy in determining
Beijing resident’s electricity saving behavior [51]. Therefore, policy environment, media publicity,
and support from social network are selected as measurement indicators to reflect the factor of Social
Norm (SN). The indicator “support from social network” reflects the type of injunctive norm; and the
other two indicators reflect the type of injunctive norm. Based on the previous research, one hypothesis
is developed:

H4: Social norms have a positive influence on resident’s intention to adopt SHET.

2.3.4. Personal Norm

Personal norm (PN) is defined as the self-expectations or commitments under one’s internal values
and reflect one’s feelings about the obligations to engage in a specific behavior [37,38]. Personal norms
will have influence on the behavior intention when someone aware of the consequence (AC) of its
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behavior for the benefit of others or one’s ascription of the responsibility (AR) for those consequences
to oneself [37,39]. The impact of personal norm onto the motivation of energy saving or carbon
reduction behavior has been verified by numerous past research [41,48,69]. What is more, Ritu Agarwal
suggested that the person with innovativeness in one’s personal trait would be more likely to adopt
new technology [70]. Saqib Ai also confirmed the role of innovativeness as a human trait to influence
consumers’ attitude towards energy efficient appliances [19]. In a consumer acceptance analysis of
home energy management system (HEMS) for Korean market, the authors identified social contribution,
environmental responsibility, and innovativeness as influential factors [17]. In this study, referring to
the previous studies, three measurement indicators are selected to assess the factor personal norm (PN),
including social responsibility, environmental awareness, and innovativeness. The fifth hypothesis for
the resident’s intention to adopt SHET is proposed:

H5: Personal norm is positively related to resident’s adoption intention for SHET.

A summary of the factors, measurement indicators of factors, as well as the description of
indicators and their sources highlighted in the literature is provided in Table 2.

Table 2. Summary of influential factors and measurement indicators.

Factor Measurement Indicator Description of Indicator Source

Technical performance
attitude (ATTP)

Automation (TP1) SHET could achieve the automatic operation, require
minimized human intervention. [56]

Reliability (TP2) The operation of SHET will not suffer major failure
or malfunction. [8,16]

Controllability (TP3)
The operation of SHET could be under some
guideline, could work under interactive mode, could
be controlled by human via different methods.

[56,71]

Safety (TP4) Would not cause threaten to resident’s personal and
property safety. [8,16]

Feedback 1 (TP5)
SHET could report household’s total energy usage
information through smart devices, such as smart
phone, In Home Display, etc. [7]

Feedback 2 (TP6) SHET could report household’s appliance level
energy usage information.

Feedback 3 (TP7) SHET could report household’s energy consumption
level among the neighborhood. [72]

Privacy 1 (TP8) SHET could ensure resident’s personal privacy
would not be violated.

[8,16,55]

Privacy 2 (TP9) Service providers of SHET will not violate the
privacy right of resident.

Convenience 1 (TP10) The functions and design of SHET could enable
resident to use it conveniently. [55,57]

Convenience 2 (TP11) The functions of SHET could improve resident’s
living comfort.

Economic performance
attitude (ATEP)

Energy expense saving (EP1) SHET could help household to save energy bill.

[54,55,59]Low maintenance cost (EP2) SHET will not need high maintenance cost.

Cost effective (EP3) Considering cost of purchase and installation,
the SHET is cost effective.

Perceived behavioral
control (PBC)

Knowledge Skill (PBC1) Residents need master enough knowledge and skill
to adopt SHET.

[33,61]

Financial Capability (PBC2) Residents need enough financial capability to adopt
SHET.

Compatibility with building
system(PBC3)

The building system of existing home could be
compatible with smart home energy products.

[16]Compatibility with smart
product(PBC4)

The existing smart home energy products could be
compatible with other products in market.
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Table 2. Cont.

Factor Measurement Indicator Description of Indicator Source

Social norm (SN)

Policy Support (SN1) Government’s subsidy policies on tax and price or
other polices to facilitate the adoption of SHET

[28,51,67,68]Media Publicity (SN2) The marketing or advertisement information of
SHET on mass media.

Social Network Support (SN3) The support from family and members of social
network about SHET adoption.

Personal norm (PN)

Social responsibility (PN1) The resident deem oneself has the responsibility to
adopt for the future of society.

[17,37,38]

Environmental concern (PN2) The residents have the awareness of environmental
protection.

Innovativeness (PN3) The resident have interest on the technology
innovation, [19,70]

3. Methodology

3.1. Questionnaire Survey Design and Data Collection

A quantitative analysis based on a questionnaire survey was employed in this study. Survey
questions were developed from the literature highlighted in the above sections, and the questionnaire
survey included two parts. The first part collected the demographic information of respondents,
including gender, age, educational level, household income, and usage experience of SHET. The second
part included the questions aiming to measurement indicators. The Likert Scale measurement method
has been applied in many studies to analyze the questionnaire survey, such as [19,20,46,73–75].
A five-point Likert scale is developed to measure variables in the survey, ranging from 1 = strongly
disagree to 5 = strongly agree. Then the questionnaire survey was distributed by an internet based
survey system to urban residents in Guangdong Province.

The survey was carried out from February 2019 to March 2019. A total of 2600 questionnaires
were distributed and 2391 responses returned, with a 92% respondent rate. During the data screening
process, the responses with missing value or the resources from rural village were removed. Finally,
1913 responses were retained to make up the sample for the SEM analysis. Table 3 introduces the
demographic information for the respondents, showing that the percentage of male respondents (60%)
is higher than that of females (40%); 93.2% of the respondents are young and middle aged (18–60 years
old); 63.8% of the respondents have a university degree or above; and a higher portion of respondents
had experience of using SHET.

3.2. Structural Equation Modelling

Structural equation modelling (SEM) was employed to analyse the relationship between the model
constructs and test the hypothesis. In recent years, SEM has become the most important and influential
statistical method in social science research [76]. As a second generation multivariate analysis technique,
SEM could achieve the assessment of both measurement model and structural model simultaneously
by combining the functions of two powerful statistical methodologies: exploratory factor analysis
and linear regression analysis [77,78]. SEM has two dominating approaches: covariance-based SEM
(CB-SEM) and variance-based partial least squares (PLS-SEM). Compared to CB-SEM, PLS-SEM has
some flexibilities and advantages in the less limitations of sample size, no strict requirement of data
normality, and encompassing various formats and large number of variables [79–81]. Hence PLS-SEM
has gained popularity in many research fields such as strategic management [82], information
system [83], business management [84,85], tourism management [86], accounting [78], technology
adoption by construction industry [87], and marketing [88].
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Table 3. The demographic information for the respondents.

Demographic Category Factor Frequency Percentage (%)

Gender
Male 1147 60.0

Female 766 40.0

Age

Juvenile (≤18) 66 3.5

Young Adult (18–40) 1348 70.5

Middle Age (41–60) 435 22.7

Old (≥60) 64 3.3

Education
Below Bachelor 692 36.2

Bachelor and above 1221 63.8

Personal Annual Income
(10 thousand yuan)

Poor (0–10) 516 27.0

Middle Class (10–30) 1228 64.2

Affluent (≥30) 169 8.8

Usage Experience of
SHET

Have experience 1300 68.0

No experience 613 32.0

In Table 3, under age category, the sub-sample of Juvenile and Old is quite small (66 and
64 respectively). Table 4 presents the normality test result for measurement indicators, and the p
value shows that the data doesn’t conform to a normal distribution. Therefore, considering the
applicability and data requirements of CB-SEM and PLS-SEM, this study will employ PLS-SEM to
analyse the theoretical model. The execution of PLS-SEM will be performed by the software SmartPLS
3 [89] (SmartPLS 3.2.8, SmartPLS GmbH, Hamburg, Germany) by three processes: (a) assessment of
measurement model, (b) assessment of structure model, and (c) assessment of significance of path
coefficient [90,91]. The detailed results will be presented in the following section.

Table 4. Test result of normal distribution.

Measurement Indicator Mean Std. Skewness Kurtosis Statistic p-value

Automation (TP1) 3.988 1.121 −1.147 0.675 0.254 0.000 **
Reliability (TP2) 3.891 1.126 −0.926 0.147 0.239 0.000 **
Controllability (TP3) 3.961 1.1 −1.112 0.667 0.262 0.000 **
Safety (TP4) 3.906 1.134 −0.994 0.28 0.25 0.000 **
Feedback 1 (TP5) 4.013 1.122 −1.256 0.96 0.271 0.000 **
Feedback 2 (TP6) 4.014 1.084 −1.192 0.884 0.267 0.000 **
Feedback 3 (TP7) 3.983 1.111 −1.163 0.747 0.265 0.000 **
Privacy 1 (TP8) 3.837 1.184 −0.953 0.068 0.257 0.000 **
Privacy 2 (TP9) 3.845 1.177 −0.92 −0.007 0.25 0.000 **
Convenience 1 (TP10) 3.982 1.059 −1.133 0.812 0.275 0.000 **
Convenience 2 (TP11) 4.058 1.084 −1.319 1.226 0.278 0.000 **
Energy expense saving (EP1) 3.98 1.101 −1.141 0.699 0.267 0.000 **
Low maintenance cost (EP2) 3.847 1.151 −0.904 0.031 0.25 0.000 **
Cost effective (EP3) 3.926 1.098 −1.072 0.604 0.265 0.000 **
Knowledge Skill (PBC1) 4.01 1.081 −1.176 0.841 0.267 0.000 **
Financial Capability (PBC2) 3.957 1.096 −1.076 0.568 0.259 0.000 **
Compatibility with building system (PBC3) 3.93 1.088 −1.079 0.659 0.266 0.000 **
Compatibility with smart product (PBC4) 3.947 1.101 −1.08 0.588 0.26 0.000 **
Policy Support (SN1) 3.868 1.133 −0.949 0.204 0.251 0.000 **
Media Publicity (SN2) 3.842 1.143 −0.898 0.067 0.246 0.000 **
Social Network Support (SN3) 3.876 1.141 −0.952 0.172 0.249 0.000 **
Social responsibility (PN1) 3.876 1.131 −0.972 0.253 0.256 0.000 **
Environmental concern (PN2) 3.913 1.086 −1.018 0.501 0.262 0.000 **
Innovativeness (PN3) 3.978 1.085 −1.124 0.731 0.263 0.000 **

** p < 0.01.
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4. Analysis Results

4.1. Assessment of Measurement Model

The measurement model is the outer model of SEM, representing the relationships between the
latent variable construct and the associated indicator variables [92]. The measurement model will be
evaluated by two types of validity:

• Convergent validity: outer loadings of indicators > 0.7; composite reliability (CR) > 0.7 and the
average variance extracted (AVE) > 0.5 [90], meaning that the indicators are reliable and more
than half of the indicator variance is included in the construct [91];

• Discriminant validity: to evaluate whether a construct in SEM is unique from others [92], the criteria
is square root of AVE of one construct should be higher than the correlation coefficient shared by
this construct and any other constructs [90].

The assessment result of convergence validity is presented in Table 5, where all of the indicator
loadings are higher than 0.7, meaning that all the measurement indicators are reliable and can be
retained in the model. Both the value of Cronbach’s α and Composite Reliability (CR) are more than
0.7, satisfying the requirement of internal consistency; and the value of average variance extracted
(AVE) ranges from 0.662 to 0.759, indicating the constructs in the model could explain at least 66% of
the indicator variance, according to the recommendation by Hair et al. [90,91], the convergent validity
of the measurement model could be convinced.

Table 5. Assessment of measurement model: convergent validity.

Latent Variable Measurement Indicator Loading Cronbach’s
Alpha

Composite
Reliability

Average Variance
Extracted (AVE)

Technical
performance

attitude (ATTP)

Automation (TP1) 0.816

0.949 0.956 0.662

Reliability (TP2) 0.805

Controllability (TP3) 0.822

Safety (TP4) 0.817

Feedback 1 (TP5) 0.823

Feedback 2 (TP6) 0.814

Feedback 3 (TP7) 0.826

Privacy 1 (TP8) 0.789

Privacy 2 (TP9) 0.786

Convenience 1 (TP10) 0.818

Convenience 2 (TP11) 0.833

Economic
performance

attitude (ATEP)

Energy expense saving (EP1) 0.870
0.837 0.902 0.754Low maintenance cost (EP2) 0.855

cost effective (EP3) 0.880

Perceived
behavioral

control (PBC)

Knowledge Skill (PBC1) 0.847

0.880 0.917 0.735Financial Capability (PBC2) 0.858

Compatibility with building
system (PBC3) 0.863

Compatibility with smart
product (PBC4) 0.859

Social norm (SN)

Policy Support (SN1) 0.874
0.841 0.904 0.759Media Publicity(SN2) 0.863

Social Network Support (SN3) 0.876

Personal norm
(PN)

Social responsibility (PN1) 0.866
0.840 0.903 0.757Environmental concern (PN2) 0.874

Interest of technology (PN3) 0.869
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Table 6 introduces the assessment result of discriminant validity. As presented in Table 6,
the square root of AVE of one construct (the numbers on the diagonal line) is higher than the correlation
coefficient shared by this construct and any other constructs, referring to [90,92], the measurement
model has achieved enough discriminant validity, implying the uniqueness of each construct compared
with others.

Table 6. Assessment of measurement model: discriminant validity.

Technical
Performance

Attitude

Economic
Performance

Attitude

Perceived
Behavioral

Control
Social Norm Personal Norm

Technical performance attitude 0.814
Economic performance attitude 0.781 0.869

Perceived behavioral control 0.773 0.842 0.857
Social norm 0.781 0.831 0.823 0.871

Personal norm 0.804 0.817 0.824 0.824 0.870

4.2. Assessment of the Structure Model

The primary evaluation criteria for the structural model include the significance of path coefficient,
the R2 measure, and Stone-Geisser’s Q2 value [90]. In this study, the test of path coefficient significance
is performed by 5000 samples of bootstrapping procedure and critical values of T test is 2.33, with the
significance level of 0.01 (** p < 0.01). As shown in Table 7, the hypothetical test results suggest that
hypotheses H1, H3, H4, H5 are supported, while H2 is rejected, meaning that the positive influences
of attitude towards technical performance, perceived behavioural control, social norm, and personal
norm onto the adoption intention of SHET are empirically supported by the study, however, resident’s
attitude towards economic performance of SHET could not be verified to have a positive relationship
with adoption intention.

The R2 measure is to test the explaining power of the latent variables in the model. In the discipline
of consumer behaviour, R2 result of 0.20 is considered to be high, representing the model could well
explain the research object [90]. Cohen suggested that in behavioural science, an R2 value of 0.35 is
substantial [93]. As Table 7 shows, the R2 value is 0.589, representing that 58.9% of the variance in
adoption intention of SHET could be explained by the five antecedent constructs in the proposed model.
Besides, Q2 value is a predominant method to evaluate the model’s predictive relevance. The constructs
in the model will exhibit predictive relevance if the Q2 value (0.574) is larger than zero [90]. Figure 3
below is the complete graph of PLS-SEM results of path coefficient and indicator loadings.

Table 7. Assessment results of the structure model.

Hypothesis Relationship Path Coefficient SE T-Value p-Value Supported R2 Q2

H1
Technical

performance attitude
-> Adoption intention

0.231 0.0461 5.004 ** 0.000 Yes

0.589 0.574

H2
Economic

performance attitude
-> Adoption intention

0.020 0.0344 0.581 ** 0.561 No

H3
Perceived behavioral
control -> Adoption

intention
0.176 0.0353 4.990 ** 0.000 Yes

H4
Social norm ->

Adoption intention 0.208 0.0349 5.974 ** 0.000 Yes

H5
Personal norm ->

Adoption intention 0.180 0.0339 5.306 ** 0.000 Yes

Note: Bootstrap sample = 5000. ** All T-values are significant at the 0.01 level.
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Figure 3. PLS-SEM [89] results of path coefficients and indicator loadings.

4.3. Assessment of Hypothesis by Category of Demographic Information

To further analyse whether the demographic factors (gender, age, education, personal income)
would affect the hypothesis test results, the whole data group was divided into several sub-groups
and PLS-SEM was re-executed for each sub-group, respectively. The details of the sub-groups and the
hypothesis test results are shown in Table 8.

As presented by Table 8, under the demographic category of Gender, the hypothesis test result
of male group is consistent with the test result of the whole group given in Table 7; however, for the
female group, H5 is rejected, indicating that in this study, the personal norm of females would not lead
to the adoption of SHET.

Under the category of Age, for the juvenile group, only H1 is supported with H2–H5 being
rejected, indicating that the only influential factor for teenagers to adopt SHET is their attitudes towards
the technical performance. For the groups of young and middle aged adults, the hypothesis test
results are the same as the test results of the whole group. Particularly, for the old group, all five
hypotheses are rejected, meaning that none of the factors discussed in this article would drive old
people to welcome SHET.

As for educational level, compared to the test result of whole group, the group of below bachelor
degree level rejected the hypothesis H1, signifying that people without university degrees will not
accept the SHET under the influence of its technical performance, however, they will intend to use SHET
because of the factors of social norm, perceived behavioural control, and personal norm, while for those
people who received a university education and above, the hypothesis test results remain the same.

Taking personal annual income into consideration, there is no difference between the sub-groups of
poor, middle class and the whole group, and they all support H1, H3, H4, H5 but reject H2. In contrast,
affluent people, whose annual personal income is higher than 300,000 Yuan, support H1 and H2,
but reject H3–H5. Especially for H2, the affluent is the only group whose attitude towards the economic
performance will lead to the adoption intention of SHET.
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Table 8. Hypothesis test results by category of demographic information.

H1: ATTP ->
Adoption Intention

H2: ATEP ->
Adoption Intention

H3: PBC ->
Adoption Intention

H4: Social Norm ->
Adoption Intention

H5: Personal Norm ->
Adoption Intention

p-value * Supported p-value * Supported p-value * Supported p-value * Supported p-value * Supported

Gender
Male 0.000 Yes 0.550 No 0.000 Yes 0.000 Yes 0.000 Yes

Female 0.007 Yes 0.092 No 0.028 Yes 0.000 Yes 0.080 No

Age

Juvenile (≤18) 0.005 Yes 0.449 No 0.736 No 0.805 No 0.066 No
Young Adult (18–40) 0.000 Yes 0.826 No 0.000 Yes 0.000 Yes 0.000 Yes
Middle Age (41–60) 0.045 Yes 0.544 No 0.000 Yes 0.008 Yes 0.017 Yes

Old (≥60) 0.389 No 0.733 No 0.114 No 0.052 No 0.274 No

Education
Below bachelor 0.066 No 0.132 No 0.000 Yes 0.007 Yes 0.000 Yes

Bachelor and above 0.000 Yes 0.837 No 0.000 Yes 0.000 Yes 0.000 Yes

Personal Annual
Income

(10 thousand Yuan)

Poor (0–10) 0.000 Yes 0.879 No 0.000 Yes 0.000 Yes 0.000 Yes
Middle Class (10–30) 0.032 Yes 0.655 No 0.011 Yes 0.000 Yes 0.020 Yes

Affluent (≥30) 0.004 Yes 0.019 Yes 0.572 No 0.230 No 0.401 No

Note: Bootstrap sample = 5000; * p < 0.05.
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5. Discussion

5.1. Attitude Towards Technical Performance

Without consideration of demographic factors, the measurement model confirms that attitude
towards technical performance (ATTP) will have a positive relationship with residents’ adoption
intention of SHET. The result implies that the residents who have favorable attitude towards the
technical performances or functions will be more likely to purchase SHET products. This finding is
consistent with the theory of Technology Adoption Model (TAM). TAM theory is specifically designed
to explain the adoption behavior of information technology, implying that the factor “perceived
usefulness”, defined as “the degree to which that users believe that the useful functions of information
technology” is found to have a positive influence onto the adoption intention [94,95]. Compared to
traditional information technology such as computers, the smart technology displays more complicated
technical features and is involved more deeply with people’s daily life. The highest path coefficient
between ATTP and adoption manifests that favorable perception of the complicated technical features of
smart technology products (automation, reliability, controllability, safety, feedback, privacy protection,
and convenience) is the strongest driver for residents’ intention to use SHET. The demographic
information shows that 68% of the total respondents have the usage experience of SHET, implying
that the urban residents in Guangdong primarily demonstrate positive attitudes towards the technical
functions of SHET. Therefore, in an effort to improve the adoption rate of SHET, smart home industry
may regard the enhancement of technical performance and user experience as their key objective.

5.2. Attitudes Towards Economic Performance

As shown in Table 7, the hypothetical positive relationship between the attitude towards economic
performance (ATEP) of SHET and adoption intention is rejected, meaning that residents’ perceptions of
economic performance of SHET, such as financial gains through saving energy, cost-efficiency, or low
maintenance cost, would not lead residents to adopt these products. This empirical result contradicts
with the assumption of traditional economics that human will make rational choices after weighing the
benefits and costs [96]. Not uniquely, plenty of previous research has also reported similar findings,
for example, Hobman [97] described that only a small minority of Australian customers participated in
a cost-reflective electricity tariff program, even it was successful in reducing the peak demand and
electricity expense; Anderson [98] analyzed the technology adoption decisions made by manufacture
plants after a government-funded energy audits, and noted that half of the energy efficiency projects
were rejected by plants even if the project payback period were remarkably short; Allcott [99] pointed
out that people fail to adopt those energy technologies which can help them save money, such as
better insulation, or efficient domestic appliances and lighting. All these studies suggest that even
people have perceived the profitable and cost effective of energy technologies, their decisions might
still lead to a lower technology diffusion rate. This phenomenon is named as “Energy Efficiency
Gap” [100–102], as it derives from consumer’s irrational choice that not consistent with assumptions
of traditional economics, burgeoning of literature has begun to discuss this phenomenon under the
theory of behavioral economics [100,103].

Back to the results of this study, as shown by Table 3, the characteristics of the majority of
respondents, including middle-young age (93.2% are 18–60 years old), well educated (63.8% have
university degree or above) and having usage experience of SHET (68.3%), signified that these
urban residents in Guangdong Province exhibit some personal traits of early adopters of energy
technology [28,29,104]. However, the favorable attitude towards economic performance demonstrated
by survey respondents could not lead to the adoption intention (Table 7). In the domain of behavioral
economics, the Loss Aversion concept found in Prospect Theory could provide some explanations for
this consequence [105,106]. Loss aversion refers to people’s tendency to weigh more loss than the
equivalent gains [106]. Although the residents have perceived the economic gains from usage SHET,
they also have concerns about the potential loss from functional risks such as system failure, loss control,
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or privacy leakage; when making decision, they seem to put more value on these risks compared to the
potential financial benefit. This explanation is also discussed in the study about adoption of energy
efficient technology by homeowners in New Zealand [107], the author suggests homeowners have
an asymmetrical perception of risk caused by social and cognitive biases, which prevents them from
adopting energy efficiency technologies, regardless how great energy savings they would receive.

Additionally, sunk cost fallacy might be another reason to explain why the hypothetical relationship
is not supported. Sunk cost fallacy refers to the tendency to continue a behavior or endeavor once
the previously investment was made (time, money or effort) [108]. In the previous decision-making
process of energy technology adoption, the sunk cost effect has been observed in both personal
and business cases. For example, Verstegen [109] concluded that sunk cost was a significant factor
affecting the adoption of energy-saving technologies by horticultural farmers based on a survey.
Kong [110] recommended that to facilitate the green manufacture technology diffusion through SMEs,
governments should provide some financial support to SMEs for adopting the green technologies,
until their savings from production could cover the substantial part of the sunk costs. In the context
of this study, the residents might have purchased some non-smart or energy-inefficient household
appliances before, and those products are still functioning well. Due to the psychology of not wasting
resources, those residents would feel reluctant to discard them and replace them with new smart
energy efficient products, even though they could perceive the economic benefits from the smart ones.
To mitigate this fallacy, the smart home technology companies may consider some marketing strategies
to reduce the salience of cost that consumers have already undertook, meanwhile, emphasizing those
risks of retaining old household appliances, such as higher energy bill, or growing carbon emission.
The industry and government might introduce some policies to reduce the switching cost for consumer
from non-smart in-efficient old appliances to smart energy technology, referring to the rebate program
for energy-efficient domestic appliances purchase in South Korea [111].

5.3. Perceived Behavioral Control

Generally, the perceived behavioral control (PBC) derived from TPB theory is also confirmed
to have a positive relationship with the adoption intention of SHET. This finding is also consistent
with many discoveries of previous research of energy saving behavior or energy efficient appliance
adoption [19,20,44,49]. The relationship between PBC with adoption intention reflects the significance
of some non-motivational factors [41]. In this study, the non-motivational factors refer to the residents’
perceptions about the resources or conditions they own to adopt the smart products, including the
knowledge, affordability, and the infrastructural conditions of their houses. The result implies that if
residents believe they have more resources or more appropriate conditions to use the smart products,
they are more likely to engage.

5.4. Social Norm

The positive relationship between social norms and adoption intention is confirmed by this
study, which is in line with the backbone theory of planned behavior. This significant relationship
implies that residents in Guangdong province would be influenced by the external environments
such as government policies, the voices of mass media, and social network when they making
decisions to adopt the SHET. This finding is supported by some previous studies about the energy
saving or pro-environmental behavior in different regions of China, for example, both Wang [44] and
Zhang [112] conducted questionnaire surveys in Shandong Province, and confirmed the significant
impacts of government policies, media publicity, education onto the energy saving behavior. Zhao [51]
demonstrated the importance of policies and social norms to promote electricity saving behavior in
Beijing. Ting [113] asserted the social norms were also applicable in Jiangsu Province in the household
energy saving area. Outside of China, the social norm was verified to be an important factor to
influence the opportunity of energy saving in American workplaces [41]. The social norm was also
found to have a positive relation with purchase intention of energy efficient products in Korea [114].
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However, some research conducted in other countries such as Pakistan [19] and Malaysia [20] has
suggested no positive relationship between the social norm and purchase intention of energy efficient
products. The difference of the results between countries might derive from the cultural difference,
education level and citizen’s perceptions about government enforcement.

5.5. Personal Norm

Meanwhile, this study presents positive impact of personal norms onto the adoption intention of
SHET. Personal norm is the moral extension of TPB, reflecting the moral dimension of one’s internal
values. The result implies that residents owning stronger awareness of energy saving would be more
possible to adopt SHET. The indicators reflecting personal norm include the social responsibility and
environmental concern, which shares the similar results of some passed research of energy saving
behavior [20,44,47,48] Additionally, because of the innovativeness of smart technology, one indicator
reflecting one’s interest about technology innovation is also employed to measure residents’ internal
values towards the smart technology innovation. The result confirms the reliability of this indicator.
This finding echoes with the study of Ali [19], that the residents who have positive attitude towards the
technology and innovation have higher intention to adoption energy efficient household appliances.

5.6. The Influence of Demographic Factor

5.6.1. Gender

In this study, the gender difference lies in the H5: the positive relationship between personal norm
and adoption intention is supported by the male group while rejected by the female one. This finding
about gender difference is consistent with the viewpoint of one literature which asserted “Chinese
men show greater environmental awareness than Chinese woman” [115]. However, in the context of
western countries, it seems no consensus about the impact of gender difference onto the environmental
concerns. Some research reported that women had stronger belief about pro-environmental behavior,
while some studies found no relationship [116]. Therefore, the influence of gender factor on the
people’s adoption intention of SHET needs furtherly survey and study.

5.6.2. Age

As shown by Table 8, the hypothesis test results are dominated by the group of young and middle
aged adults, because of their higher proportion (93.2%). However, the analysis of juvenile and old
groups presents some different outcomes. All five hypotheses are rejected by the assessment result
of the old group, indicating the theoretical model discussed in this paper is totally not applicable to
elderly adults. With the coming of an aging society, plenty of research have emerged to study the
adoption of smart technology especially for the older adults, and compared to the energy saving,
the elder value more on the function of assisted living, such as personal emergency alarm, which could
help them to live in their homes independently [117].

As for juveniles, compared to the adults, the only factor empirically supporting their adoption
intention is ATTP, with the other four hypotheses H2–H5 being rejected. This consequence maybe be
due to the widespread popularity of smartphones and mobile internet. Teenagers don’t perceive smart
technology as strange, thus they could have positive perceptions about the technology performance,
nevertheless, due to the lacking of enough knowledge and skills, no financial capability, and immature
personal values, the juveniles could not build positive relationships between another four factors and
the adoption intention.

5.6.3. Education

The assessment result of sub-group with university degree and above is consistent with the
hypothesis test result of the whole group, while the analysis of the sub-group without bachelor degrees
presents slightly differences. At the significance level of *p < 0.05, H1 is rejected by the low educational
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level group. One explanation might be that due to their knowledge limitations, it is hard for them
to have positive perceptions about complicated technology performance. This explanation is also
supported by the research of Mills [118]. In his study of resident energy efficient technology adoption
in European countries, he concluded that education level had a strong impact on family’s attitude
towards energy efficiency technology. To solve this problem, government or industry organizations
might hold some training course to foster the perceptions or understands of smart technology by
people with lower education background.

5.6.4. Personal Income

H1–H5 are also examined for the sub-groups of poor, middle class and affluent, respectively.
The assessment results in Table 8 reveal that there is no difference between the poor and middle class,
consistent with the results of the whole group. Nevertheless, the hypothesis test result of the affluent
group deviates from the others very much. As shown by Table 8, in contrast with all other sub-groups,
H2 is empirically verified for the 169-sample size affluent people, which indicates that the rich people
intend to use SHET as if they can perceive the positive economic performance of SHET. Compared
to the poor and middle class, rich people are less likely to be trapped in an “Energy Efficiency Gap”.
This discovery echoes a view from behavior economics research related with poverty, that affluent
people are less possible to suffer the behavior [119]. What is more, H1 is also supported by the affluent,
the same with the poor and middle class, but H3–H5 are all rejected. This consequence reveals that
the affluent respondents in this study are solely goal and profit driven. The only two factors they
consider for the SHET adoption are the technical performance and economic benefits, and they are not
concerned with factors like external resources, conditions, social or personal norms.

6. Conclusions

This study developed a research model to explore the factors influencing resident’ intentions
to adopt smart home energy technology in Guangdong Province in China. The theory of planned
behavior (TPB) was employed as the backbone theory of the model, and the norm activation model
(NAM) was combined to improve model’s explaining power about the moral dimension. Because
of the innovativeness and special technical features of smart technology, the construct of attitude in
TPB was replaced by attitude towards technical performance (ATTP) and attitude towards economic
performance (ATEP) separately. Generally, the study pays attention to the relationship between the
attitude towards technical performance/economic performance, social norm, perceived behavioral
control, personal norm and adoption intention of SHET by residents in Guangdong, which we have
justified as a good exemplary case for China’s situation. In order to examine the model, a questionnaire
survey was organized in Guangdong to collect data, and the structural equation modelling technique
using PLS was employed to conduct data analysis and research hypothesis test.

The analysis results indicated that four hypotheses were supported while one was rejected,
confirming the positive relationship between attitude towards technical performance (ATTP), social
norm (SN), perceived behavior control (PBC), personal norm (PN) and the adoption intention of
SHET. However, the positive impact of attitude towards economic performance on adoption intention
was rejected, and two explanations deriving from behavioral economics were proposed to explain
this consequence.

With the purpose of investigating the impact of demographic factor on the adoption intention,
the whole data group was divided into several sub-groups by the category of demographic information
and re-modeled by PLS-SEM. The comparisons of the assessment result for each sub-group discovered
some differences among each categorical groups: the gender difference lay in the factor of personal norm;
the adoption intention of teenagers would be solely driven by their positive perceptions of technology
performance; the theoretical model was totally not applicable to the old people; the educational level
could affect resident’s attitude towards the technical performance, and the high income group only
considered two attitude factors when making adoption decisions.
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Some limitations existing in this study should be acknowledged. The first is that TPB and
NAM are the backbone theories adopted by this study, so the factors and measurement indicator are
confined under the framework of the two theories. However, as the complexity of human behavior,
the adoption intention may also be affected by some other factors neither associated with backbone
theory nor mentioned by the study. Secondly, the research data were collected from self-reporting
questionnaire, rather than the observation of actual behavior, therefore the respondent’s answers
may be influenced by some inherent bias resulting from personal characters, society environment,
or demographic factors, but not the real situations. Third, the descriptive analysis result showed that
only 3.3% of the respondents are elderly people. As China is gradually becoming an aging society,
more and more requirements of the elderly should be considered in future. Finally, in the analysis for
demographic factors, the sample size of some categorical groups are not compatible with each other;
although PLS-SEM does not require the large enough data sample, it still lacks some preciseness and
need further efforts.
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